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Applicability of different modeling approaches to process quality management, according
to the human-machine system
Kirov Kiril1,*, Proynov Kalin1,
Technical University Varna, Bulgaria1
kalin.proinov@abv.bg
Abstract: Quality is a process of continuous improvement or improvement of the processes creating the product. Our ability to manage
quality characteristics has a significant impact on the depth of our knowledge of the process used for the desired transformation. The application of knowledge in process management depends on the dominant factor for management: human or machine. Each requires an appropriate form of transfer of knowledge. Depending on the type of "human-machine system", it is possible to use various mathematical and
logical tools to formalize the information. This article attempts to classify the types of mathematical and logical tools applicable to process
management, depending on the "human-machine system" use.
Keywords: QUALITY, QUALITY MANAGEMENT, QUALITY MANAGEMENT SYSTEM, HUMAN–MACHINE SYSTEM, Modelling

To achieve high quality production processes, modern
enterprises need to master the processes used and achieve
repeatable results. In the 21st century, manufacturing companies are
focusing mainly on automated production. But this is not always the
right decision, due to the need to take into account the level of
knowledge of the human factor used in the implementation,
management andcontrol of automated processes [1].

on formalized knowledge of technology and sensitive
capabilities, realizes the process of transformation.


The review of the types of process execution systems confirms
the two active elements of the human-machine system. It is logical
to assume that each of them will use different methods for
acquiring, processing and transmitting information..

The ability to implement a particular process used in the
creation of a particular product depends on the degree of knowledge
of its nature and the capabilities we have to transmit the necessary
information to the active element that manages it [2]. However
perfect or automated the process may be, in essence it cannot be
initiated or executed without the direct or indirect involvement of
human. Human participation in the transformation process requires
us to get acquainted with the main variants of the "human-machine"
system performing specific processes, which will determine the
possible methods for transmitting information to the active element
of the system [4].

Information and its significance for the implementation of
production processes
The implementation and management of each of the production
processes is impossible without having the necessary knowledge of
the process and the object of transformation. The ability to perform
the necessary transformation requires in-depth knowledge of the
technology through which we will achieve the desired results, as
well as the way it will be applied to the specific object. In essence,
the description of the method and object of transformation is
information necessary for the adequate implementation of the
production process..

"Human-machine" system
The publication (K. I. Kirov, Analysis of the possibilities and
limitation of the system "human - machine" in the manufacturing
2018 [6]) presents a classification of production processes,
depending on the role of the active element of the system - human
and / or machine. According to the presented classification the
possible types of the system are:


• Type A - A system that has only one active element, the
"human". Human is the bearer of technology and he
without a tool, based on their capabilities, knowledge and
resources provided by nature, realizes the desired process
of transformation.



Type B – A system that has one active element "man" and
one passive element "instrument". Human is the bearer of
technology and he through the use of a specific tool, based
on their capabilities and knowledge, realizes the desired
process of transformation.



Type С – A system that has two active elements "human"
and "machine", as well as one passive "tool". In this case,
the controller of the process is the human. It uses and
manages
specific
technology
to
perform
the
transformation, using all three possible elements of the
system.



Type D – The system, again, has all the active elements,
similar to type C. The difference is in the control of the
conversion process. In this case, the active element is the
"machine".



Type F - A system that has only one active element is a
"machine". The machine is a carrier of technology and it
without a tool, based on its capabilities and formalized
information realizes the transformation process.

The need to convey information requires its transformation in a
way that is "understandable" or "interpretable" by the subjects or
objects that will use it. Achieving such a transformation requires the
development of developed formal tools of science, such as
mathematics and logic. The development of formal tools allows us
to document (record) information with a significant level of
"density", "precision" and "usefulness". Such a record allows the
active element of the system to "read", "understand" and "execute".
The transformation of information into knowledge presupposes
the ability of the perceiving subject / object to interpret the existing
information and to qualitatively transform it into specific
hypotheses, rules, models, theories and / or laws [5]. The
"laboratory" in which the qualitative development of knowledge
takes place, so far, is only the human brain, of course supported by
the technological tools available to a particular civilization. The
need for the knowledge creator at the relevant level also requires
various tools for formalizing, processing, transmitting and storing
knowledge, such as information. The tools used to formalize this
level of "compressed" information are again mathematics and logic.
Specifics in the perception of information from the active
element of the " human-machine" system
Today's economic situation requires extremely rapid
readjustment of industrial structures to new production. The needs
and criteria that determine the competence of the staff and the
technologies used also change dynamically over time. In order to
meet the needs, the current production and educational technologies
must be used in the training. If we add the effects of globalization,
as a basic criterion for success, there is a need to have modern

Type Е - A system that has one active element "machine"
and one passive element "tool". The machine is a carrier of
technology and it through the use of a specific tool, based
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communication skills, to achieve rapid integration and efficiency in
international teams, and in a modern production environment.

active elements in the system, we will find restraining factors for
the development and achievement of the top capabilities in terms of
the capacity of the "human-machine" system..

It is desirable to apply all the presented requirements with
relatively limited resources. Therefore, the basis for the success of
any organization is its ability to manage the efficiency and
effectiveness of the production process, as well as its ability to
quickly adapt to the needs of the modern economy..

The main advantage of the element "human" is contained in his
creative nature, in his ability to formalize and interpret the
information gained as a result of his experience in performing
specific processes. Performing certain activities, he gains certain
knowledge, qualifications and experience. Analyzing the acquired
information on the basis of its creative interpretation, he can build
knowledge of a higher order, allowing him to achieve continuous
improvement and refinement of his knowledge of the process, as
well as use them to improve the results of its management. Using
the expressive means of logic and mathematics, it is possible to
formalize them and make them suitable for storage, training of other
subjects, as well as suitable for modeling and transmitting the
necessary information to modern computer-controlled machines..

Achieving the desired competitiveness at the modern level of
automation of production equipment requires extremely high
competence of the involved specialists. Competence determined by
the knowledge and ability of specialists to communicate with each
other and with production equipment, for the purposes of planning,
design, programming, management, control and analysis of
production processes. The ability of human and machine to
"understand" and perform the necessary activities in the planned
way, to a large extent become critical to achieving the
competitiveness of production structures.

From a modern point of view, there are significant problems in
building staff with a certain qualification for modern industry. The
main problem is hidden in the transmission of information in the
"human-to-human" system, and that is speed. The main
disadvantages are related to the assimilation of information in
training and exchange. Human uses information to form knowledge,
and with its application in practice he gains experience, which
determines his qualification. The specificity of the "human" is
contained in the qualitative transformation of information. The
ability to perceive, interpret and use certain information is
individual to each individual. The ability of a certain subject to
transform information into knowledge, as well as his ability to gain
experience from the practical application of his knowledge, is also
individual. That is why the society has introduced the concept of
qualification, which corresponds to predetermined quality levels of
knowledge and experience. The normal cycle of education of the
subject is 12 years. Given that the means of production change on
average in cycles of 4 to 7 years, it is an obvious problem facing the
education system.

The analysis and identification of the possibilities and
limitations of the "man-machine" system are important for future
research in improving the achieved quality and productivity of
production structures.
The role that human plays is essential to achieving the quality
characteristic of the product created by the process. The
requirements for human qualification and experience depend on the
type of human machine system. Types A to C must have similar
requirements due to the fact that the qualification and experience
are decisive for the quality of the created product. In type C, despite
the use of means of production, their active management during the
transformation process is realized again by the human operator, in a
way that directly affects the result of the activity. It is difficult to
say unequivocally what the trend is, but in general the influence of
qualifications and experience on the quality achieved decreases
from type A to type С.
In types D, E and F, the process technology and its control are
integrated to one degree or another in the means of production. The
human is needed at the stages of: setup, programming of the
execution cycle, control, integration of the process in the production
cycle, etc. Despite its formal absence from the direct
implementation of the process, it plays a significant role in
achieving effective and efficient management. When the conditions
change, each participant in the production process has an impact on
the planned result. Therefore, it is impossible to say that the
qualification and experience of the specialists involved in the
process does not affect the quality of the formed product and the
implementation of the process. In fact, the importance of
qualifications and experience in these types of human-machine
systems is crucial.

The problem is exacerbated by the recursion of knowledge and
its key role in the management process. As already mentioned, the
human can participate in the direct implementation, design,
management, control, programming, integration, analysis and more.
activities included in the production process. Each of them requires
knowledge and experience from a different level, but necessarily
requires the "human" to have the necessary knowledge and
experience from all integrated levels. For example, in order to be
able to create a program for processing a specific part for a CNC
machine, it is necessary to have knowledge and experience in:
execution, design, management and control of the process, ie. you
need to have a qualification, for example for a turner, technologist,
programmer, CNC machine operator and quality control.
The inhomogeneity of the human-machine system
predetermines specific problems. With the help of the dynamic
development of technology and science, we have the opportunity to
create machines and installations that have the ability to realize the
transformations we want,, as well as to manage them during1 their
implementation. The "machine" has the quality to quickly2 absorb
the information it needs to manage the process. The speed of
information exchange depends on the element of the system
providing it to the machine. In the case that the information is
provided by a human, it corresponds to his capabilities, if it is a
machine, then the speed of information exchange is determined by
the capabilities of the means of communication. That is why human
has created modern tools for programming CAD / CAM / CAE
systems, reducing the adverse effects of human in transmitting
information. It is important to realize that the machine needs a high
level of formalization of information, which includes the necessary
knowledge and experience of man. The management of modern

Unfortunately, it is difficult to achieve standardization of the
requirements for the qualification of specialists, because the variety
of means of production and the specifics of production for each of
the products is significant. Relieving conditions is that the approach
we use standard modern automation tools, improving the dialogue
between human and machine. Such an approach allows the
achievement of standardization in the field of education and
educational degrees, allowing the human factor to obtain the
necessary knowledge and skills for their management. Such training
must be followed by adaptation and gaining experience in a specific
production environment.
Retaining factors on the development of the capacity of the
"human-machine" system
The main restraining factors in the development of the "humanmachine" system are rooted in its inhomogeneity, it is a form of
union between living nature and inanimate matter. The development
of modern technologies for information processing gives us the
opportunity to create machines with automated control, exceeding
the capabilities of living organisms. If we try to compare the two

1
2
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In real time
Compared to human
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The effective and efficient implementation and management of
the process can be achieved with the correct choice and application
of the information model. The quality level of the model is
determined by the knowledge about it. The objectivity of
knowledge is a basic characteristic that determines the precision of
the built information model and logically, the ability to manage the
process [3].

production systems is carried out through the use of formal means
that allow communication between the systems "human-human",
"human-machine" and "machine-machine"..
If we try to summarize, the problems facing the human-machine
system are the following:


Inhomogeneous nature of the "human-machine" system, as a
form of union between living and non-living matter. This
predetermines the main problem, the impossibility of direct
exchange of information between human and machine;



The need for human to formalize knowledge and turn it into
information "understandable" for the machine, with or without
technological aids;



The need for human to formalize knowledge and turn it into
information "understandable" for the machine, with or without
technological aids;



Inability of machines to build and exchange knowledge and
gain experience (at the present stage);



Law is the only form of scientific knowledge that can be
defined as objective knowledge. It necessarily requires in-depth
knowledge of the nature of the analyzed phenomenon (process).
The laws discovered by science are always related to nature. The
formal description of the law is usually realized through the tools of
theoretical mathematics and achieve the desired accuracy in
forecasting. They allow subsequent theoretical analysis of
mathematical structures, allowing the discovery of characteristic
properties or hidden possibilities of the studied phenomenon. The
current level of the information model is perfect and can be denoted
as a level α.
The most commonly used and practical concept for society is
theory. The theory always has elements of subjectivism, inability to
prove and / or achieve the desired prediction accuracy. Depending
on the used mathematical means for formal description, the formed
model can be filled with tools of theoretical and applied
mathematics. The current level of the information model can be
defined as a level β .

Problems related to the speed of decision-making in
management, as well as their objectivity.

Defining the active element of the "human machine" system
determines the possibilities and approaches to be used in the
management of processes and their interaction.

When studying specific phenomena for which we cannot obtain
the necessary objective information or we are not interested in the
essence of the phenomenon, but only in its behavior, we usually
proceed to the construction of models. The methodology for
creating the model presupposes a formal description for solving
specific practical tasks or process management. The models are
probabilistic and in most cases are sensitive to changes in the field
of study or the object of study. The current level of the information
model can be defined as a level γ.

Basic process process-human-machine
Knowledge of the process is a key criterion for the ability to use
it for its intended purpose in the context of human activity. In fact,
processes exist in nature without our participation. They may create
things that are necessary or not for our existence. The key to
process knowledge lies in the relationship between the concepts of
"process" and "technology". If we carefully analyze the essence of
the concepts and their relationship we can define the following three
statements. First, processes exist in nature, by themselves, whether
or not human participates in them. Second, technology is a
reflection of human knowledge of the nature of certain processes
existing in nature. Third, the ability to actually implement a specific
technology, at the initiative of man, proves the adequacy of our
knowledge of the process. These three statements also determine the
possible relationship of human to the process..

The approach to constructing the formal hypothesis description
does not differ significantly from the modeling approach presented
above. To achieve and clarify the criteria under which we will use
the current level, it is sufficient to assume that the current level of
knowledge is applicable in the absence of objective information.
The current level can be defined as a level δ.
Table 1

Human knowledge of the process goes through certain
qualitative states. In cases where humanity does not have the
necessary knowledge of the nature of ongoing processes, it is not
able to reproduce the process and can only have observations of its
course, without being able to build a formal description suitable for
its implementation and management. In cases where the human "has
the technology" to perform and manage the process on his own
initiative, its formal description may be at qualitatively different
levels: hypothesis, model, theory and law, corresponding to the
level of knowledge of the process. In essence, a formal description
is needed to make a sequence of decisions that allow us to fully or
partially implement the desired process. Each of the qualitatively
different levels uses different formal tools to present knowledge.
Information model of the process determines its capabilities in
implementation and management. It is necessary to pay attention
that the formal tools used by the human must be interpreted in a
way suitable for "understanding" by the machine in order to be
applicable for execution and management of the realized process.

level of knowledge

level α

level β

level γ

level δ

Logical model
Theoretical model
Deterministic model
Stochastic model
Planned experiment
Probabilistic model

Each of the knowledge levels is possible to use different tools
for description and subsequent implementation and management.
The applicability of the individual tools to the level of knowledge is
presented in Table 1.
Conclusion
The implementation and management of each of the production
processes is impossible without having the necessary knowledge of
the process and the object of transformation.

It is logical to orient the research to the applicability of various
tools for formalization of knowledge, to the qualitative level of
knowledge of the process, as well as the possibility of the active
element of the "human-machine" system to use them..

The possible relations of human to the process are: First, the
processes exist in nature, in themselves, whether human participates
or not in them. Second, technology is a reflection of human
knowledge of the nature of certain processes existing in nature.
Third, the ability to actually implement a specific technology, at the

Levels of the information model of the process
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Минск, "Гревцов Букс", ISBN 978- 985-6926-03-0,
(Второе издание).

initiative of man, proves the adequacy of our knowledge of the
process.
Inhomogeneous nature of the "man-machine" system, as a form
of union between living and non-living matter. This predetermines
the main problem, the impossibility of direct exchange of
information between human and machine.
The effective and efficient implementation and management of
the process can be achieved with the correct choice and application
of the information model. The quality level of the model is
determined by the knowledge about it. The objectivity of
knowledge is a basic characteristic that determines the precision of
the built information model and logically, the ability to manage the
process.
Each of the knowledge levels is possible to use different tools
for description and subsequent implementation and management.
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Quality evaluation of welded joints of various steel welded by GMAW technology
Ján Viňáš1,*, Janette Brezinová1, Jakub Brezina1
Technical University of Košice, Slovakia1
jan.vinas@tuke.sk
Abstract: The paper presents the results of quality evaluation of weldments produced by a mutual combination of different steel grades. Weld
joints were made using GMAW technology (method -135 ISO 4063). The type of welding parameters used for the quality of welded joints was
monitored. The quality of welded joints was assessed using non-destructive tests. In non-destructive tests, the Visual test according to EN
ISO 17637, the Penetration test with colour indication according to EN ISO 22476-12 was used to identify surface defects. The presence of
internal errors was assessed by a radiation test according to EN ISO 17636-1. Within the destructive tests, the quality of the welds was
assessed by a tensile test according to EN ISO 6892-1, by the test of brittleness of welds according to EN ISO 5173, the course of hardness
according to EN ISO 6507-1 was determined on transverse cuts. The bending impact test according to EN ISO 9016 will determine the
toughness of the weld metal and heat-affected areas. Metallographic analysis of welds according to EN ISO 17639 was performed on
transverse metallographic sections using light microscopy. Based on the performed experiments, recommendations were set, or proposed
changes in the welding procedures of the given steel grades.
Keywords: WELDED JOINTS, GMAW, FILLER MATERIAL, QUALITY, MICROSTRUCTURE

1. Introduction

This is what needs to be avoided. The paper presents a selection of
results from a broader research of quality assessment of welded
joints made on different combinations of steels and nickel alloys
carried out on the basis of practical requirements.

Requirements for the possibility to combine different types of
ferrous as well as non-ferrous metals in practice are not new.
However, nowadays the current level is still increasing due to the
development of new types of steel, new types of non-ferrous metal
alloys in a large extend and also due to the development or
modifications of welding methods [1-3]. The possibilities of
combining individual qualities of metallic materials are the source
of many research [4-8]. To create high-quality welded joints of
these combined materials, knowledge of metallurgy and
solidification of mutually welded materials, theoretical knowledge
about the possibilities and limits of application of individual
welding methods as well as the influence of their parameters on the
welded joint are required. Knowledge of the rules for the selection
of welding consumables is also important. Conventional principles
for the selection of filler materials with the same chemical
composition and strength properties as the base material being
welded no longer apply here. Mutual combinations of individual
types of welded materials require knowledge and also experience
with the influence of the welding process on both joined materials
[9-11]. All these presented characteristics and principles place high
demands on welding technologists. When joining such different
qualities of types of metal materials, even a small deviation from
the required welding parameters as well as an incorrectly selected
additive material will result in errors in the welded joints (this will
cause the weld to become the weakest point of the structure) [1215].

2. Used materials end experimental methods
Based on the requirements of practice, the possibilities of arc
welding of a combination of different grades of steel and also nickel
alloy were verified. For the purposes of the experiments, 3
combinations of materials were chosen. The experiments were
performed in a combination of structural steel, austenitic stainless
steel and nickel alloy. Mutual combinations of basic materials
welded by GMAW method are documented in Table 1. Chemical
composition and mechanical properties of the used basic materials
are in Tab. 2 to Tab. 7.
Table 1: Combination of base (welded) materials.
Samples
Combination of welded
materials
S.1.
X2CrNiMo17-12-2 –
S355J2W
1.4404 – 1.8965
S.2.
NiMo16Cr15W – S235JR+N
2.4819 – 1.0038
S.3.
S355J2+N – S690QL1
1.0577 – 1.8988

Table 2: Chemical composition and mechanical properties of steel
X2CrNiMo17-12-2
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
N
Al
0.024
1.28
0.45
16.63
10.04
2.02
0.032
0.003
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KVmin
[MPa]
[MPa]
[%]
[J]
582
357
45
100
Table 3: Chemical composition and mechanical properties of steel S355J2W
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Al
V
0.073
1.00
0.40
0.53
0.17
0.031
0.034
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
508
415
29

87

Cu
0.293
KV
[J]
46

S
0.004

P
0.036

Hardness
[HV]
180

S
0.009
Hardness
[HV]
180

P
0.009
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Table 4: Chemical composition and mechanical properties of nickel alloy
NiMo16Cr15W
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
0.002
0.40
0.03
16.18
58.44
15.44
0.01
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
741
360
68
Table 5: Chemical composition and mechanical properties of steel
S235JR+N
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
0.14
0.64
0.19
0.03
0.01
0.005
0.05
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
[MPa]
[MPa]
[%]
500
235
25

Cu
0.05

S
0.002

KV
[J]
115

P
0.04
Hardness
[HV]
240

Cu
0.02

S
0.004

KV
[J]
27

Table 6: Chemical composition and mechanical properties of steel
S355J2+N
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
N
0.17
1.53
0.20
0.02
0.01
0.001
0.003
0.007
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
518
382
28
27
Table 7: Chemical composition and mechanical properties of steel S690QL1
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Nb
B
0.159
0.99
0.30
0.60
0.19
0.192
0.003
0.0015
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
900
720
14
35

P
0.020
Hardness
[HV]
140

S
0.008

P
0.009
Hardness
[HV]
158

S
0.004

P
0.004
Hardness
[HV]
245

The chemical composition of the additive material and the
mechanical properties of the additive material are in Table 8. A gas
mixture of 18% CO2 + 82% Ar was chosen as the protective
atmosphere. THERMANIT NiMo C24 was chosen as an additive
material on the basis of the standard EN ISO 18274 with a diameter
of ø 1.2 mm for the production of a welded joint of the sample 2. nickel alloy 2.4819 and structural steel S235JR + N and it is a solid
wire. This filler material is suitable due to the high nickel content
for welding nickel-based alloys but also its combinations with
structural steel. It has excellent resistance to corrosion and oxidizing
environments. The chemical composition and the mechanical
properties of the additive material are in Tab 9.

Used welding filer material and welding parameters
For the production of the welded joint of the sample 1. - austenitic
stainless steel X2CrNiMo17-12-2 and structural steel S355J2W, an
additive material with the designation E309LT0 - 1 (C1) was
chosen on the basis of the standard EN13479 with the trade name
Shield - Bright 309L X - tra with a diameter of ø 1.2 mm from
ESAB. It is an additive material with a rutile filling intended
primarily for welding steels with a content of 22 - 25% chromium,
or 10 - 14% nickel. It is also suitable for welding difficult-to-weld
ferritic-martensitic stainless steels and for forming undercoat layers
during welding of clad steels.

Table 8: Chemical composition and mechanical properties of filler material
E309LT0 – 1 (C1)
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
S
P
0.032
1.46
0.66
24.50
12.8
0.004
0.021
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (-20°C)
[MPa]
[MPa]
[%]
[J]
546
410
38
42
Table 9: Chemical composition and mechanical properties of filler material
THERMANIT NiMo C24
Chemical composition in (% wt.) /Fe balance/
C
Mn
Si
Cr
Ni
Mo
Al
Fe
0.01
0.2
0.1
23
59.6
16.1
0.3
0.3
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (20°C)
[MPa]
[MPa]
[%]
[J]
700
420
40
40
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Hardness
[HV]
210

S
0.004

P
0.021
Hardness
[HV]
-
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Inoxline HE30H2C was chosen as the shielding gas based on the
EN ISO 14175 standard. Shielding gas is composed of 68.8%
argon, 30% helium, 2% hydrogen and 0.12% carbon dioxide.
To make a welded joint of sample 3. - combination S355J2 + N
and S690QL1, an additive material with the designation OK
ARISTOROD 55 with a diameter of ø 1.2 mm was used on the
basis of the standard EN ISO 16834 - A. It is a solid non-copper
alloy wire. Used for welding high-strength steels. It is alloyed with
elements namely: 0.5% chromium, 0.5% nickel and 0.2%
molybdenum. The chemical composition of the additive material
and the mechanical properties of the additive material are in Table
10. The chosen shielding gas was M21 Arc 18 with an argon
content of 82% and a carbon dioxide content of 18% on the basis of
EN ISO 14175.

Welded joints were made in accordance with EN ISO 9692-1.
Schemes of edges preparation and fillings are shown in Fig. 1 to
Fig. 3. Welding parameters used for test specimens are in Table 11.

Fig. 1 Sample S.1 -- butt weld (BW) a) joint preparation, b) weld
realization (t = 12 mm; α = 50-70°, b = 0-6 mm, c = 0-4 mm)
Table 10: Chemical composition and mechanical properties of filler
material OK ARISTOROD 55
Chemical composition in (% wt.) / Fe balance/
C
Mn
Si
Cr
Ni
Mo
Al
Cu
S
P
0.12
1.38
0.71
0.58
0.53
0.20
0.008
0.09
0.005
0.013
Mechanical properties
Tensile strenght Rm
Yeld strenght Rp0,2
Elongation A5
KV (20°C)
Hardness
[MPa]
[MPa]
[%]
[J]
[HV]
770
690
20
40
-

Fig. 2 Sample S.2 – fillet weld (FW), a) joint preparation, b) weld
realisation (t1 = 30 mm; t2 = 6 mm; α = 90°, b = 0-1 mm)

Fig. 3 Sample S.3 – fillet weld (FW), a) joint preparation, b) weld
realisation (t1 = 30 mm; t2 = 20 mm; α = 90°, b = 0-1 mm)

Table 11: Used welding parameters
Sample S. 1. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1
1
136
Ø 1.2
260-290
23
=/+
8.9
0.57-0.72
1+n
1
136
Ø 1.2
290-310
28
=/+
9.4
0.95-1.11
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
E309LT0 – 1 (C1)
M21
Flat (1G)
X2CrNiMo17-12-2
S355J2W
20
Sample S. 2. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1
1
135
Ø 1.2
250
32.5
=/+
8.9
0.72
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
THERMANIT NiMo C24
He30H2C
Horizontal (2F)
NiMo16Cr15W
S235JR+N
12
Sample S. 3. - Visual inspection according to the standard EN ISO 17637, article 6 and EN ISO 5817 level „C“.
Temperature course of welding
Heat treatment
Preheat temp.
Interpass temp.
Postheat temp.
Heating
Stay
Cooling
max. 250°C
Layer
Pass No.
Process
Filler metal
Current (A)
Voltage
Current/Pol
Shift
Feeding of
Q*
Ø (mm)
(V)
arity
(mm/s)
wire (m/min)*
(kJ/mm)
1-3
1
135
Ø 1.2
290-300
27-28
=/+
8.9
0.72
Nozzle
Filler metal FM1:
Shielding gas:
Welding
Base
Base
Wire extension
(l/min)
EN ISO 14175
position:
material 1.
material 2.
(mm)
(EN ISO 6947)
18
OK ARISTOROD 55
M21
Horizontal (2F)
S355J2+N
690QL1
12
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The dimensions of all test plates were 300 mm x 150 mm. Welding
was performed by Kemmpi FastMig M 420.

The quality of welded joints on transverse metallographic sections
was documented by light microscopy. Upon identification, the
sections were etched with a 3% solution of HNO3 (Nital) in sample
S.3. resp. etchant V2A from Metalco Testing in samples S.1 and
S.2, due to their chemical composition with a high Cr content.
Etching with V2A was performed at 60°C.
Based on the performed experiments in terms of set standards, it is
possible to present the following results.
The results of the visual inspection did not show the presence of
surface defects on the welds. The evaluation results are summarized
in Tab. 12. Range of testing: 100% weld surface and 15 mm
surroundings. The presence of surface defects in the welded joints
was not recorded, therefore all evaluated test specimens were
classified as satisfactory. The results of the penetration tests are
recorded in the Tab. 13.
As with the visual inspection, the presence of surface defects in the
welds was not detected by the penetration test. The test specimens
were classified as compliant. The results of the radiation tests are
recorded in Tab. 14. The results of the static tensile test of sample S.
1. are presented in Tab. 15. Based on the results of the static tensile
test of welded joints with a transverse welded joint, it can be stated
that the average value of the agreed yield strength Rp0.2 is 364 MPa
and the average value of the tensile strength Rm is 560 MPa.
Tearing of all five test specimens occurred in the base material.
Results of destructive test on welds in metallic materials, bend test
EN ISO 5173 are presented in Tab. 16. The test was performed on 3
test specimens made of welded joint S.1.Test condition: - thickness
of sample: a = 12 mm; former – ø: 4.0 x a = 48.00 mm; roller – ø:
50 mm; roller distance: 84.00 mm.
The test specimens passed the bending test, as none of them
initiated a crack during bending and the required angle of 180 ° was
achieved in all specimens.

Weld quality evaluation methods
As part of the evaluation of the quality of welded joints, the quality
of welded joints was assessed using non-destructive and destructive
tests. In non-destructive tests, the presence of surface defects on
welded joints was assessed using a visual test performed according
to EN ISO 17 637. At 520 lux illumination, the aim of the test was
to identify defects on the welded joints such as: pores, cracks,
dimensional errors, overflow root, burn , cold joints, etc. The
second non-destructive test designed to identify surface defects was
performed Penetration Test according to EN ISO 22476 - 12. The
method of colour indication by penetration system II Cd suspension
from Helling and DiffuTherm was used. Checking for the presence
of internal defects in the welds was performed using a radiant test
according to EN ISO 17636-1. The aim was to identify internal
pores, cracks, inclusions, cold joints, etc. As part of the
implementation of destructive tests, the quality of welded joints was
evaluated using a tensile test according to EN ISO 6892-1 on an
INSTRON 5582 shredding machine. The test was performed on five
samples S.1. with transversely positioned welded joint. The butt
weld quality of sample S. 1. was evaluated by means of a test of
brittleness of welds of metallic materials according to EN ISO 5173
on an INSTRON 5582 tearing machine and jigs for three-point
bending. The influence of arc welding processes on base materials
as well as on changes in weld metal metallurgy was monitored on
transverse metallographic sections using Vickers hardness
evaluation in individual weld areas in accordance with EN ISO
6507-1.
The toughness of welded joints was determined by means of an
impact bending test according to EN ISO 9016 on test specimens
measuring 10x10x55 mm.

Table 12: Visual testing result (Done by: EN ISO 17637:2011; EN ISO
6520-1; EN ISO 5817)
Samples
Object
Type of
Surface quality
Welding/Position
S.1.
BW
136/1G
Mechanical
S.2
FW
135/2F
Mechanical
S.3
FW
135/2F
Mechanical
Table 13: Penetration tests (Done by: EN ISO 22476-12; Test specifications
EN ISO 3452-1; EN 23277 level 1 – used inspection temperature 25°C )
Samples
Extend of
Penetrant
Manufacturer
testing
system
S.1.
100%
II Cd.
Helling
S.2
100%
II Cd.
DiffuTherm
S.3
100%
II Cd.
Helling

Evaluated by
EN ISO 5817
Class B
Class B
Class B

Table 15: Average values of the static tensile test of sample S.1.
Sample
Thickness
Width
Test
a
b
Temperature
[mm]
[mm]
[°C]
S.1.
11.38
25.34
20

TFBB
TFBB
TFBB

S.1/1
S.1/2
S.1/3

180
180
180

90

Developing
time
15 min.
15 min.
15 min.

Test result
Admissible
Admissible
Admissible

Film sensitivity

Densitometry

Test result

AGFA Geavert D5
AGFA Geavert D5
AGFA Geavert D5

MD12
MD12
MD12

Admissible
Admissible
Admissible

Kontrastrot 88.
BDR
Kontrastrot 88.

15 min.
15 min.
15 min.

Table 16: Measured values of the bending test butt weld samples S.1.
Sample
Fibre in tension
Identification
Angle of bend
[°]

S.1.

Admissible
Admissible
Admissible

Penetration time

Proof stress
Rp0.2
[MPa]
364

Test result

520 lx.
550 lx.
520 lx.

Penetrant

Table 14: Radiography testing (Done be: EN ISO 17636-1; Exposition
placement – perimetric, Negatoscop – Seifert; Scale – ISO 62 W10)
Samples
Source of
Focus
SFD
Settings
radiation
S.1.
Ir192
3 mm
400 mm
100Ci-3.7TBq
S.2
Ir192
3 mm
400 mm
100Ci-3.7TBq
S.3
Ir192
3 mm
400 mm
100Ci-3.7TBq

Lighting

Tensile strenght
Rm
[MPa]
560

Elongation
A
[%]
-

Elongation
A
[%]
-

Failure

Base material

Remarks

Test result

no cracks
no cracks
no cracks

Admissible
Admissible
Admissible
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The results of hardness measurements on transverse sections of
welded joints are recorded in Tab. 17. The test procedure was in
accordance with the rewritten standard for the evaluation of
hardness of welded joints according to Vickers EN ISO 6507-1. In
butt welds as well as in fillet welds, indentor punctures were made
in two lines. The tests were performed under HV10 loading. The
exposure time was 15 s. Based on the results of the hardness
evaluation presented in Tab. 17, it follows that the highest hardness
values were measured in HAZ of the steel S690QL1, namely
404HV10 and the lowest values in the basic material of steel
S355J2 + N, namely 160 HV10.
Fig. 5 Macrostructure of the welded joint of sample S2
Table 17: Measured hardness values on transverse cuts of welded joints
Sample
Weld
Line
X2CrNiMo17-12-2
BM1
HAZ1
S.1.1
BW
Line 1
186, 188, 187
215, 211, 213
Line 2
188, 186, 187
202, 200, 198
NiMo16Cr15W
BM1
HAZ1
S.2.1
FW
Line 1
218, 209, 211
213, 220, 204
Line 2
205, 208, 206
224, 218, 209
S355J2+N
BM1
HAZ1
S.3.1
FW
Line 1
161, 163, 162
296, 279, 280
Line 2
160, 169, 165
282, 216, 220

Vickers HV10
S355J2W

10
10
10

WM
234, 241, 232
222, 222, 224

HAZ2
300, 287, 276
267, 211, 214

WM
305, 311, 308
278, 283, 283

HAZ2
404, 318, 320
373, 319, 280

BM2
188, 187, 188
184, 183, 183
BM2
167, 163, 164
166, 167, 165
S690QL1
BM2
285, 284, 280
257, 272, 262

Fig. 6 Macrostructure of the welded joint of sample S3

Table 18: Measured Values of toughness of the butt weld of the samples S.1.
Samples
Width
Thickness
Location of
h
B
Notch
[mm]
[mm]
8
8
8

HAZ2
183, 186, 181
192, 188, 186
S235JR+N

The measured values are in accordance with the chemical
composition of the evaluated materials, their structures as well as
the used additive materials. The lowest average values of weld
metal hardness were measured in sample S.1.1, namely 183HV10.
The maximum average values of the weld metal were recorded in
test sample S.3.1, namely 294HV10.
Results of the evaluation of the toughness of the butt weld of the
sample S.1. based on the impact bending test according to EN ISO
9016 are in Tab. 18.
The presented results shows that the average value of the impact
work for piercing the welded joint was 72 J and the average impact
strength was 90 J.cm2. The stated values meet the requirements for
the impact strength values of the given welded joint.

S.1/1
S.1/2
S.1/3

WM
188, 162, 188
184, 192, 184

Test
temperature
t
[°]
-20
-20
-20

VWT
VWT
VWT

Impact energy
KV2
[J]

Notch Ductility
MV3
[J/cm2]

Type of
Fracture

73
73
69

91
91
86

M
M
M

MV3: Measured value; M- Mixed-mode fracture; B: Brittle fracture; N: Not broken

When observing the macrostructures, the presence of internal errors
was not observed in the test specimens, which is in line with the
results of the NDT radiation tests. Excess convexity (503) in the
allowable value a = 4.4 mm was recorded for sample S.2. For
sample S.3. the presence of internal errors was noted. A weld
penetration of 1.72 mm was measured.

Destructive tests of evaluated welded joints conclude the results of
metallographic analysis performed by the Olympus light
microscope. BXFM The macrostructures of welded joints after
etching were documented in the analysis. The recorded
macrostructures are documented in Fig. 4 to 6.

3. Conclusion
Based on the tests of welded joints made by combinations of
different grades of steel and Ni alloy, it can be said that the selected
additive materials and welding parameters used allow the creation
of quality welds. The welds met the strictest degree of construction
EN ISO 5817 level "B". The paper presents an overview of tests of
welded joints necessary for the approval procedure of WPQR
welding procedures. In practice, we often encounter errors in the
production of combined welded joints, where it is necessary to take
into account the specifics of all joined materials when choosing the
technology of welding and joining and also the choice of suitable
additive material.

Fig. 4 Macrostructure of the welded joint of sample S1
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Thermal imaging as an essential inspection procedure for identification of energy efficiency
problematics in albanian existing public buildings
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Faculty of Mechanical Engineering – Polytechnic University of Tirana, Albania
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Abstract: The Energy Efficiency Directive (2012/27/EU) established a set of binding measures to help the EU achieve its 20% energy
efficiency target by the year 2020. New directive is called Energy Efficiency Directive (EED). According to INSTAT (Institute of Statistics)
the share of non-residential building sector in Albania is approximately 20.6 %. Public buildings with all the sub-categories have a
significant contribution on energy demand in buildings. Therefore, according to the new law No.116/2016 “For energy performance in
buildings” since 2018 public buildings with area higher than 250m 2 are subject of this law for certification of energy performance in
buildings. Regarding the National Energy Strategy 2018-2030 Albania’s target is set to 15 % for energy savings in the sector. This article
deals with identification of energy efficiency problems in the public building sector in Albania. Typology of the buildings mainly constructed
before the 1990 has poor energy efficiency measures, due to the lack of the investments. Thermal imaging was identified as an necessary
procedure for scanning of the building. Energy consumption and building characteristics through thermal imaging have been investigated
with the aim to improve the energy performance of the public buildings. This will contribute to optimize the energy efficiency measures by
energy audits.

Keywords: ENERGY EFFICIENCY, THERMAL IMAGING, PUBLIC BUILDING, MEASURES.

1. Introduction

2. Thermal imaging
According to The European Commission definition the energy audit
is defined as “[…] a systematic procedure to obtain adequate
knowledge of the existing energy consumption profile of a building
or group of buildings, of an industrial operation and/or installation
of a private or public service, identify and quantify cost-effective
energy savings opportunities and report the findings. It is obvious
that the legislative framework emphasizes the role identify energy
inefficiencies, to reduce energy inputs and to determine potential
measures for improving energy efficiency and thermal comfort [6].
According to [7] theoretically we can perform three types of energy
audits based on the analytical level: a) walk-through audit which
results on a general visual inspection of the object. The time spent is
relatively short, however a preliminary energy saving potential
could be analyzed; b) standard audit that gives a quantified energy
losses and c) simulation energy audit which is based on deep
inspection and simulation of the energy performance. The three
levels of analysis require energy data collection and processing of
complex results. Thermal imaging is a non-contact technology that
has a wide range application, see Figure 1. Thermal imaging can be
applied during energy audit inspection in buildings. This step will
help to detect the energy heat losses, the thermal insulation
problematic in walls and roofs. Identification of air leakage, thermal
bridges, and moisture presence can be found by thermal imaging
procedure.

Energy consumption in buildings reaches up to 30 % of the total
energy consumption in Europe and USA. This trend is similar for
Albanian energy sector as well. According to INSTAT (Institute of
Statistics) energy consumption of non-residential building is
approximately 20.6 % of the total energy consumption [1]. In the
recent years a number of initiatives in the Albanian energy sector
have been recorded. The Energy Efficiency Directive established a
set of binding measures to achieve the 20% target in Energy
Efficiency (EE) [2]. On the other hand Albania has made a
significant progress in preparation of the National Energy and
Climate Action Plan (NEACP). Establishing the Agency of Energy
Efficiency (AEE) in 2015 [3] was the first steps in this sector,
followed by approve of a number of laws in the sector, such as the
law for energy efficiency, the law for energy performance in
buildings, energy audits etc. In order to quantify the results in the
energy efficiency sector the AEE has issued the law of energy
performance certification in buildings. The realization of this
service will be carried out by licensed energy audit professionals.
Practices of energy audits will be compulsory for energy consumers
higher than 1 GWh, for buildings going under a considerable
reconstruction, applications for Energy Efficiency fund as well as
for buildings that are designated for sale/for rent and public
buildings greater than 250 m2. The energy audits in Albania for
large energy consumers will be estimated once per three years. It is
estimated that the total electricity consumption in Albania is
approximately 8,000 GWh/year. About one third of the electricity
supply comes from import due to Albania’s high dependency on
hydropower. Electricity is often the main energy source for space
heating, especially in urban areas. Share of electricity consumption
in Albanian households according to Eurostat [4] is 31.7 % for
space heating, 29.8 goes for cooking, whereas 21.4 % and 11.7 %
for domestic hot water and lighting/electrical equipment
respectively. Electricity consumption for space cooling is 5.5 %.
According to the National Energy Agency 2018-2030 [5], the
implementation of EE measures up to 2020 has led to a 6.8 %
savings in energy efficiency. It is supposed that by year 2030
energy savings through EE measures will reach op to 15.5 %. This
figure corresponds to a total cost investment of 532 million Euros in
the sector. Energy Audits represents a new reality in the Albanian
energy market, hence specialists, companies, and institutions are
facing a lot of challenges. This paper will focus on the practical use
of thermal imaging in the realization of energy audits in buildings.
The case study is carried out in a public building in the Durres
harbor.

Fig.1 Thermal imager used in in this case Testo 868 [8]
Thermal imaging can be used in electromechanial equipment to
detect problems related to corrosion, damage and other problems
that may result in high impact problem to the facility. Heating
Ventilation and Air Conditioned (HVAC) installations can also be
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detected. However, the use of thermal imaging requires a good
understanding of knowledge related to heat transfer,
thermodynamics, electronics and optics [9]. The accurate use of
thermal imaging will lead to proper diagnosis of building energy
audit. Thermography can be used in entire building to examine heat
and gain losses through building envelope. The main fields of
operation for thermal scanning measurements are: determination of
the percentage of the areas with thermal problems; insulation level
detection; U-value measurements; dynamic characterization of
walls; and moisture content determination [10,11,12].

3. Case study
Thermal examination of an office building in the harbor city of
Durres is used for this case study. The building is placed within the
harbor and the measurements are carried our during winter period in
the beginning of January. A preliminary energy audit is performed
in this case with one day spent in the building. This type of energy
audit consists in quickly determining the energy consumption and
possible energy savings; identification of rapid measures with
almost zero cost for energy saving/improvement; determining the
necessity for standard energy audit. The preliminary audit utilizes
almost ready available or easily obtained data. At the same time this
type of audit is used as a "reference point" for future energy studies.

Fig. 4 Façade view of the office building

Fig.5 Temperature distribution in the window frame

Fig.2 Office building view in Durres during a cloudy day
Data collection about thermo-physical building characteristics,
mode of operation, energy consumption of equipment and other
helpful information were gathered.

4. Results and Discussion
For the thermography analysis in the office building Testo 868 win
an integrated digital camera was used. The visualizing temperature
sensitivity difference is 0.1 oC. The object was examined in seven
different measuring points, see Fig 3 to Fig.7.

Fig. 6 Indoor view of the office building

Fig.3 Thermal imaging of the front view of the building

Fig.7 Temperature variation of the indoor area of the building
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In this case thermal imaging is used as an instrument to quick
inspection of walk-through energy audit. During thermal imaging
we were aware of the physical phenomena taking place and the
interaction between outdoor and indoor environment. The
measurement corresponds to the winter season; however the office
building operated at full capacity. During the day the solar radiation
on the external building surfaces is absorbed and increases its
surface temperature. However, during winter the external surface of
the wall without thermal insulation will have a lower temperature.
In order to avoid the clash of temperature increase as a result of
solar radiation thermal imaging measurements were carried out
during a cloudy day as shown in Figure 2. It is important to mention
that heat absorbed by the surface has an impact that continues in a
few hours. Detecting cold and warm surfaces has a direct negative
impact on thermal comfort. Thermal imaging is an important tool
for detecting thermal insulation that reduces heat losses by
conduction through the building envelope.
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Fig. 8 Temperature histogram profile

5. Conclusions
Energy demand in the building sector is of special challenge.
In 2012, the final energy consumption in this sector was as much as
35% of national energy consumption (EUROSTAT 2015). Also, the
sector was responsible for 75% of the amount of electricity in final
energy consumption. Quality of service with energy supplied to
buildings is much lower than that of the Union European countries.
Usually, public buildings in Albania are partially supplied with
space heating and for a few hours during the day. This article
highlights the latest progress on legal framework done by Albanian
institutions in the recent years. Thus, consolidation of the AEE
leads to a matrix of laws regarding energy performance in buildings
and certification of the process. Energy audit examination requires
knowledge of building characteristics, energy flows and energy
measurement. Thermal imaging is a well-known technology used in
different applications. In this paper an office building placed in the
port city of Durres was examined. The investigation through
thermography was carried out during winter, in a cloudy day. The
results present the temperature distribution on outdoor surface of
the building envelope. Thermal bridges detection is of primary
importance for this case. In order to have a better description of the
temperature profile a thermal imaging of indoor area has been
conducted. Thermal imaging has an important role in walk-through
energy audit and can be used as an essential tool during standard
energy audit.

95

"INDUSTRY 4.0" Issue 3/2021

MEMS based IMU adaptive 3D calibration
Vladimir Kuzmanovic 1, Slobodan Pajic 2
Faculty of Mathematics, University of Belgrade, Serbia1
Guided Missiles Research and Development Department, EDePro, Serbia2
vladimir_kuzmanovic@matf.bg.ac.rs
Abstract: Intensive development of different sensors based on microelectromechanical system (MEMS) technology has led to them being
used in various fields that require simple and frequent measurements. One such application is inertial navigation systems (INS). Due to their
low cost, small size and weight MEMS sensors can be used as a basis for inertial measurement unit (IMU) because they move tog ether with
the object they are attached to, thus reflecting the objects motion. MEMS sensors used for tracking the objects motion usually comprise of a
3-axial accelerometer and a 3-axial gyroscope. Although constantly improving, MEMS technology can not be directly used in INS due to
different sensor inaccuracies such as zero-level bias, various nonlinearities, inaccurate sensitivity and misalignment of the sensor sensitivity
axes. These inaccuracies introduce system error into the INS which needs to be compensated by means of various calibration methods. In
this paper, we present a time efficient and adaptive 3D calibration method based on simultaneous motion of all axes on a 3 -axes precision
turntable. The calibration procedure for accelerometers as well as gyroscopes will be explained in detail. Finally, the results of the
calibration will be discussed and conclusions drawn.
Keywords: IMU calibration, triaxial MEMS, least squares method
that will be used in the estimation process. Least mean square
algorithm or heuristic methods can be used to estimate the unknown
parameters [23-25].

1. Introduction
Intensive development of different sensors based on
microelectromechanical system (MEMS) technology has led to
them being used in various fields that require simple and frequent
measurements [1-3]. One such application is inertial navigation
systems (INS). MEMS sensors used for tracking the objects motion
usually comprise of a 3-axial accelerometer and a 3-axial
gyroscope. Nowadays, 3-axial gyroscope and a 3-axial
accelerometer are readily available in a single and compact
package, which makes the design of the IMU significantly easier
and significantly cheaper. The packaging of MEMS sensors is
usually small in size and lightweight, so their impact on the
observed motion is negligible. Also, these sensors consume a small
amount of energy which makes them suitable for energy efficient
devices as well as many other commercial applications due to their
low cost.

In this paper, we present a time efficient and adaptive 3D
calibration method based on simultaneous motion of all axes on a 3axes precision turntable. Besides the introductory section, the paper
is organized in 4 more sections. Section 2 introduces the sensor
model as well as the measurement model. The next section explains
the proposed calibration procedures. Section 4 presents the obtained
results. Finally, section 5 contains the conclusion and ideas for
future work.

2. Sensor and measurement models
In order to implement the navigation and alignment algorithms
and make the inertial navigation system functional, calibration of
the sensor errors has to be performed. Besides the mathematical
model of the sensors, the calibration also requires a predefined
motion profile so that a measurement model can be created.

Given all the properties of the MEMS sensors, they can be used
as a basis for inertial measurement unit (IMU) because they move
together with the object they are attached to, thus reflecting the
objects motion. Although constantly improving, MEMS technology
can not be directly used in INS due to different sensor inaccuracies
such as zero-level bias, various nonlinearities, inaccurate sensitivity
and misalignment of the sensor sensitivity axes [4]. Zero-level bias
or bias error is defined as deviation from a zero measurement or
measured acceleration when the sensor is not subject to any
acceleration, i.e. when it is stationary [2,4]. Scale factor corresponds
to the ratio of input-output changes or the sensibility of the sensor.
Misalignment represents the mounting error in the fabrication
process that results in non-orthogonal axes in the sensor body frame
[5]. Besides these errors, sensor outputs usually differ with
changing temperature, so for optimal sensor performance some
form of temperature stabilization is required. Temperature
stabilisation can be achieved either by waiting for the sensor to
reach operating temperature or by stabilizing the sensors
temperature by using external devices.

2.1 Sensor model
In order to do so, the sensor model has to be introduced first:

These inaccuracies introduce system error into the INS which
needs to be compensated by means of various calibration methods
[6-20]. Navigation systems that use inertial sensors are heavily
affected by these errors because the errors accumulate over time,
thus degrading the position accuracy causing severe drifts [21,22].
These errors can be modeled and compensated through a calibration
process in which the sensor outputs are compared with known
reference information. This knowledge is used to estimate the
coefficients in order to make the sensors outputs and known
reference information coincide with each other. Usually, a precision
turntable is used to create the known reference information. The
inertial measurement unit is mounted into the turntable and
subjected to various predefined motions to create a range of data

Parameters in the model are denoted as follows:


– Accelerometer errors in projections on
the body frame.
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– Gyro errors in projections on the body
frame.
– Accelerometer biases.
– Accelerometer scale factors.



– Accelerometer installation errors



– Specific force projections.

.
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– Gyro biases.



– Gyro scale factors.



– Gyro installation errors




.
Taking these projections into consideration as well as the sensor
model, the measurement model is the following:

– Flexure errors.
– Absolute angular velocities in projections on the
body frame.

Flexure errors will not be considered in the remainder of the
paper, which leads to a much simpler sensor model that can be
expressed in matrix form:
Using the above method to create a measurement model, it is
possible to define the accelerometer and gyro indications for the
different rotation angles of the IMU. With the measurement model
defined in this way and with the help of the least squares method it
is possible to determine the unknown parameters described in the
sensor model.

3. The proposed calibration method

Besides these errors sensor outputs usually differ with changing
temperature. Thermal dependence of the MEMS sensor outputs
should be included into the sensor model if the sensor is to be used
in an IMU that is not thermally stabilized. This dependence can be
evaluated by performing the calibration procedure at different
temperatures of the sensor. In this paper, thermal dependence of the
sensor is not included in the model, because the IMU used is
thermally stabilized at the temperature value recommended by the
MEMS supplier.

The proposed calibration method separately calibrates
accelerometers and gyros in the IMU. The proposed method is
based on simultaneous rotations of the turntables axes. Rotating all
three axes simultaneously leads to a much faster calibration process.
3.1 Accelerometer calibration
According to the sensor model introduced above, output signals
of the accelerometer can be expressed as a sum of g independent
biases along the body axis and matrix product of a 3x3 matrix of g
dependent biases induced by accelerations along the body axis and a
vector of measured signals in the body frame. Diagonal elements of
the matrix represent the scaling factors of the accelerometers axes
while other coefficient in the matrix represents the axes
misalignment or cross-coupling coefficients.

2.2 Measurement model
The goal of the calibration procedure is to determine the
unknown parameters from the sensor model. For the calibration
procedure to be successful IMU axes have to be determined first.
The axes of the IMU can be labeled X, Y, Z and should coincide
with North, East and Up directions of movement. When mounting
the IMU onto the 3-axes precision turntable, its axes should be
oriented precisely with respect to the local-level frame. By rotating
the IMU axes with respect to the local level frame by the different
angles, the measurement model for the calibration can be created.
The extraction of the unknown parameters from the sensor model is
possible due to the different projections of the Earth rotation rate U
and apparent gravity vector g on the body frame in the different
IMU positions.

The calibration is performed as a series of measurements at
predefined turntable positions. In the i-th predefined position the
accelerometer measurements can be expressed as:

In order to reduce the output measurement noise, the IMU is
stationary in each of the predefined positions and output signals are
averaged over this time period, thus reducing zero-mean random
biases. The 3-axes turntable is used for precision positioning of the
IMU. Rearranging the accelerometer measurements we obtain the
following matrix representation for each axis over n measurements:

The initial position of the IMU should be the following:

Projections of the Earth’s rotation rate U on the body axes of
the IMU at given latitude are the following:

Projections of specific force on the body frame are the
following:

The accelerometer and gyro measurements in this case
according to the sensor model can be written as:

Rearranging the equations above it is possible to form a single
matrix expression that represents the calibration procedure, i.e. the
calibration equation. This is achieved by combining all the vectors
on the right side into a single matrix and performing the same
operation on the vectors on the left side which represent bias and

Similarly, by rotating the local level frame by 90 degrees about
the Y axis, we obtain the following projections:
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cross-coupling coefficients for every axis. The calibration equation
is the following:
In the equation above, the symbol T represents matrix transpose
and the symbol (-1) represents matrix inverse.
3.3 Adaptability
The proposed method is adaptive in the sense that it is
applicable to any motion profile and any type of IMU. Also, the
method is applicable not only to MEMS IMU units, but also to any
IMU built with any type of accelerometer and gyroscope sensors
organized so that triaxial measurements are supported. Since
accelerometers and gyroscopes are calibrated separately, this
method can be applied to any 3-axial accelerometer as well as any
3-axial gyroscope independently.

In short, the calibration equation can be represented in matrix
form:

In the equation above, values
and
represent the
accelerometer indications for different rotation angles of the IMU
which are calculated from the measurement model and IMU
accelerometer sensor outputs respectively. Value X is the unknown
parameter that has to be determined. X is the matrix of crosscoupling coefficients and biases that have to be determined for the
calibration to be successful. The calibration equation can be solved
by least-squares method. When applied, the least squares method
yields the following result:

There are no physical limitations to motion profiles that are
supported except the limits of the sensors used. The only existing
limit is computational, because the method is represented by the
calibration equation. The calibration equation is a system of linear
equations. By Kronecker-Capelli theorem a system of linear
equations Ax = B has a solution if and only if the matrix of
coefficients A has its rank equal to the number of columns. Thus,
when designing the motion profile care needs to be taken so that the
matrices and have its rank equal to 4.

In the equation above, the symbol T represents matrix transpose
and the symbol (-1) represents matrix inverse.

The turntable has to be used for gyro calibration, because the
rates of rotation need to be as stable as possible. For accelerometer
calibration expensive equipment is not needed, because it consists
of a series of measurements in predefined positions. A simple
positioning model, i.e. a polyhedron, can be 3D printed and thus
simulate the turntable’s positioning in accelerometer calibration.

3.2 Gyroscope calibration
According to the sensor model introduced above, output signals
of the gyroscope can be expressed as a sum of biases along the body
axis which may possibly depend on g and g2 drifts and matrix
product of a 3x3 matrix of biases induced by rotation along the
body axis and a vector of measured signals in the body frame.
Diagonal elements of the matrix represent the scaling factors of the
gyroscopes axes while other coefficient in the matrix represents the
axes misalignment or cross-coupling coefficients. In this paper g
and g2 bias dependencies will be ignored.

4. Results
Accelerometer calibration is performed as a series of
measurements in predefined positions. At each position the
turntable is stationary for a period of 30 seconds. During this period
the data is averaged to produce a single measurement with zeromean bias reduced as much as possible. At the beginning of the
calibration the turntable’s axes are positioned at zero. After each
measurement the turntable’s axes are simultaneously rotated by 5
degrees. When the turn table returns to the starting position the
recording is stopped. This yields a total of 72 positions and 72
recordings that will be used in the calibration equation. After the
recording is ended, the obtained accelerometer errors are displayed
in figure 1.

The calibration is performed as a series of measurements at
predefined turntable rates. During the calibration the turntable
simultaneously rotates all 3 axes at a constant rate. In order to
reduce the output measurement noise, the IMU is stationary in each
of the predefined positions and output signals are averaged over this
time period, thus reducing zero-mean random biases. The i-th
sensor measurement can be expressed as:

The same rearranging process we applied on the accelerometer
measurements is also applicable here. After the combining of
equations we obtain the following gyro calibration equation:

Figure 1. Accelerometer errors

After the calibration equation is solved with the least-squares
method, the data is compared again and the calculated
accelerometer errors are shown in figure 2.

In short, the calibration equation can be represented in matrix
form:

In the equation above, values
and
represent the gyro
indications for different rotation angles of the IMU which are
calculated from the measurement model and IMU gyro sensor
outputs respectively. Value X is the unknown parameter that has to
be determined. X is the matrix of cross-coupling coefficients and
biases that have to be determined for the calibration to be
successful. The calibration equation can be solved by least-squares
method. When applied, the least squares method yields the
following result:

Figure 2. Accelerometer errors after calibration
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Gyro calibration is performed as a series of measurements at
predefined turntable rates. The rates are constant and range from 0
to 200 degrees/s in steps of 10. At each rate, the turntable maintains
constant rate for a period of 60 seconds. The data recorded at each
rate is averaged to produce a single measurement with zero-mean
bias reduced as much as possible. This yields a total of 21
measurements and 21 recordings that will be used in the calibration
equation. In order to ensure that the matrix has rank 4, the desired
turntable rate i is projected to the turntable axes in the following
manner:

4. L. Ma, W. Chen, B. Li, Z. You, Z.Chen, Fast Field
Calibration of MIMU Based on the Powell Algorithm, Sensors
2014, 14, 16062-16081 (2014)
5. Y. Dong: MEMS inertial navigation system for aircraft,
Automot. Aerosp. Appl., 177-219, (2013)
6. P. Zhang, X. Zhan, X. Zhang, L. Zheng, Error characteristics
analysis and calibration testing for MEMS IMU gyroscope,
Aerospace Systems (2019)
7. D. Teadaldi, A. Pretto, E. Menegatti, A Robust and Easy to
Implement Method for IMU Calibration without External
Equipments, Proceedings – IEEE International Conference on
Robotics and Automation (2013)
8. Z. Chen, J. Lai, J. Liu, R. Li, G. Ji, A Parameter SelfCalibration Method for GNSS/INS Deeply Coupled Navigation
Systems in Highly Dynamic Environments, Sensors (2018)
9. B. Liu, Sh. Wei, G. Su, J. Wang, J. Lu, An Improved Fast SelfCalibration Method for Hybrid Inertial Navigation System under
Stationary Condition, Sensors (2018)
10. P. Schopp, L. Kingbeil, C. Peters, A. Buhmann, Y. Manoli,
Sensor Fusion Algorithm and Calibration for Gyroscope-free IMU,
Proceedings of the Eurosensors XIII conference (2009)
11. Y. Xiao, X. Ruan, J. Chai, X. Zhang, X. Zhu, Online IMU SelfCalibration for Visual-Inertial Systems, Sensors (2019)
12. A. Kuderle, S. Becker, C. Disselhorst-Klug, Increasing the
Robustness of the automatic IMU calibration for lower Extremity
Motion Analysis, Current Directions in Biomedical Engineering
(2018)
13. V. Rodriego Marco, J. Kalkkuhl, J. Raisch, T. Seel, A Novel
IMU Extrinsic Calibration Method for Mass Production Land
Vehicles, Sensors (2020)
14. M. Dong, G. Yao, J. Li, L. Zhang, Calibration of Low Cost
IMU’s Inertial Sensors for Improved Attitude Estimation, Journal of
Intelligent & Robotic Systems (2020)
15. T. Pylvanainen, Automatic and adaptive calibration of 3D field
sensors, Applied Matematical Modeling 32 (2008)
16. Ch. Dong, Sh. Ren, Xi. Chen, Zh. Wang, A Separated
Calibration Method for Inertial Measurement Units Mounted on
Three-Axis Turntables, Sensors (2018)
17. R. Zhang, F. Hoflinger, L. M. Reindl, Calibration of an IMU
Using 3-D Rotation Platform, IEEE Sensors Journal, Vol 14, No 6,
(2014)
18. Y. Deng, B. Zhou, Ch. Xing, R. Zhang, Multyfrequency
Exicitation Method for Rapid and Accurate Dynamic Test of
Micromachined Gyroscope Chips, Sensors (2014)
19. V.V. Avrutov, M.D. Geramichuk, X. Xingming, 3DCalibration for IMU of the Strapdown Inertial Navigation Systems,
MATEC Web of Conferences 113, 01013 (2017)
20. Wahydi, A. Susanto, W. Widada, S. P. Hadi, Simultaneous
Calibration for MEMS Gyroscopes of the rocket IMU, Advanced
Materials Research Vol. 896 (2014)
21. K. Alexiev, Algorithms for IMU Navigation – A Review,
Bulgarian Academy of Sciences (2019)
22. M. Geitzelt, K. Wolf, M. Marschollek, R. Haux, Performance
comparison of accelerometer calibration algorithms based on 3Dellipsoid fitting methods, Computer methods and programs in
biomedicine III (2013)
23. S. Dhalwar, R. Kottath, V. Kumar, A. N. J. Raj, S. Poddar,
Adaptive parameter based particle swarm optimisation for
accelerometer calibration, ICPEICES, 1–5 (2016)
24. S. Karnawat, E. Rufus, V. Karar, S. Poddar, Accelerometer to
accelerometer calibration using particle swarm optimization,
RTEICT, 1502–1506 (2017)
25. X. Lu, Z. Liu, J. He, Maximum likelihood approach for lowcost MEMS triaxial accelerometer calibration, IHMSC, 179-182
(2016)

Projecting the desired rate to the turntables axes in this manner
creates a nonlinear dependence among columns, thus ensuring that
the rank of matrix
is 4. At the beginning of each recording the
turntable’s axes are positioned at zero. Figure 3 shows the obtained
gyro errors after the recording has ended.

Figure 3. Gyro errors

After the calibration equation is solved with the least-squares
method, the data is compared again and the calculated gyro errors
are shown in figure 4.

Figure 4. Gyro errors after calibration

5. Conclusion
In this paper we presented a method for calibration of MEMS
based inertial measurement units. The method is based on angle
rotations and proposes that the calibration be performed by
simultaneous rotation of three axes of a precision turntable and least
squares method. In the paper we discussed the adaptability of the
method as well as its limitations. Finally, we presented the results
we obtained when we applied the proposed method to a MEMS
based inertial measurement unit.
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2. Wavelet transform (wd)

1. Introduction

The Wavelet Transform is considered to be suited
for speech processing because of its similarity to how the human ear
processes sound. It is a multi-evolutional and multi-scale analysis.
The three methods of wavelet transform utilized are Discrete
Wavelet Transform (DWT), Wavelet Pattern Decomposition
(WPD) and Discrete Wavelet Pattern Decomposition (DWPD) are
given below. Information about non-stationary signals like audio
can be extracted by using DWT as it is a relatively recent and
computationally efficient technique for feature extraction. WPD is
simply a generalization of DWT and it is a more flexible and
detailed method than DWT. In WPD, the speech signal is
decomposed into low frequency components and high frequency
components at each level like in DWT but the key difference
between DWT and WPD is that the discrete wavelet transform is
introduced to the low pass result. WPD differs as it applies the
transform step to both the low pass and the high pass result. The
main advantage of a DWPD algorithm is that it decomposes both
high frequency bands into more partitions but additionally saves
complexities in computation. Wavelet Transform techniques have
been shown to improve the efficiency of ASR system [2].

Automatic Speech Recognition systems is used in order to
converting a speech signal into a sequence of words. The purpose of
evaluating ASR systems is to improve or to make it easy for the
humans in order to measure their utility especially when comparing
systems. The standard metric of ASR evaluation is the Word Error
Rate, which is defined as the proportion of word errors to words
processed. ASR has matured to the point of commercial
applications by providing transcription with an acceptable level of
performance which allows integration into many applications. In
general, ASR systems are effective when the conditions are well
controlled. Nevertheless, they are too dependent on the task being
performed and the results are far from ideal, and especially for
Large Vocabulary Continuous Speech Recognition (LVCSR)
applications. This later still one of the most challenging tasks in the
field, due to a number of factors, including poor articulation,
variable
Speaking rate and high degree of acoustic variability caused by
noise, side-speech, accents, sloppy pronunciation, hesitation,
repetition, interruptions and channel mismatch, and/or distortions.
To deal with all these problems, there has been a plethora of
algorithms and technologies proposed by the scientific communities
for all steps of LVCSR over the last decade: pre-processing, feature
extraction, acoustic modeling, language modeling, decoding and
result post-processing. Nevertheless LVCSR systems are not yet
robust with error rates of up to 50% under certain conditions
[1],[3].The persistent presence of ASR errors motivates the attempt
to find alternative techniques to assist users in correcting the
transcription errors or to totally automate the correction process.
Manual errors correction is often tedious and time consuming.
Hence automatic detection and correction of ASR errors has
become an important research area, not only for improving speech
recognition accuracy but also for avoiding the propagation of the
errors to the post recognition process (e.g. Machine translation and
Human-Computer interaction). The aim is to be able to
automatically detect, classify, and then partially or fully correct
errors, regardless of the ASR system used. This can be very
effective, and particularly when the ASR system is used as a blackbox and the user does not have access to tune the features, the
models or the decoder of the ASR system. In the present paper we
present an overview about ASR errors and the stat-of-the-art
techniques for their detection and correction so as to provide a
technological perspective and an appreciation of the fundamental
progress that has been made in this field [1].
The performance of any ASR system is evaluated in function of
the error rate. The aim of ASR evaluation isto provide a comparison
criterion between different systems or techniques and to measure
the performance and the progress on specific tasks based on errors
statistics. There are two key areas related to ASR errors, the first
one is the reference-recognized alignment which consist of finding
the best word alignment between the reference and the automatic
transcription and the second one is the evaluation metrics measuring
the performance of the ASR systems.

2.2 Improvements in the existing ASR system
It is necessary to develop unique hybrid methods that will lead
to high performing ASR applications. In order to obtain better
accuracy, in prosodic, text pre-processing and pronunciation fields
there is still a lot of research and innovations that are needed. Mel
filters; Linear Prediction (LP) and Gamma tone filters have proven
to be effective features for speech and speaker recognition tasks.
MFCCs as was previously discussed are usually computed by
integrating short-term spectral power using a Mel-scaled filter bank
(Mel FB) that typically consists of overlapping triangular filters
with GFCC being the Gammatone filter equivalent. Both MFCC
and PLP features perform well under matched training and test
conditions but the performance gap between automatic speech
recognizers (ASRs) and human listeners in real world settings is
significant [3].
Varied operating conditions during signal acquisition such as
channel response, handset type, ambient background noise,
reverberation and so on leads to features not being correctly
matched across training and test utterances, thereby degrading the
performance of the MFCC. LP, and GFCC based recognizers.
In [2] et al, it is stated that warping the DFT directly instead of
using filter bank averaging provides “a more precise approximation
of the perceptual scales”. This was a study on additive noise
degradation in ASR systems. There is a large body of research on
improving the robustness of speech recognition systems under
adverse acoustic environments. Environment compensation
methods can be applied at the front end feature domain or at the
back end model domain or can be applied on areas of the ASR
system. Fast Fourier Transform (FFT) and Discrete Fourier
Transform (DFT) are fundamentally alike; with the only difference
being that FFT is faster. Warped DFT or FFT based features have
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been found to provide lower recognition error rates than the DFT
based cepstral features.

features computed from the Mel-warped DFT spectrum-based frontends (WDFT, WDFT-LP) provided lower recognition error rates
than the conventional MFCC and PLP on the AURORA-4 corpus.
The presented speech spectra and experimental speech recognition
results on the AURORA-4 LVCSR task demonstrated the
robustness of the WDFT and WDFT-LP based cepstral features [3].

In the conventional MFCC front-end, processing of a speech
signal begins with the pre-processing stage. This involves DC
removal and pre-emphasis using a first-order high-pass filter with a
transfer function followed by a Fourier transform being applied as
was previously discussed. Transforming a linear frequency scale to
a non-linear frequency scale is called frequency warping. One
technique to achieve frequency warping is to apply a nonlinearlyscaled filterbank, such as a mel filterbank, to the linear frequency
representation. Another way is to use a conformal mapping, such as
the bilinear transformation which preserves the unit circle .

clean

The equation above is an example of warped DFT. DFT is
achieved by applying the FFT algorithm. In warped DFT or FFT the
positions of the frequency peaks are modified by using an all-pass
transformation to warp the frequency axis. Then, uniformly-spaced
points on the warped frequency axis are similar to non-uniformly
spaced peaks on the original frequency axis. By picking the warping
parameters sensibly, one can place some of the frequency samples
in close proximity to each other to provide higher resolution in the
frequency range of interest without increasing the length of the
DFT. Utilizing this frequency warping, one can improve the
spectral representation of speech signals in the low frequency
region [4].

A

B

Avg.

LP

10.31

48.78

29.545

GAMMATONE

10.79

41.45

26.12

Table 1: Word error rates (WERs in %) obtained by the various
feature extractors considered in this paper, on the AURORA-4
LVCSR corpus under clean training conditions. The model order
selected in this task is: p = 24 for WDFT-LP and p = 14 for PLP.
The lower the WER the better is the performance of the feature
extractor.

4. Conclusions
The experimental results above indicates that warping the DFT
or FFT spectrum directly provides a more precise approximation to
the perceptual scales than using filter bank averaging. It is also
important to note that by applying the DFT spectrum directly,
avoids using the filter banks in the conventional manner.
Additionally, as evidenced by the primary research conducted , it
has been shown that directly using FFT spectral values using
features that that incorporate a PLP scale; can bypass the filter bank
step in speech processing.
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manufacturing on a flexible and fast basis are needed. Therefore,
the business model of online hubs allows users to upload CAD
geometry data via an online portal and select material and quantity
(see Fig. 1). Then, the object can be ordered and is shipped to the
customer after its additive production. The internal geometry
processing algorithm and the cost modelling leading to the instant
feedback of price and delivery times. Based on those data, the
customer decides. These hubs follow the approach of a modular
structure to effectively handle and manage the objects [12]. The key
aspect of the decentralized solution is the optimal placement of
components from different customers in the building chamber to
keep costs as low as possible (nesting). Also, proper and accurate
cost accounting is necessary to find the optimal way between own
production costs and the offer for the customers. First studies have
already dealt with the automated cost calculation especially for
online hubs and have shown, that significant increases in efficiency
of order processing can be achieved [13].

1. Introduction
The paradigm of Industry 4.0 is digitally and technologically
driven. The production environment is reacting to the changes in the
consuming market. Product life cycles are shorting and individual
solutions are getting more important [1]. Multiple approaches have
been made to overall describe the paradigm. As one result of a
bibliometric approach, Industry 4.0 could be defined as the
implementation of cyber-physical systems for creating smart
factories by using the internet of things, big data, cloud computing,
artificial intelligence and communication technologies for
information and communication in real-time over the value chain
[2].
One of the key drivers for cyber-physical systems in Industry
4.0 is the production technology of additive manufacturing. The
layer-wise production allows enormous complexity of objects as
well as function integration and geometry-close contours. For
metals, the process of Laser- Powder Bed Fusion (L-PBF) is one of
the most popular production methods [3]. The process consists of
applying a layer of powder and then melting the required cross
section with one or more lasers. This is repeated until the desired
object is generated [4]. In recent years, there has been increased
research into the applicability and further technical development of
additive manufacturing. Nowadays, a wide range of materials can
be used, including various metallic materials such as Steel Alloys,
Titanium and Aluminium [5]. Another technical aspect of the
research was the implementation of additive manufacturing in the
production processes with the help of computers, software,
networks and big data processing [6]. The connection of the virtual
and physical components throughout the entire product lifecycle
leads to Direct Digital Manufacturing (DDM) [7].

Fig. 1 Process of Direct Digital Manufacturing via online hubs.

In general, cost accounting for additive manufacturing is
increasingly being discussed in the scientific community. Various
cost accounting models have been developed, varying on the focus
of individual equipment aspects [14]. The level of detail of the
models also increased with the developments made. Aspects such as
build time, energy consumption and orientation in the building
chamber were included and became part of some cost models [15].
One of the main cost drivers is the number of ordered components.
In addition, the complexity of the components is a decisive factor
for reworking, since the individuality of the human worker is still
required for most post processes.

On the economic side, DDM eliminates the need for tooling and
moulds for conventional manufacturing processes which leads to
very low investments per object, especially for small quantities [8].
The larger the number of identical objects to be manufactured, the
less profitable the additive process becomes. The fixed costs for
toolmaking at conventional manufacturing are thus better
distributed to each produced object. Some studies confirm that
DDM has a good economic chance, especially for low-volume
production [9, 10]. Another aspect favouring DDM is the
decentralized supply chain. Components can be manufactured
locally on demand when they are needed. This also gives rise to
new business models, for example, the so-called digital spare parts.
This newly gained flexibility makes the model of DDM interesting
from a quantity of one. Nevertheless, there are still higher one-time
investments to do when considering in-house additive
manufacturing both on the machine as well as the human side [10].
Training and knowledge must be acquired to supervise and manage
the complex process. This is a huge challenge when it comes to
adoption in the industry, especially for small and medium sized
enterprises (SMEs) [11]. Alternatives such as external additive

As commonly agreed by researchers, the online hub model is
characterized by several opportunities [16, 17]. Especially for
urgent spare parts which are not in stock, this process is time- and
cost-saving. Additionally, the external and decentralized model
allows high flexibility for the customers. Geometry data could be
adjusted and improved internally within hours when it comes to
unforeseen damage or changed conditions or requirements. Despite
the advantages, the model of hubs is more expensive compared to
subtractive manufacturing with existing tooling. Also, the quality of
the additive process still is in research and could lead to
certification issues. Another problem is the smaller circle of
available materials. Currently, Aluminium, Steel and Titanium are
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the most used materials. Besides the technological part, also the
economic part is very important when it comes to decision making.
Currently, cost models are not fully developed yet. Often, individual
process steps are not sufficiently highlighted and cost accounting
varies significantly. To strengthen the acceptance and uniformity of
additive manufacturing online hubs, the present study investigates
the role of cost accounting models of metal objects produced by LPBF. Baldinger and Dutchi have done similar research in cost
models for Polyamide 12 (PA 12) and Selective Laser Sintering
(SLS) [18]. In contrast to their approach to plastic materials, the
present study aims to evaluate metal material. Additionally, the
methodology aims to select the online hubs more accurately.

Within the specifications of the systematic research, 32 hubs
have been found. With further analysis, 4 hubs do not fully work as
an online portal. The geometry has to be sent and transmitted via
other tools. 12 hubs do not have instant quoting. Pricing feedback
does not work for 2 online hubs (error message). As seen in Fig. 3,
14 out of 32 online hubs support online portals and instant quoting
as defined in the methodology (44%). Overall, the online hubs have
little transparency about the actual condition of the delivered
component. Most of the hubs do at least remove the powder as well
as the support structures. There are also minimum requirements for
the size of the object as well as the minimum order quantity in
terms of price. However, the developed methodology provides data
of 14 different online hubs for every 3 materials, 3 complexities as
well as 4 different sizes.

Three research questions are more closely investigated in the
following. Data is analysed whether cost accounting of metal parts
for online hubs considers the complexity of the object and bulk
orders in their pricing models. Additionally, the pricing difference
between the several hubs is investigated. The results are
systematically investigated and the generated data is analysed and
presented. Afterwards, the results and the research questions are
discussed. This novel approach leads to the first economic insights
into the maturity of the online hubs.

Fig. 3 Available online hubs within the methodology.

2. Methodology
The methodology for the present research consists of two key
aspects. On the one hand, test geometries have been developed. On
the other hand, the functional scope of the online hubs is defined
and systematic research is conducted to identify proper hubs. The
data collection is then carried out manually. The test geometries
consist out of three complexity stages and four volume sizes. To
increase the complexity, the quotient of surface to volume is
increased. This is done by including holes and shapes in multiple
forms. Additionally, the holes are placed in multiple axes. This will
increase the use of supportive structures during the process of
production and the effort to remove the structures after the process
by hand. As shown in Fig. 2, the complexity stages are low,
medium and high. For one size, the volume of each dice, as well as
the length of one edge, stays constant within the complexity levels.
So, the change of the complexity will not affect the building height
and the material price in the data analysis. The dimensions of the
dice are “very small” (edge length of 6mm), “small” (12mm),
“medium” (60mm) and “big” (120mm). As materials, Aluminium,
Titanium and Steel (316L) are in the scope of analysis.

3. Results
Overall, 778 data sets have been generated by geometry uploads
and analysed afterwards. One data set is defined as one geometry
with one complexity and one size which is connected to one price.
Therefore, most data sets with the material of Aluminium are
available (335, about 43%). 316L is about 39% of all data (305) and
Titanium about 18% (146).
The data was structured and analysed by using a statistical data
program. The main focus was on the research questions beginning
with the analysis of the complexity. As shown in Fig. 4, most online
hubs do not consider the complexity within their calculation
models. 87 pricing responses had a variation of 0%-1% if
complexity is increased from low to high. 8 pricing responses had a
variation of more than 4% in their pricing due to complexity.
Additional, as shown, 4 prices have been decreased even though the
complexity of the part was increased. It could be assumed, that most
online hubs do not consider the complexity of the object, moreover
the volume itself respectively the box volume is used for
calculations.

Fig. 2 Developed complexity of geometries for the online hub analysis.
Fig. 4 Pricing difference between low and high complexities of metal parts
at online hubs.

To find the online hubs, a systematic web search is developed.
The keywords are in English and German language and focused on
internationality as shown in Table 1. In addition, further factors are
determined which has to be fulfilled. These are a direct upload of
the CAD file via an online portal, instant pricing feedback as well
as a fully automated online ordering process without contact to
physical persons. Within these boundaries, a systematic and
methodical approach is developed.

To analyse the economies of scale, prices per object for quantity
one and quantity 500 were investigated. Therefore, the standardized
price for one cm3 is calculated. Fig. 5 compares the pricing
differences for small parts orders (left) and big parts orders (right)
for the defined quantities. The analysis shows, that prices mostly are
not influenced by the number of ordered objects. Especially for big
parts, constant pricing is not related to the number of ordered
objects (iii, Fig. 5). For small parts, a little group of online hubs use
the effect of bulk orders in their cost accounting models (ii, Fig. 5).
Most hubs do not calculate with economies of scale (i, Fig. 5). This
trend is not related to the materials of Aluminium, 316L or
Titanium. It can be assumed that most cost accounting models for
online hubs do not consider bulk orders in their pricing models.

Table 1: Keywords for the systematic search of online hubs
Technology

Material

“3D Printing”,
“Additive
Manufacturing”,
“Rapid Prototyping”,
“3D Druck”

“Metal”,
“Aluminium”,
“Titanium”, “Steel”,
“316L”, “Metall”,
“Titan”, “Stahl”

Manufacturing
Process
“SLM”, “DMLS”,
“Selective Laser
Melting”, “L-PBF”,
“Laser Powder Bed
Fusion”, “EBM”
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methodology and use different geometries. This would highlight
possible weaknesses as well as strengths even more clearly.
However, this will not help the overall goal of improving the cost
accounting models.

Fig. 5 Economies of scale for pricing at online hubs (small parts, left; big
parts, right).

Moreover, Fig. 5 represents a reference to the average relative
price (€/cm3). Aluminium starts at about 2 €/cm3 for small and
5€/cm3 for big parts, as well as 316L. For Titanium, prices start at
about 4€/cm3 for small parts and about 15€/cm3 for big parts (see
Fig. 5).

As shown in the present research, online hubs show a lack of
transparency regarding the condition of the produced part, its postprocessing and the shipping. Points such as the removal of the
support structures, the alignment of the components in the build
space, as well as the production parameters and the associated
properties cannot be viewed. In addition, the de-powdering is not
assigned to the price. Online platforms could provide the user with
simple tools to define functional areas or apply for tolerances. This
would allow the hubs to be directly integrated into the DDM.
When discussing the research results and research questions, it
is clear that online hubs do not take complexity into account.
Increasing complexity in all building directions requires much more
complex rework and longer de-powdering. 78% of the reported
prices for a rise in complexity increase by a maximum of 1% (see
Fig. 4). This indicates that only the material volume and the box
volume have an impact on the price in the cost model. Also, due to
more complex geometries, more support structures are required
which might lead to a little increase of 1%-2% in pricing. During
post-processing, where the rising complexity is mainly reflected,
this does not seem to be implemented in the model or a package
price is charged. Especially cavitation and near-contour channels
play a major role in de-powdering and especially in support
removal.

For the analysis of the third research question, a boxplot of the
prices for the three materials in relation to the multiple geometry
sizes is illustrated in Fig. 6. The prices are calculated as an average
of the complexity, whereas Fig. 4 has shown that complexity has
very little influence on pricing differences. The lowest price for
each size and material is used as a basis (100%, Fig. 6). Pricing
differences show that especially for small parts of 316L and
Aluminium there are high price ranges of up to 1,400%. For
Titanium, the pricing ranges of bigger parts are higher than for
small parts. In an absolute comparison, ranges are much lower than
for 316L and Aluminium.

Additionally, only a small group of price data takes bulk orders
into account (Fig. 5, left). The effect of economies of scale is
attributable to the distribution of fixed costs and should also be
found in the additive process [19]. Cleaning costs, checking of the
parameters and the machine hour rate can be distributed to all
components in the building job. This effect is mostly realized when
it comes to an increasing number of small components. In Fig. 5, it
can be seen that only three price data have taken this into account,
while for large components the effect did not come into play.
However, the strategy of the online hubs also has to be critically
questioned. If the building chamber of the machines is used to the
maximum and components from different customers are placed in
one order, all fixed costs are already distributed to the components
in a standardized manner.

Fig. 6 Pricing range of online hubs for metal objects with multiple sizes at
quantity one.

The price difference studied in Fig. 6 varies depending on the
material and size of the component. Especially for 316L and
Aluminium, enormously high differences of up to 1400% can be
observed. Due to the higher availability, there are also greater
differences from provider to provider. For Titanium, the differences
are up to 500%.

4. Discussion
Online hubs are a great opportunity for companies to benefit
from the direct production of their components via additive
manufacturing without high initial investments. To analyse the cost
structure of these hubs, a methodology was developed and data
analysed. Unlike Baldinger et al [18], the focus was on L-PBF as
well as metallic materials (cf. SLS; PA 12). Prices of the materials
Aluminium, 316L and Titanium were used as a data basis, with
Titanium having a much lower weighting of 18% proportionally.
This imbalance results from the offers of the hubs themselves,
which on the one hand use Titanium only for larger components and
on the other hand tend to offer Titanium less. For more detailed
investigations, this deficit can be compensated by standardization.
In addition, a rigorous and also limited methodology was used for
data analysis. Due to the focus on the English and German
languages in the research of the available online hubs, the Asian
region may have been pushed into the background. In addition, the
resulting larger database when considering the Asian region would
enable a more substantiated statement. The rapidly developing field
of DDM, additive processes and online hubs require constant new
data collection and evaluation. In a further step, the selection of
materials can also be increased. Nickel and Copper are playing an
increasingly important role in additive manufacturing and can also
be made accessible via online hubs. For a closer look at the cost
models stored in the online hubs, it may also be useful to expand the

Based on the findings of this research study, it is worthwhile for
SMEs and customers to compare several online hubs. In general,
however, enormously high differences can be seen. On the one
hand, this may be due to the new technology and the different
concepts of the hubs. On the other hand, however, an inadequate
cost accounting model in the background can also lead to those
large variances. Machine utilization and the degree of automation
also play a major role. Despite the autonomous mode of the
operating L-PBF systems, a lot of work has to be done manually,
which can be classified as a cost driver.
Basically, the procedure shows that several online hubs might
use different cost models for pricing their components. Since there
is no transparent insight into the procedure, only conclusions can be
drawn based on the available data. However, the wide price ranges
and the failure to take complexity into account, in particular, is
strengthening this thesis. The existing practice deficit has thus been
proven.
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5. Conclusion
Online hubs can fill the investment gap that has emerged for
SMEs. Additive manufacturing via online hubs is an attractive
option for companies. Nevertheless, the cost models used for
pricing do not yet seem to be able to fully reflect the complexity of
an additive manufacturing process and its post-processing. This is
shown by the present research. Further priorities can therefore be
placed on the development of a holistic cost accounting model. In
addition, complexity and economies of scale must move into the
focus to meet with acceptance in the economy.
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Abstract: Industry 4.0 has brought about the interconnection of the physical, cyber and socio-economic worlds. Bringing these three worlds
together creates a revolutionary approach that is a new trend not only in industry but also in other areas of the economy, thus pushing the
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intention of dynamically managing complex systems [10, 11].
Industry 4.0 is characterised by the use of intelligent products and
processes, enabling autonomous data collection and analysis, and
interaction between products, processes, suppliers and customers
over the Internet [12]. Industry 4.0 is associated with cyber-physical
systems (CPS) that are integrated into manufacturing operations and
with Internet of Things (IoT) technologies into industrial processes,
which can be represented by smart factories, smart products and
extended value networks-vertical, horizontal and end-to-end
integration [13, 14].

1. Introduction
The Fourth Industrial Revolution is a new way of organizing the
means of production, the processes and all the organizational
structures of the manufacturing and service industries. Through
applications derived from scientific progress and technological
development, a new way of doing is formulated in the business
environment. The Fourth Industrial Revolution involves a
transformation of processes, objects and consumer goods, as well as
the way to acquire them, through a sudden break with the old
methods of production that flourished during the Third Industrial
Revolution [1]. The Fourth Industrial Revolution, also labelled
Industry 4.0, was beget with emergent and disruptive intelligence
and information technologies. These new technologies are enabling
ever-higher levels of production efficiencies. They also have the
potential to dramatically influence social and environmental
sustainable development [2]. The Fourth Industrial Revolution is
also referred to as Industry 4.0. It represents the interconnection of
multiplied distributed artificial intelligence and making it available
to human operators. In more detail, the multiplied and distributed
artificial intelligence can be explained by cyber-physical systems
(CPS), which are computers with networks of small sensors and
actuators that are installed as embedded systems in materials,
devices and machine parts and connected via the internet [3]. The
Fourth Industrial Revolution and the underlying digital
transformation, known as Industry 4.0, is progressing exponentially.
The digital revolution is reshaping the way individuals live and
work fundamentally, and the public remains optimistic regarding
the opportunities Industry 4.0 may offer for sustainability [4].

The aim of Industry 4.0 is to apply innovative solutions not only
in the form of technological change, but also to introduce new ways
of working and a new role for employers in industry [15]. The main
idea Industry 4.0 is to exploit the potentials of new technologies and
concepts such as: availability and use of the internet and IoT,
integration of technical processes and business processes in the
companies, digital mapping and virtualization of the real world,
smart factory including smart means of industrial production and
smart products [16]. Industry 4.0 has become part of the integrated
and interconnected world that has evolved as a result of the
information and communication revolution. This technological
revolution has come about through the Internet of Things (IoT) and
the Internet of Services (IOS), which connect industry through a
supply chain network in an internal and external electronic way.
This makes the industry intelligent and all this is supported by
cyber-physical systems (CPS) [17]. Industry 4.0 comprises five key
elements - digitalisation, optimisation and customisation of
production, automation and adaptation, human-machine interaction,
value-added services and commerce, and automated data exchange
and communication [18]. Industry 4.0 includes additive
manufacturing, advance robotics and cobots, artificial intelligence,
augmented reality, human-machine interfaces, machine-to-machine
communication, blockchain, internet of things, cloud stored data,
internet of services, digital transformation, autonomous vehicles,
drones [19]. The core technologies of Industry 4.0 include: big data
analytics, autonomous robots, cloud technologies, simulation,
industrial IoT, additive manufacturing, augmented reality, business
intelligence, cybersecurity [20]. Opinions on Industry 4.0
technologies are diverse. We are confronted with the definition of
35 key disruptive Industry 4.0 technologies. These key technologies
include: internet of things, big data, additive manufacturing, cloud
computing, autonomous robots, virtual reality, cyber-physical
systems, artificial intelligence, smart sensors, advanced simulation,
nanotechnology, drones, biotechnology, block chain, industrial
internet of things, cybersecurity, smart factory and intelligent
factory, internet of services, vertical and horizontal (V&H) system
integrations, renewable energy and advanced energy storage,
machine-to-machine communication, 5G network, information and
communication technology, quantum computing, mobile devices,
manufacturing execution system, neurotechnology, predictive
maintenance, advanced human to machine interface, material

Industry 4.0 was coined by German’s group of mechanical
engineers in the year 2011 to account for the widespread integration
and adaptation of ICT in manufacturing industries [5]. The concept
of Industry 4.0 originated in the 21st century in Germany. Its
essence lies in the use of automation and digitalisation processes in
industry, transforming existing factories into self-controlled and
self-adaptive social and technical systems (smart factories) that
enable the creation of intelligent value chains [6,7]. Digitalisation
varies from country to country around the world. Companies in
Japan and Germany are embracing digitalisation to improve their
efficiency and product quality. In the United States, the trend is to
develop new business models with the intention of leveraging
digital offers and services and delivering these products and
services digitally as quickly as possible [8]. The term Industry 4.0
stands for the Fourth Industrial Revolution which is defined as a
new level of organization and control over the entire value chain of
the life cycle of products; it is geared towards increasingly
individualized customer requirements [9].
The basis of Industry 4.0 is the intelligent, horizontal and
vertical interconnection of people, machines, objects and
information and communication systems in real time with the
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science, internet of data, internet of energy, flexible production
system, location detection and digital twin [21].

At the core of Industry 4.0 is the Internet of Things and
Services, intelligent devices that communicate with each other
through cyber-physical systems to achieve a smart factory.
Therefore, we wanted to know from the respondents whether they
are interested in these concepts that are inherently related to
Industry 4.0. From the responses, it was found that 52.3% of
chemical companies are aware of and interested in these concepts.
A high percentage of 40.9% of companies are partially aware of and
interested in these concepts. Only 6.8% of the surveyed companies
are not interested in these concepts that are related to Industry 4.0.

2. Aim, Methodology and Data
The main objective of the paper was to create an analytical view
of the concept of Industry 4.0 through a bibliographic-information
analysis and the implementation of a questionnaire survey. The
questionnaire survey was implemented in companies of selected
industry in Slovakia. The survey was realised in 44 chemical
companies.
In order to provide a comprehensive view, it was necessary to
define the terms and concepts related to the Fourth Industrial
Revolution and the characteristics of Industry 4. Subsequently, in
the next part of the paper we focused on the identification of
selected questions from a questionnaire survey conducted in the
Slovak chemical industry. To process the information and
knowledge in the paper on the use of Industry 4.0 in Slovakia, we
used classical methods: literature search, analysis, synthesis,
induction, deduction and comparison. The visualization method was
also used to make the data on Industry 4.0 more transparent through
group bar charts and pie charts.
The object of research in the present paper were 44 companies
operating in the chemical industry in the Slovak Republic. For the
categorization of companies we used the EU Commission
Regulation No. 651/2014, which distinguishes between micro,
small, medium-sized and large companies. 4.6% of small
companies, 29.5% of medium-sized companies and 65.9% of large
companies participated in the questionnaire survey.

Fig. 2. Interest in concepts - Smart Factory, Internet of Things,
Cyber-physical system
Source: own processing
The Industry 4.0 concept is used by 56.8% of chemical
companies in Slovakia. It is partially used by 38.6% of the surveyed
enterprises. Based on the answers of chemical companies Industry
4.0 is not used by 18.2% of respondents.

By legal form of business, limited liability companies were the
most represented in the survey with the largest percentage share of
77.3%. Businesses that indicated the legal form of a joint stock
company had a share of 22.7%. Other forms of business did not
participate in the survey.
According to the geographical location of Slovakia, the most
represented companies in the survey were from the Trnava Region
with a share of 22.7%. A high percentage of participation also had
enterprises from the Trenčín Region with a share of 20.5%. The
least number of respondents participating was from the Košice
Region. This region was represented in the survey with a share of
2.3%.

3. Results and Discussion
Fig. 3. Applying Industry 4.0 concept in the company
Source: own processing

In the following part of the paper, selected findings related to
Industry 4.0 in the Slovak chemical industry were analysed.
Based on the answers from the respondents, it was reported that
63.7% of chemical companies are interested in the ongoing
digitalisation. 31.9% of the responding companies expressed partial
interest in digitalisation. 4.4% of enterprises are not interested in the
topic of digitalisation in the company.

Applying Industry 4.0 also requires the digitisation of individual
business areas. From the responses of the surveyed companies, we
were informed that 68% of the respondents apply the Industry 4.0
concept in IT. Production represented a high percentage, with 67%
of chemical companies applying the concept. The least number of
companies from the chemical industry apply Industry 4.0 in service.
This business area reached 43%.

Fig. 1. Interest in digitalisation in the company
Source: own processing
Fig. 4. Applying the Industry 4.0 concept in business areas
Source: own processing
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companies are not interested in the topic of digitalisation in the
company. From the answers of the respondents, it was found that
52.3% of chemical companies in Slovakia know and are interested
in the concepts related to Industry 4.0 - Internet of Things and
Services, smart devices, cyber-physical systems. Only 6.8% of the
surveyed companies are not interested in these concepts. The
concept of Industry 4.0 is applied by 56.8% of chemical companies
in Slovakia. From the answers of the surveyed respondents we were
informed that 68% of the respondents apply the concept of Industry
4.0 in the business IT area. The least chemical companies of apply
Industry 4.0 in the business area - service. In the Slovak chemical
industry, Industry 4.0 is mostly used in large companies, where the
share reached 54.5%. At the same time, the Fourth Industrial
Revolution has affected chemical companies with limited liability
the most, where the percentage share reached 65.9%.

The application of Industry 4.0 was also examined from the
perspective of the business size. Of the chemical industry
companies, Industry 4.0 is most widely used in large companies
with a share of 54.5%. Medium-sized companies apply Industry 4.0
with a share of 25%. The smallest percentage share (4.5%) of the
application of the Fourth Industrial Revolution was recorded in
small companies.
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Fig. 5. Applying Industry 4.0 concept in companies by business
size
Source: own processing
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Abstract: Renewable energy sources (RES) will continue to play a key role in the process of deep decarbonisation of the energy sector
especially in the power branch. Effects of environmental, economic, social, political and technical factors condition the rapid deployment of
various sources of renewable energy-based power generation. In this case study the optional GHG reduction credit per equivalent tonne of
CO2 (tCO2) used in conjunction with the net GHG reduction to calculate the annual GHG reduction revenue of a 27MW wind farm located
in Qafë-Thanë, Pogradec-Albania is analysed. As the future availability of renewable energy resources is not affected by their use, wind
power can address many questions related to sustainability and flexibility of the existing fuel powered technologies. Hence, cutting carbon
dioxide (CO2) emissions in Albania should be fully in line with the Paris Agreement including power sector especially. The proposed action
aims at developing a high-level promotion and market penetration strategy for RES, contributing to the mitigation of GHG in EU as well as
in the candidate countries including Albania. Furthermore, special support should be given to candidate countries in creating policies and
programmes to facilitate and promote RES technologies.
KEYWORDS: WIND ENERGY, CO2, GHG, RETSCREEN EXPERT 8.
towards reliable and more feasible energy systems based on
renewables [6].
Continued emissions of greenhouse gases will cause further
warming and changes in all components of the climate system.
Limiting climate change will require substantial and sustained
reductions of greenhouse gas emissions [7].
Wind power plants have a lifespan of roughly 20-25 years so that
optional GHG reduction credit, per equivalent tonne of CO2 (tCO2)
in conjunction with the net GHG reduction can be used to calculate
the annual GHG reduction revenue. Prices for GHG reduction
credits, per equivalent tonne of CO2 (tCO2), vary widely depending
on how the credit is generated and how it will be delivered to
achieve the most feasible option in RES projects.

1. Introduction
The idea for a clean, sustainable, flexible and environmentally
friendly energy system is quite impossible and unimaginable
without the promotion of renewable electricity as it is considered
the backbone of the global energy transition [1]. Encouraging of
renewable-sourced electricity systems is set to become the
dominant energy carrier in the global energy system and will play
a major role in decarbonising of energy sector.
As a consequence, huge investments in power generation systems
and infrastructure are needed. Despite cost declines and continuous
policy support, faster wind growth hinges on resolving social
acceptance, permitting and grid integration problems [2] The cost
of manufacturing wind turbines and PV has plummeted
dramatically in the last decade, making them not only affordable
but often the cheapest form to be replaced and integrated in
existing power systems. The cost of electricity from onshore wind
continues to decrease, with the global average falling to $53/MWh
in 2019 due to advancements in turbine design, capacity factors are
rising, making projects bankable even in areas with low wind
speeds including Albania.
This article presents a 27MW wind farm located in south-east part
of Albania and will contribute to the diversification of energy
sector with the main aim to achieve 2030 emission reduction goals
by 11.5% in 2030 following the European Green Deal [3]to cut
greenhouse gas emissions 55% by 2030. This increased level of
ambition for the next decade will put the EU on a balanced
pathway to climate neutrality by 2050. This article presents a
detailed analysis of 27MW grid-connected wind farm with the aim
to extend its capacity in the future, but this will be one of the most
potential location in the south-east part of Albania given in [4]
including environmental impact such as GHG emissions. The
improvement of grid reliability and limitation of power outages,
protection of critical loads, independence of foreign supply, and
increased energy security coupled with a fixed energy cost which
is immune to future tariffs and fossil fuel costs increases [5].
Albania offer a very favorable geographic position for fostering
and developing such environmental friendly energy types for
electricity generation. Albanian electricity system is totally based
on HPP with a total installed capacity of 2,275MW. Total
electricity generation capacity of the public company KESH sh.a.
is 1448 MW and constitutes about 63.47% of the total power
installed in our country. The use of different RES sources for
energy production represents a long-term objective for
implementation of three objectives of the country energy policies,
such as: support for the overall economic development; increase of
the security of energy supply and protection of environment. In the
other hand the depletion of fossil fuel and the negative effect on
the environment as well as the potential techno-economic merits of
"hybrid combinations" identified as a good solution moving

1.1 Site background and installation of proposed access point
antennas.
The facility and installation site of the proposed wind farm area is
around 22 km square geographically located at (Lat, Long)
41.04110°, 20.59580°, in Qafë-Thanë, Pogradec near the border
with North Macedonia, as it is shown in figure 2.

Figure 1: Wind power plant location. Qafë-Thanë, Pogradec,
Albania.
The specific weather data and wind potential of the proposed
location is given in the previous study [8]

1.2 Renewable Energy Resources and Support Policies
In the last 15 years has been rapid progress in the development of
RES exploitation technologies in Albania [4]. Developing wind
energy in Albania requires 2000MW investment in wind capacities
as at present there are no wind generations in the country [9]. Wind
potential areas such as Shkodra (Velipoja, Has), Kukes, Lezha
(Ishull Shengjin, Tale, Balldre), Durres (Ishem, Porto Romano),
Kavaja (Kryevidh), Fier (Seman), Karavasta (Hoxhara, Hoxhara
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2), Vlore (Akerni), Saranda, Korça and Tepelena are identified.
The main existing constraints such as altitude, site accessibility,
infrastructures, natural protected areas, distance less than 10 km
from the national power grid and less than 5 km from the national
road to the actual wind speed and wind potential of the proposed
wind farm are applied. Renewable energy sources, including solar,
wind, hydro, biofuels and other future renewable sources are at the
centre of the transition towards a less carbon-intensive and more
sustainable energy system [10]. Action to reduce the impact of
climate change is critical so that "The Paris Agreement" sets a goal
to limit the increase in global average temperature to well below
2°C above pre-industrial levels and to attempt to limit the increase
to 1.5°C. Implicit in these goals is the need for a transition to a
low-carbon energy sector, which accounts for two-thirds of global
emissions. RES, coupled with energy efficiency gains, can provide
90% of the CO2 emissions reductions in the roadmap to 2050.
Renewable energy is therefore a key component of Nationally
Determined Contributions (NDCs) – the central implementation
tool for countries under the Paris Agreement including Albania. At
present, the level of detail contained in NDCs differs from country
to country, with little in-depth analysis and limited quantitative
information about the role of renewable energy in meeting
greenhouse gas (GHG) emission reduction targets [11].
To be fully in line with Paris Agreement target, Albania is working
and making real efforts to reduce electricity import, improve its
security of supply. The Albanian ministry of Energy and
Transportation and national energy institutions has compiled the
"The National Energy Strategy 2018-2030", consisting on 6
possible scenarios of energy's transition process toward a
sustainable and reliable energy by shifting Albania to
decentralized renewable energy market, and energy efficiency.
This strategy, requires a RES of 42% to the total energy
consumption by the end of 2030. The RES share actually is
approximately 30%. The first goal can be achieved by large scale
integration of RES capacities, especially wind generation
capacities[4]. The RES share in global electricity generation
reached almost 27% in 2019, renewable power as a whole still
needs to expand significantly to meet the SDS share of almost half
of generation by 2030 which requires the rate of annual capacity
additions to accelerate [2]. This will enable the EU to move
towards
a climate-neutral
economy and
implement
its
commitments under the Paris Agreement by updating its
Nationally Determined Contribution.

relatively lower LCOE than traditional fossil fuel based energy
plants in Germany [13]
3.0 Materials and Methods
Actually, there are several models available for conducting a set of
analysis including environmental impact and benefits. RETScreen
Expert is a clean-energy awareness, decision-support and capacitybuilding tool [14]. This model helps us as energy planers in
national level to determine the annual reduction in the emission of
greenhouse gases stemming from using the proposed technology in
place of the base case technology. The model uses a computerized
system with integrated mathematical algorithms and top to bottom
approach which has been developed to overcome the barriers to
clean energy technology implementation at the preliminary
feasibility stage. It provides a cost analysis, GHG emission
reduction analysis, financial summary, sensitivity analysis,
provides a low-cost preliminary assessment of RES projects with a
small set of a detailed information.
Methodology 2 as the more suitable to perform the technoeconomical analysis is chosen [4,14].
3.2 Emission reduction analysis
The model performs a GHG emission reduction analysis depending
on whether the clean energy system under consideration generates
electricity or provides other energy requirements. The only
difference lies in transmission and distribution losses, which are
incurred only by electricity generating systems. The reduction
ΔGHG is calculated as follows in equation 1:
(1)
 GHG  ebase  e prop E prop (1   prop )(1  ecr )



where ebase is the base case GHG emission factor, eprop is the
proposed case GHG emission factor, Eprop is the proposed case
annual electricity produced, λprop is the fraction of electricity lost in
transmission and distribution for the proposed case, and ecr the
GHG emission reduction credit transaction fee.
3.2.1 GHG emission factor
Starting point for the base case electricity generation system
strictly 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, the following formula in equation
(2) is used to calculate the base case electricity system GHG
emission factor, ebase:
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where eCO2, eCH4, and eN2O are respectively the CO2, CH4 and
emission factors for the fuel/source considered, GWPCO2, GWPCH4,
and GWPN2O are the global warming potentials for CO2, CH4 and
N2O, η is the fuel conversion efficiency and λ is the fraction of
electricity lost in transmission and distribution. The GHG emission
factor will vary according to the type and quality of the fuel, and
the type and size of the power plant. If there are supposed a
number of fuel types or sources, the GHG emission factor ebase for
the electricity mix is calculated as the weighted sum of emission
factors calculated for each individual fuel source as it is given in
equation (3):
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Figure 2: World Total Installed Capacity Trends and generation
for on shore & Of shore wind farm [IRENA, 2020]
In the graph in figure 2 the global installed wind capacity is given.
The growth of wind capacity worldwide tends an exponential
progress and results 3.5 times more in 2019 compared to 2010
generating 1,194,718 GWh of electricity.

n

ebase   f i ebase,i

(3)

i 1

where n is the number of fuels/sources in the mix, fi is the fraction
of end-use electricity coming from fuel/source i, and ebase, i is the
emission factor for fuel i, calculated through a formula similar to
equation (2):

2.0 On - Grid wind systems applications
The economic benefit is assessed based on the LCOE which
represents a good starting point to compare benefits and
competitiveness of different technologies [12]. Different studies
have demonstrated that a WPP system combined with PV offer
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factor
(tCO2/MWh)
GHG emission
(tCO2)
1.01

61759

Fuel consumption
(TWh)
0.6101

0.0108

N2O emission
factor kg/GJ

CH4 emission
factor kg/GJ

278.94
5

0.0072

CO2 emission
factor kg/GJ

Electricity

The model calculates the GHG emission for the base case system
by multiplying the annual system losses by the global warming
potential. The annual GHG release in environmental results
61759.48 tCO2.

Table 2:Emission factors for the chosen fuel type in the study
(Diesel 6)

100
%
100
%

0

27.4

From the previous study [8] the most feasible scenario among 14
considered results scenario 6 given in the table 3.
The total electricity generation results 61020 MWh/yr and implies
two different wind technologies Vestas and Wind To Energy.

4.0 Simulation and results
Emission factors will vary for different types and qualities of fuels,
and for different types and sizes of power plants. The electricity
mix factors thus account for a weighted average of the fuel
conversion efficiencies and T&D losses of the different fuel types.
For fuel type selected, diesel 6, 100% single fuel mix, units are
given in (kg/GJ) shown in table 2.

Fuel Mix

V90-3.0 MW - 105m

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. eprop is therefore calculated through equation (2) with λ=0, in
the case of a single fuel/source, or through equations (3) and (4)
with all λi=0, in the case of a mix of fuel/sources. Alternatively, the
proposed case GHG emission factor of 3%, before transmission
and distribution losses are applied.

V90-2.0 MW - 80m

3.2.2 GHG emission factor – proposed case electricity system

V90-1.8 MW - 9 5m

GHG emission factor for the year that the change in baseline takes
place, and the years that follow.

V90-2.0 MW - 105m

is the percentage change in the base case (baseline)

27

Scenario 2

Fuel Mix

rchange

(5)

Scenario 1

100%

where

 ebase rchange

Siemens

e

WIND TO
ENERGY

*
base

SIEMENS

is the fuel conversion

 ,i

efficiency for fuel i, and  ,i is fraction of electricity lost in
transmission and distribution for fuel i.
The GHG emission factor for the electricity mix will apply from
year 1 up to the year of change in baseline, as specified by the user,
unless no changes are specified; in this case, the emission factor
will apply throughout the life of the project. When a change in the
baseline emission factor is specified, the new factor for the year
that the change in baseline takes place, and the years that follow
will be determined by (e*):

Sinovel

and N2O emission factors for fuel i,

W2E

respectively the CO2, CH4

VESTAS

eCO2 ,i , eCH 4 ,i and eN 2O ,i are

where

Table 4: Calculation of CO2, CH4 and N2O for the base case
system.

(4)

N (MW)

 1, i 1 1 , i

Fuel Type
(Baseline GHG
Summary)



ebase,i  eCO2 ,iGWPCO2  eCH 4 ,iGWPCH 4  eN 2O ,iGWPN 2O

4.1 GHG reduction credit
In this case study the optional GHG reduction credit, per
equivalent tonne of CO2 (tCO2) is considered. It is used in
conjunction with the net GHG reduction to calculate the annual
GHG reduction revenue. Prices for GHG reduction credits, per
equivalent tonne of CO2 (tCO2), vary widely depending on how the
credit is generated and how it will be delivered. Other factors
which have an impact on price may include: voluntary or
mandatory emissions reduction; private or public purchase of
credits; credits traded within, for example, the European Union
Greenhouse Gas Emission Trading Scheme (EU ETS), other
national, transnational, or regional schemes; type of technology
used to generate the emissions reductions. As of May 2014, prices
including rates for carbon taxes varied between $1 to $168 per
tonne of CO2 [15].
The model escalates the GHG reduction credit rate yearly
according to the GHG reduction credit escalation rate starting from
year 1 and throughout the GHG reduction credit duration as it is
given in the table 4.

Firstly, the baseline case consider a diesel 6 fuel type Genset which
has a typical electricity generation efficiency of 28.6% and CO2
emission factor results 278.9kg/GJ. Specific emission factor for
N2O for the selected fuel type is 0.0019kg/GJ and 0.0029kg/GJ of
CH4.
The GHG emission factor results 1.01 kgCO2/kWh suposing a 7%
T&D losses.
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and solution in the way to deep decarbonisation of the power
sector in Albania, hence the carbon credits of $25/tCO2 giving a
net specific emission reduction of 2084 tCO2/MW per year should
be applied.

Table 4: Assumptions and calculation of the GHG revenue
Unit
Value
GHG reduction credit rate

$/tCO2

25

GHG reduction credit duration

yr

25

GHG reduction credit escalation rate

%

2.0

Gross annual GHG emission reduction

tCO2

GHG credits transaction fee

%

Net annual GHG emission reduction

tCO2

GHG reduction revenue

$

8. References

57436

[1]

2.0
56288
1407190

[2]

Carbon credit instruments often coexist with other heterogeneous
policies that may directly or indirectly contribute to reducing GHG
emissions by addressing areas such energy or infrastructure. In our
study they have to be planned to interact and complement other
strategic priorities at local and national levels. The GHG reduction
credit duration is acceped to be applied all into the whole lifetime
of the proposed WPP system supposing a reduction credit
escalation rate of 2.0%. From the calculation in the model the net
annual GHG results 56288tCO2 leading to 1407190$ of GHG
reduction revenue. The credit transaction fee of 2% is accepted. In
the graph in figure 3 the results carried out from the simulations of
the proposed WPP with a net power capacity 27MW compared to
that of the base case (diesel 6) is given. The base system, release
61759.48tCO2 while the wind power scenario can reduce the GHG
to 57436.32 tCO2 per year.

[3]

[4]
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Figure 3: Results of the simulation of the baseline scenario system.
The simulation shows that an amount of 93% tCO2 compared to
the based fuel power system equivalent to 10519 of cars and light
trucks not used or 13054 acres of forest absorbing carbon is
reduced.

[12]

7. Conclusion
Various aspects related to an on-grid WPP of 27MW located in
Qafë-Thanë, Pogradec, Albania including a universal
understanding of the GHG emission related factors that makes the
mitigation process easy going is analysed. In this paper, the
feasibility of proposed WPP with a capacity of 27MW, discussing
its potentiality effectiveness by applying a GHG reduction rate of
25$/tCO2 and many other parameters within a sensitivity analyses
are performed.
The impact of such incestives schemes in the Albanian power
sector is very deterministic and should be at the center of energy
transition process in Albania. The model calculates the annual
GHG reduction revenue which represents the revenue generated by
the sale or exchange of the GHG reductions. It is calculated from
the annual net GHG reduction and the GHG reduction credit rate.
The annual value of GHG reduction revenue 1407190 and
escalated by a GHG reduction credit escalation rate of 2%.
As a conclusion, WPP should be a key center technology option

[13]

[14]

[15]
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Elements of the digital economy in the world and Ukraine
Galyna Zhavoronkova, Vladimir Zhavoronkov, Natalia Kovalenko,
National Aviation University,
Kyiv, Ukraine
zhavor@ukr.net
Annotation. The theory of information (post-industrial) society, revealing the main provisions of economy and society. The process of
globalization is accompanied by the avalanche spreading information flows the phenomenon of information picture of the world as a
scientific and methodological means of study of information reality reflects an important aspect of social life. Internet is a universal
communication space, in which very different interests and values coexist. The purpose is a scientific and practical study of the problem of
forming the digital economy. The structure of the section includes consideration of the following issues: formation of a virtual segment of the
information market; the development of information and communication technologies; introduction of elements of the digital economy in
Ukraine and the world; innovative business development and the startup ecosystem. During the study, various scientific methods were used,
in particular: monographic, comparative, analytical, graphical, forecasting.
KEYWORDS: INFORMATION, COMMUNICATION, INNOVATIVE BUSINESS, GLOBALIZATION, INFORMATION MARKET, DIGITAL
ECONOMY.
Digital assets of the services sector in the field of ICT,
financing and technology production are, respectively, 21.5, 15 and
13.5%. However, even traditional sectors of the economy have
accumulated large reserves of digital assets: they account for more
than 5% of the sector's gross value added. The digital economy is
expected to account for about 24.3% of world GDP by 2025. Digital
platforms are playing an increasingly important role in the global
economy. In 2017, the total value of platform-based companies with
a market capitalization of over $ 100 million. The United States
exceeded an estimated $ 7 trillion. USA, which is 67% more than in
2015 [3].
Some global digital platforms have gained very strong market
positions in certain segments. For example, about 90% of the
Internet search engine market is owned by Google. Facebook
accounts for two-thirds of the global social media market, and its
platform is the most popular among social networks in more than
90% of countries. Almost 40% of the world's online retail sales are
made through Amazon's network, and its subsidiary
AmazonWebServices accounts for about the same share of the
global cloud infrastructure market. In China, the WeChat network
has more than a billion active users, and its payment system, along
with the Alipay system (owned by Alibaba), covers virtually the
entire Chinese cellular payment market. At the same time, Alibaba
accounts for an estimated almost 60% of the Chinese e-commerce
market.
E-commerce in the modern world covers such operations as:
online marketing; Internet contacts with suppliers of goods; after
sales service; payment system; logistics and delivery of goods.
Currently, the economic effect of the use of e-commerce
technologies is positive and has a positive growth dynamics [4]. At
the present stage of social development, this sphere of activity is an
integral part of human life. E-commerce has a lot of benefits that
lead to lower prices for services and goods. In turn, this helps to
increase the volume of online commerce. The dynamics of ecommerce development in Eastern Europe is shown in Table 1.

1. Introduction
Innovative business is based on the constancy of the external
environment, understanding it as a necessary condition for a stable
organization and effective functioning of the economic system as a
whole. It should be noted that most countries face the problem of
lack of investment resources necessary for the development of
innovative business, there is a structural imbalance between supply
and demand in the field of financing innovative projects [1].
In international practice there is no harmonized definition of
the digital economy. In most foreign sources, when describing the
digital economy, the emphasis is on technology and related changes
in the ways in which economic agents interact. At the same time,
specific types of technologies or certain forms of changes in
economic processes can be mentioned. Often the definition of the
digital economy is replaced by a list of areas of its impact on the
economy and social sphere.
When disclosing the meaning of the "digital economy", it
should be noted that today there are different interpretations of this
term, which depend on the point of view of a particular scientist and
method of research.
The digital economy is a form of economic activity that arises
from many examples of networking between people, businesses,
devices, data, and processes. The basis of the digital economy is the
growing interconnectedness of people, organizations and machines,
formed by the Internet, mobile technology and the Internet of
Things.
The key goal of digitalization of Ukraine is to achieve digital
transformation of existing and creation of new branches of
economy, as well as transformation of spheres of life of Ukraine
into new, more efficient and modern ones. Such growth is only
possible when digitalization-related ideas, actions, initiatives and
programs are integrated into national, regional, sectoral and
development strategies.
Increasing globalization and digitalization, the widespread use
of big data analysis technologies are radically changing the
organization of airspace management and the air transport market.
The world's leading airlines are upgrading location systems to
identify the location of aircraft, passengers and luggage as
accurately as possible, speed up ground pre-flight preparations,
automate and improve service [2].

Table 1 Dynamics of indicators of e-commerce development in Europe and
Eastern Europe [5]
Indicator
2015
2016
2017 2018 2019
Volume of Internet trade in
16,64 23,02 29,68 27,17 29,28
Eastern Europe, billion dollars
The volume of Internet trade in 372,75 469,81 531,49 505,12 563,48
Europe as a whole, billion
dollars
Volume of Internet trade in
12,95 17,34 22,45 24,49 26,50
Eastern Europe, billion euros
The volume of Internet trade in 290,0 353,8 402,0 455,3 509,9
Europe as a whole, billion euros
Annual growth index in Euro
32,58 33,91 29,45 9,09
8,23
equivalent,%, Eastern Europe
Annual growth index in Euro
17,69 22,00 13,62 13,26 11,99
equivalent,%, Europe

2. The share of the digital economy in the world
The digital economy is much more mature in developed
countries: among countries, the digital economy ranges from 10 to
35% of GDP in developed countries, and from 2 to 19% of GDP in
developing countries. This gap reflects the progress made in
developed countries in the accumulation of digital assets, the
adoption of digital services, and the ability of any company to use
digital technologies.
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The development of e-commerce is based on attracting more
and more users to the Internet, so it is not surprising that the share
of e-commerce turnover in GDP and the share of e-commerce in
retail trade correlates with the Internet penetration rate, is the
population aged 14 to 74 that are regular Internet users. Thus, in the
leading countries of Western Europe, this figure is close to 100%,
while in Ukraine it is only about 63%.

the share of Internet users who are Internet buyers has rapidly
increased (Table 3), however, only 9% of Internet users have never
bought anything on the Internet, while in 2017 there were 18%.
Table 3 Dynamics of Internet penetration and purchasing activity of
Ukrainian citizens [7]
Indicator
2015
2016
2017
2018
2019
Number and share of
19,3
17,3
18,0
18,3
19,8
regular Internet users,
million people
Internet penetration,%
51
54
58
59
68
Number of Internet
2,1
3,0
3,5
3,7
8,6
buyers, million people
Average cost of online
210
220
224
286 285,5
shopping,
euros
/
person
Proportion of Internet 10,9% 17,3% 19,4% 20,0% 44,0%
users who shop online

3. Development of e-commerce in Ukraine
Digitalization has been identified as one of the main prospects
for the development of the digital competitiveness rating of the IRF
in Ukrainian economy. The share of the digital economy in Ukraine
is only 3% (only $ 2.6 billion), which is close to the characteristics
of developing countries. In 2019 FY, Ukraine ranked 60th out of 63
countries in Europe, the Middle East and Africa.
The overall growth of e-commerce, in which Ukraine was the
leader among European countries in 2015-2016, and the increase in
the share of Internet shoppers allowed it to rise during 2014 - 2016
in the overall ranking of e-commerce UNISTAD by 4 positions,
with 58th to 54th place [6]. It should be noted that this trend can be
extrapolated only for the next 1-2 years, because, first, the growth
rate of Internet penetration decreases as its absolute value increases;
secondly, it is the countries with the lowest Internet penetration that
show the best dynamics of Internet trade growth, with a correlation
coefficient of -0.6.
The dynamics of indicators of e-commerce development
in Ukraine, calculated by the authors taking into account the
differences in methods of estimating and fluctuations in the hryvnia
exchange rate against major world currencies, are given in table 2.

According to numerous opinion polls, the main motivator for
buying in foreign online stores is the lower price, especially in the
segment of electronics and home appliances, and in the segment of
clothing, footwear, children's and sporting goods - even higher
quality and more choice, the ability to control delivery.
In general, e-sellers in Ukraine use a variety of business
models. Typical models for categories B2B, B2C, C2C are given in
table 4.
Table 4 Business models of successful e-traders of Ukraine
Business Interpretation
Income Foreign
Domestic
models
model
companies companies
name
Electronic Sale of goods of own Manufac- Sony.com; “Galant” factory
showproduction through
turer
Dell.com; online
window own site
Amazon.
store:www.maga
(manufact
com (partly) zinperchatok.co
urer's
m.ua
website)
Electronic A site where
Mediation Apartments; OLX (hybrid);
bulletin individuals or
or adverti- Monster;
Bezplatka;
board
companies place
sing
Craigslist; Kidstaff;
advertising offers for
AllBiz
Klubok; Klumba
goods or services
(today
kloomba.com);
Ria.com;
Shafa.ua
(hybrid)
E-shop / Sale via the Internet of Commerci LandsEnd.c Allo; Foxtrot;
e-super- goods purchased from al
om;
Comfy; METRO
market
various manufacturers, Advertisin Amazon.co Ukraine
on their own behalf at g
m (partly); (www.metro.ua);
their own prices,
asda.com; Rozetka.ua
mainly from their own
tesco.com (hybrid):
inventories
Modnakasta;
Leboutique;
Eldorado;
LaModa
Price
Search and compare
Subscripti Uswitch.co Hotline; Price;
aggrega- offers from different
ons (from m;
EK;MagaZilla;
tor
companies with the
vendors); GoCompare. m.ua
establishment of
Referral com;Money
appropriate links with payments Superthe subsequent
Mediation market.com
implementation of
CompareThe
transactions directly
Market.com
between buyers and
sellers
Electronic Internet platform for
IntermediaEBay.com bitok.ua
auction contacting sellers and ry (per tra-Priceline. setam.net.ua
buyers and
nsaction) com
transactions; the buyer Fee for
and seller are traded in using the
the transaction process platform

Table 2 Dynamics of e-commerce development indicators of Ukraine
Indicator
2014 2015 2016 2017
2018
2019
Retail trade volume in 812 888,7 901,9 1031,7 1159,3 1228,9
Ukraine, UAH billion
Volume of retail trade in 99,5 111,0 76,0 47,4
45,4
43,5
Ukraine, billion dollars
Retail trade volume in 79,1 83,7 57,4 42,6
41,0
42,3
Ukraine, billion euros
Volume of Internet trade 4,6 7,0 12,3 25,5
38,4
48,0
in Ukraine, UAH billion
Volume of Internet trade 0,57 0,88 1,04 1,17
1,50
1,70
in Ukraine, billion dollars
Volume of Internet trade 0,45 0,66 0,78 1,06
1,35
1,65
in Ukraine, billion euros
Annual growth index of 20,3 9,4 1,5
14,4
12,4
6,0
retail trade in hryvnia
equivalent,%
Annual growth index of 17,5 11,5 -31,5 -37,6
-4,3
-4,1
retail trade in dollar
equivalent,%
Annual growth index of 29,9 5,9 -31,5 -25,8
-3,8
3,2
retail trade in euro
equivalent,%
Annual growth index of 46,8 53,3 75,2 107,6 50,4
25,0
Internet trade in hryvnia
equivalent,%
Annual growth index of 45,9 52,9 18,3 13,2
28,0
13,1
Internet commerce in
dollar equivalent,%
Annual growth index of 58,7 48,0 18,8 34,9
27,4
22,3
e-commerce in Euro
equivalent,%
Internet trade penetration 0,6 0,8 1,4
2,5
3,3
3,9
in Ukraine,%
Compiled by the authors from the source (Elektronn urad)

The growth of e-commerce in Ukraine is obviously due to the
fact that for more and more of our fellow citizens, the Internet is
becoming a natural habitat, within which more and more needs are
met. The level of Internet penetration in Europe in 2019 was 75.3%,
reaching 90-98% in most EU countries. In Ukraine, this level was
68% and increased by another 4% over the year, reaching,
according to various data, from 69% to 80% [8]. At the same time,

Most of the e-commerce market in Ukraine is occupied by
companies that use 4 business models: e-shop (supermarket), ebulletin board, e-marketplace and price aggregator, and many
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companies use hybrid models such as "bulletin board + price
aggregator" (Ria.com), "supermarket + marketplace" (Rozetka.com,
Lamoda.ua). Elements of "hybridity" are demonstrated by the new
Shafa.ua platform, which combines elements of a bulletin board and
a vertical C2C marketplace in the "Women's Clothing and
Accessories" category, taking on the functions of vendor
verification, moderation and publication of reviews [9]. Among the
most popular electronic sellers of Ukraine given - hybrid Internetsupermarkets-marketplaces Rozetka and Lamoda, bulletin boards
OLX, Allbiz Ria, specialized online supermarkets electronics
Eldorado, Foxtrot, working on the model «clicks and bricks», clean
marketplaces Prom.ua, Bigl.ua, Skidka .ua and online store of
cosmetics and perfumes makeup.com.ua.
The most visited sites are the OLX hybrid bulletin board,
Rozetka online supermarket / layout, Prom.UA marketplace and
Alibaba Chinese marketplace (Aliexpress).
As for traffic generation, the most popular is access to sites
through search engines (41.4% of traffic in Rozetka, 63.51% - in
Prom.UA, 75.44% in Alibaba), direct links to the Internet address
(OLX - 41, 46%, Rosette - 25.8%). Other types of traffic are much
less efficient. This distribution of traffic correlates with the data of
opinion polls on the sources of information used by Ukrainians
when making online purchases. At the same time, according to a
Google study, at least 76% of Internet users search for information
about the product on the Internet and compare data on different
sites, regardless of whether the purchase is online or offline, and
70% read tips on choosing another product that confirms the value
of working with different sources of visitors to the site and the
importance of having on the site of the online merchant customer
reviews or recommendation chatbot [10].

depends on the accuracy of demand forecasting, is in a state of
uncertainty due to the high probability of the third wave of
coronavirus and the restoration of slightly relieved constraints. In
2020, the international tour flow decreased by 70%. Unlike
companies in many other industries, airlines cannot afford to take a
wait-and-see attitude. In order to meet the new requirements, to
emerge from the crisis stronger than before, it is necessary to
introduce new technologies. Thus, the intensification of business
processes in airlines through the introduction of relevant elements
of e-business is becoming more important than ever.
Consider a promising direction that determines the future of
the air transport industry - the Internet of Things (technological
evolution of this e-business is shown in Figure 1) and RFIDmarking (technological evolution of this e-business is shown in
Figure 2).
The Internet of Things is a set of physical objects connected
to the Internet and equipped with sensors - from smartphones,
tablets to cars and jet engines, which collect data and exchange it
over the network, including local or wireless. Thus, at airports, the
technology allows to combine notification and monitoring systems
for all objects, to make the stay of passengers more comfortable and
safe by transmitting to their portable electronic devices
(smartphones, tablets, etc.) data that are learning to navigate. Air
hubs can more effectively control the number of passengers at any
point of the airport and prevent the accumulation of large queues.
In air transport, RFID (Radio Frequency IDentification)
technology plays an important role in reducing costs and increasing
efficiency. By recording the necessary information on the RFID-tag
resistant to adverse environmental conditions, you can trace the
history of the movements of an object. This technology is used to
identify employees, cargo handling, maintenance of ground
equipment, automation of security systems, tracking the movements
of passengers.

4. Elements of e-business in airlines
Airlines around the world are experiencing the worst crisis for
the industry in its history. The industry, the effectiveness of which

1999
Formulation of the
concept of the
Internet of Things by
Auto-ID research
group founder Kevin
Ashton for Procter &
Gamble

2009
The birth of the
Internet of Things
(Exceeding the
number of
connected items
over the population
of the planet)

Effects:
Simplification of procedures
Passenger control
Optimization of passenger routes at
airports
Reduction of operating costs of
airports
Improving security at airports
through tracking systems for mobile
equipment

Technological evolution of the Internet of Things
2010
2015
2018
Copenhagen Airport Testing of
Half of the
for the first time used beacons that
world's airports
the collected data to provide
use IT solutions
track passenger traffic navigation
in check-in and
in Wi-Fi coverage
applications in
check-in areas,
areas
the development boarding areas
of the Internet of and security
Things
checkpoints

2020
80% of passengers
use services for selfservice based on IT
technologies (flight
check-in, baggage
claim, document
scanning) effects

2030
Equipping 90%
of all aircraft
with IoT
technology

Market assessment:

Drivers:
Development of cloud computing, technology between
machine interaction and large data analysis
By the end of 2020, 16% of airlines will
Miniaturization of wireless sensors
launch major Internet of Things
Distribution of high-performance networks
programs, and another 41% will conduct
Transition to IPv6 (Internet Protocol version 6)
research and development in this area.
Barriers:
Unresolved issues with sensor power supply
The Internet of Things market is expected Lack of uniform data integration standards
to grow from $ 170 billion in 2017 to $
Increasing the load on network resources due to the
561 billion by 2022 with an overall
growing number of Internet of Things
average annual growth rate of 27%.
The difficulty in maintaining the security of the
Internet of Things ecosystem
Internet of Things market volume by major sectors of the world economy (forecast for 2025, billion euros):
Transportation - 220, Industry - 120, Utilities - 33, Health - 26, Trade - 20, Security - 20, Smart City - 15, IT - 12
Fig. 1. Technological evolution of e-business - Internet of Things, IoT

The amount of memory of an RFID tag (radio tag) is hundreds of times greater than the amount of barcode or QR code memory.
Label data is recorded or automatically read by a radio signal, which allows the identification of people or objects at a considerable distance.
The technology is most widespread in the field of luggage logistics: the introduction of radio tags controlling the movement of luggage has
significantly reduced the risk of its delay or loss. Tracking the movement of passengers at the airport between check-in and departure can
prevent traffic jams at checkpoints, generally increase security, and in emergencies - quickly determine the location of people to evacuate
from the airport, search for lost children and notify passengers late for boarding.
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IoT has already been used in airlines in many countries around the world. EasyJet uses the latest technology. Microphones are built
into the staff's overalls for direct communication with passengers, pilots and crew members. The company used drones to inspect its fleet.
Helsinki-Vantaa Airport improves the quality of service with the help of Wi-Fi and ibeacons technologies. The operator of Finavia
Airport together with Walkbase has installed dozens of sensors in the terminals to monitor the movement of passengers. In this way,
companies prevent queues, send push notifications to passengers about advantageous offers.
2020

Expanding the use of labels

2018
Introduction of RFID-marking
of luggage (Resolution 753
MAPS)

2017
Mandatory RFID-marking of
aircraft parts

Airbus has obliged suppliers of
aircraft parts to mark them
with RFID tags

Technological evolution of RFID tags
2006-2008
2013

Introduction of RFIDtechnologies in the aviation
industry

19801990
Development of passive labels
and expansion of their areas

1970
Application of RFID-systems
in logistics, identification
systems, on transport

Prototype of RFID-technology
(Scientific work "Communications by reflected signal")

1948

Effects:
Market assessment:
Drivers:
Ability to read information outside the line of sight Over $ 3 billion will be saved by
Development of robotic and digital production
of the label, at a great distance and during the the airline industry in the next 7
systems
movement of the object
years through the use of RFID tags
Increasing the number of new routes and
Ability to simultaneously identify several hundred
frequency of flights
objects with RFID tags
Barriers:
Reliable protection of parts from counterfeiting and
Possibility of unauthorized reading of RFIDensuring "transparency" of supply chains of
tags
industrial products
Lack of regulatory and organizational and
Improving maintenance and repair services
technological documentation for the operation
Reducing the amount of lost luggage
of new technology
Optimization of production processes and increase
of safety at production
World market of RFID-technologies (2016-2022, billion dollars):
Hardware - 13 (2016), 28 (2022)
Software - 4 (2016), 10 (2022)
Fig. 2. Development of the e-business element - RFID-tags

Virgin Atlantic has connected Boeing 787 aircraft to a
wireless network to receive real-time data from IoT devices on the
operation of aircraft components. Now Boeing planes have wireless
connections to almost everything - from engines, flaps to the
chassis.
London City Airport has developed an interconnected sensor
network and data hub to track passenger traffic in order to provide
customers with location-based services.
Lufthansa has launched a network of radio frequency tags and
a mobile application that can track luggage from the terminal to the
flight. Travelers can check information via Bluetooth.
Shenzhen Airport uses robots to respond to emergencies. The
robot can autonomously patrol the terminal and conduct intelligent
monitoring, answer passengers' questions about flight information.
The Market Research Report estimates the global market for
airport smart devices by 2026 at $ 31.10 billion. The average annual
market growth rate will be 11.2%. Analysts attribute the growth of
the market for smart devices to a number of reasons. The
penetration of smartphones, which track various large amounts of
data, the desire to personalize services, improve user interaction,
modernize airports, as well as initiatives of governments in different
countries to use energy, reduce emissions.
Analyzing the markets, we see that IoT opportunities have
great prospects. Internet of Things technologies are integrating into
an increasing number of industries. Now there is the concept of
industrial IoT, its specificity in technology for the telecom industry,
logistics or retail. In aviation, IoT technology is already helping to
make flights more comfortable, and the service of both passengers
and aircraft - more efficient.
The Internet of Things is being introduced to track cargo,
organize navigation at airports, control passenger traffic, taking into
account new requirements; systems are introduced that allow
passengers to undergo self-service procedures. Transparency
Market Research predicts that the segment of security systems will
be a leader in the development of airport infrastructure.

The development of digital technologies and innovations has
contributed to the emergence of a new segment of the financial
market - the market of virtual currencies. Sometimes virtual
currencies are identified with digital currencies. The main
differences between virtual currencies and electronic money are
their issuance, regulation and use. These aspects are studied in more
detail in scientific work. An example of virtual currencies are
cryptocurrencies. Despite the changing trends of cryptocurrency
market capitalization and insignificant volumes compared to the
capitalization of traditional financial markets, we should not ignore
the emergence of a new segment of the financial market, which can
develop rapidly.
5. Conclusions
Internet is a universal communication space, in which very
different interests and values coexist. Of course, the spread of
information and communication technologies is uneven across
countries and sectors of society. It’s should be mentioned prospect
of transition to the information age depends primarily on the
availability of education for all segments of the population, as well
as the opportunities of operative learning and processing
information.
Each of the directions of globalization in its own way affects
the essence of international business and its form, liberalizes the
movement of goods and services, capital, labor, facilitates the entry
of national companies into international markets, promotes rapid
dissemination of knowledge, reduces transport, telecommunications
costs, significantly reduces costs. processing, storage, maintenance
and use of information, equalization of business conditions for large
and small companies.
The study of trends in the development of the Internet and the
possibilities of its application in economic activity also revealed
that along with the structural and quantitative changes in this sphere
occur the social and economic impacts of telecommunications
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development, as a significant gap in this area can lead to the
outflow of the most qualified personnel to other countries [11].
However, all the advantages of the virtual market can and should be
used by firms to improve their business relationships.
Digitalization has been identified as one of the main prospects
for the development of the Ukrainian economy. The growth of ecommerce in Ukraine is obviously, due to the fact that for more and
more of our fellow citizens, the Internet is becoming a natural
habitat, within which more and more needs are met.
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reproductive relations system, but first of all, the individual identity,
tendencies and patterns of development in interaction with the
existing system of economic egoistic-capitalist relations of the postindustrial capitalist society.
The research data in the 2016 UN SDGs report on human
development in the Russian Federation is quite eloquent. It indicates
that for 10 of the 17 Sustainable Development Goals adopted by the
UN for the implementation by 2030, the most important is the
social priority with the highest status (the “main priority”) and for
another 5 environmental goals, the next in importance is the
“complementary priority.” [5. С.9]
A complete swing-round in social orientation of the
reproductive process, i.e. its greening, which is the result of the
interaction of identity (individual, social) and existing socioeconomic relations - is a consistent evolutionary transition to a new
social space. Moreover, the goal “To ensure the transition to
sustainable patterns of consumption and production”, the only one
among the 17 goals (UN SDGs), is acknowledged to have the
highest priorities, viz. “main social priority”, “complementary
economic priority” and “environmental priority”!
Non-traditional methods, tools, procedures for studying
the phenomenon of objective reality, that is, individual and social
identity within the system of reproductive relations become more
and more topical in determining the characteristics of these rational
patterns of consumption and enhancing the institutional structure of
production.
Meanwhile, the modern mainstream of economic science
providing equilibrium analysis of economic dynamics and its
characteristic concept of universal laws describing the past, present
and future, and the opposing economic concepts, models based not
on the principles of economic rationality or equilibrium, but on the
principle of ontological uncertainty of the future because - of lack
of exhaustive information of the future - and bringing to the fore
emotions and intuition, or average mass behavior, cannot see the
individual with his desires, will, reason, and therefore, cannot avoid
the paradox of “tossing a baby out with the bath water”, when an
economic agent – man – is deprived of his rightful place in the
reproductive process, or Divine Inheritance. The “Maestream”
models, which provide for rational-selfish optimizers and neoorthodoxy models with their uncertainty and unknowableness of the
future, In the concepts, the mystery of man origin is carefully
avoided, its evolutionary purposefulness, development of its
spiritual, moral and intellectual potential, its evolutionary status the dual nature of man, theoretically deprive the man of the future.
Negative phenomena observed in our lives from time to time,
which are focused on achieving fictitious ideals and supposed goals
like triumphant ambitions, lust for power, selfishness, sensuality and
disregard of, and sometimes contemptuous and mocking attitude
towards what is called kindness, virtue, altruism, fully describe the
moral and ethical potential of an individual, or the occupied
evolutionary stage, (the result of interaction, relationship of the
inferior “self” and Superior “Self” in the consciousness of the
personality). Generating skepticism, nihilism, apathy and despair in
the minds of others, the majority of people raise the question: why
does the world exist? Is this the purpose of human life, of society?
What are the result of and the reason for existence of the world?
It is no wonder that neither political economy, nor orthodox
philosophy provide an answer. However, such thoughts of an activeminded person represent actual internal mentality of many people.

1. Introduction
The urgency of enhancement of socio-economic relations and
individual and social identity, which, step by step, evolve in the
field of objectively necessary economic freedom, consistent with the
fundamental goal of social and personal reproduction, can be
compared with the saving light of a distant lighthouse inviting a loan
traveller in the darkness of a rainy night, desperate in search of the
right way to his “father’s house” in endless wanderings around the
space and time of socio-economic formations.
It seems natural and logical to reveal from time to time the
controversy or doubtfulness of some knowledge, which objectively
confirms its transience. Whilst the truth is that an individual is
endowed with the ability not only to cognize reality as such, but also
to possess it to some extent.
In this context, the content and nature of the synergies existing
between individual, social identity and the totality of socioeconomic relations as an integrated system of social and personal
reproduction, is treated as the main goal of the research. Whereas
the specific features of the synergies between the critical
components of the individual identity such as desires, will, reason
and others, surrounded with the fluids of its spiritual and moral
state, describe the actual “Ego” of the personality at the next stage
of development and can be construed as the primary goal of the
research. [1. P.17-23.]
The rapid intensification of social, economic, ecological, political,
religious, national and other contradictions at various levels of the
social structure of modern post-industrial capitalist society
predetermined the urgency of improving the self-awareness of the
individual, society and existing socio-economic relations, evolving
gradually towards the objectively necessary economic freedom,
compliant with the fundamental purpose of social and personal
reproduction.

2. Results and Discussion
Non-traditional methods in the study of the currently dominant
maximalist - egoistic approach to solving the fundamental problem
of man and society, consisting in the increasing need for satisfaction
of constantly growing and steadily increasing demands - discover
new, previously inapproachable horizons of vision and improvement
of historically formed (sometimes, spontaneous and insufficiently
conscious) socio-economic relations. [2. С. 20-21.] Which are the
still dominant economic-egoistic-capitalist relations, however
gradually relinquishing their progressive historical role to the era of
socio-economic formations and more and more contributing to the
aggravation of social, environmental, political, religious, national
and other contradictions at all levels of the social structure.
Following the results 15-year performance of the
Millennium Development Center (UN MDGs), despite the efforts
made by the UN MDGs and the achievements in the economic life
of society, many global problems of human existence have survived
and become even more pressing.[3] After all, “it’s not just about
economic growth: its high rates provides no undertaking for
respectable employment, social integration or equality,” as one of
the leaders noted [4] when summarizing the performance of the UN
MDGs over the past 15 years.
As a result, the need for an in-depth study of the influence
of the man has been realized, such as desires, will, and creations of
the human mind on the development not only of the existing
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For example, this is what the great Russian writer Leo Nikolaevich
Tolstoy wrote on this point.
“Some people of poor and immature intellect live happily in
their ignorance – they do not believe in the problem of life, as such.
Others are sufficiently aware and understand the issue,
deliberately looking away from it, though, supported by favorable
external circumstances that carry them through life, as if they were
intoxicated.
The third group consists of those who know that death is
better than life, but still live because they do not have enough
strength to put an end to life, which is nothing but deception.
Finally, there are strong and faithful sorts of people who
realize the idiotic farce, we are involved in, and put an end to this
stupid game with one blow.” [6. P. 222.] It is these people that
mostly commit suicide, supposing their lives meaningless, thereby,
due to their ignorance, inflicting on themselves and their loved ones
severe karmic dependence in the present and subsequent
incarnation.
Life means striving for happiness, and happiness, no matter
how strange it may seem to most of us, does not consist in endless
indulgence or encouragement of our inferior “self” or our sensual
(animal) nature, but in the subordination of our personal life to the
Reason, which reconciles its guiding influence with the Superior
“Self”, which is the Divine spark harbored in heart. Indeed, it is the
life of our Reason, in contrast to the animal nature of the human
body (which is nothing more than its receptacle) - and there is
human life [7.P.227-228.]; the existence inherent in man in
accordance with our dual nature, which was described by the wisest
legislators from the ancient times when the mankind had realized
the painful internal opposition of two essences of their own nature in
the pursuit of their own well-being through the denial of the inferior
“self”. For the leading and decisive role, especially in human and
social life has been once realized to belong neither to the individual,
nor to its inferior self, but exclusively to the man’s Reason, where
the personality, which is the receptacle of Reason, is only a means, a
special human instrument used to achieve the goal set by Reason.
It is not so difficult to notice that with all the difference in the real
intelligence and mentality of people, noticed by Lev Nikolaevich,
the state of consciousness of people in each designated group, even
if for some of them the problem of life does not yet exist - is not yet
realized by their minds, which are not yet able to overcome the
dominant influence of their own lower "I", and therefore do not have
the desire and will to positively change it - consciousness - and the
need to change existing socio-economic relations. Immaturity,
insufficient development of their intellect, suppressed by their own
psychic mind, which opposes the Divine Principle in man, his
Higher Self, ultimately predetermined the state of their
consciousness ( thinking) - brilliantly noticed by Lev
Nikolaevich.[8. P. 219-229.]
Meanwhile lies goes on, at the same time economic practice is
continuously improving, and individual research teams focus their
efforts on enhancing the mechanism of economic management and
identifying opportunities for more effective use of human resources.
For example, the announced comprehensive strategy “Society 5.0”,
developed by the Japanese government with the active participation
of the Japan Business Federation (Keidanren) is primarily aimed at
the establishing of social conditions that let everyone feel
comfortable, and take an active part in the life of society.
It is assumed that Society 5.0 will provide opportunities
for fulfilling the potential of each person, and remove physical,
administrative and social barriers to self-fulfillment and the
development of technologies. According to the developers of the
program, “This should lead to sustainable socio-economic growth”
due to the technologies, which are not a thing in itself, but are
designed to improve the quality of life of people.
Indeed, the technologies used under the Society 5.0
program are conceived “not only to make a profit,” but are
reinterpreted (as the program emphasizes) in the context of benefits
for society. However, the Industry 4.0 strategy, although aimed at
production and making profit, but also in the context of improving
the quality of life of people, at creating more comfortable living

conditions.
Of particular note is that these both strategies treat the
social efficiency of production i.e. “creating more comfortable
living conditions for people” as just a consequence of scientific and
technological progress, not focusing on the development of any
particular rational pattern of production or consumption. Although,
in the development of scientific and technical progress, the Society
5.0 strategy seems to be more socially oriented, since as the authors
of the concept state it, “technological progress” should not be aimed
at maximizing profits, but should work for the good of society.
Otherwise, this will lead to both economic and social degradation. It
is no secret that the rapid concentration of income in the “portfolios”
and in the bank accounts of the few, just as rapid impoverishment of
the overwhelming majority of people both in the world and in this
country, which, moreover, has lost its respectful positions in the
global economy is a case in point.
According to the policy makers, the implementation of the
“people-first” Society 5.0 strategy is discouraged by five “walls”,
namely, “the wall of ministries and departments; - legislative
system; - technologies; - human resources; and the wall of rejection
by the community.” It is argued, and we cannot but agree that “in
order to move to the next stage in the development of society in any
country, complete restructuring of these systems is necessary, in
particular, overcoming the “wall” of rejection by the community. In
other words, we should enlighten the minds, explain where the
destination is, what benefits they will get from the changes,” that is,
overcome this obstacle by bringing out the best in people.
Well, the opportunities declared in the Society 5.0 strategy
for the fulfilling of the potential of each person and eliminating
physical, administrative and social barriers for self-fulfillment, or
benevolent intentions, will not result from scientific and
technological progress of their own accord. Like the creation of
comfortable conditions in society for everyone will not ensure active
participation of each member in the life of society and for the good
of society, since it cannot ensure the purposeful improvement or
employment of one’s latent skills or abilities for the benefit of
society and individual.
The human potential of everyone - is unique, and
additional information is needed to describe the capability of its
employment in the context of the existing identity. A detailed study
of the mechanism of human development within the framework of
social sciences is necessary to overcome ignorance and determine
possible ways of scientifically grounded and prudent use of the
human potential.

3. Conclusion
The above statements and ideas declared by the Society 5.0
strategy offer extraordinary opportunities for cyclical improvement
of the existing socio-economic relations due to scientific and
technological progress and increasing the social efficiency of social
production, i.e. the innovative creation of fundamentally new
relations of social reproduction.
The success of the digital transformation and further
intellectualization of the community is determined by optimizing the
conditions for the rise and evolutionary aspiration of human
potential, and directly depends on how jointly and harmoniously
business, government and social institutions will work to solve the
socio-economic problems facing the country.
In connection with the above, we can make a working
assumption that the intellectualization of human potential and the
improvement of individual and social identity is a prerequisite not
only for the improvement of social efficiency of social and personal
reproduction, but also for the transformation of the existing socioeconomic relations of modern post-industrial capitalist society
towards “economic freedom consistent with the fundamental
purpose of being.”[9. Р.364-365.]
The era of socio-economic formations, approaching its
end, lacks the mechanism of automatic coordination of economic
and other social values and the sustainable meeting individual and
social needs.
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rethinking and rerouting of the entire system of modern education,
to be guided by the priority of the spiritual and moral potential of
the individual and society.
Note that this transformation will take place only when the
collective mind of the country’s governing body, inspired by the
superior or Divine “Ego”, perceives this desire and fosters the
efforts to make it true, using the political will delegated to the
government by people.
It is time, when all is said and done, to challenge
ANIMALITY!

Adorned with the ambitions tuning in to the spirit of the
times and the achieved evolutionary stage, in the era of dominant
and, in the opinion of K. Marx, determined (by whom?!) “economic
social factors and relations” (our identity forms and sustains halfhuman existence, imposed by the tyrant and lord of the selfconsciousness of the majority, or, in other words, by our mental
“mind”, or the inferior “Ego”.
INDUSTRY 4.0, SOCIETY 5.0, and increasing economic
viability without taking into account the most general objective laws
of the human and social evolutionary development, is nothing more
than a particular case of social and personal reproduction in the era
of socio-economic formations with their objective economic,
political, religious, and other social laws. [10. P. 89,635] With the
dominant economic-maximizing paradigm being the main regulator
and the most important criterion of the socio-economic life of
society, while satisfaction of needs is merely a means of
implementation of the paradigm, one cannot rely on the success of
the UN Sustainable Development Goals program, because it is
incompatible, untimely, and therefore, not relevant! Social changes
are inevitable and reasonably required as improving human
potential: the identity, will, reason, and the system of modern
economic-egoistic-capitalist relations and, as a consequence, the
existing institutional infrastructure of social reproduction.
Transition to a completely different, i.e. supra-economic,
social state, with the other – not economic, but radically different
and, above all, spiritual and moral factors and criteria for assessing
social and economic efficiency of social reproduction – having
dominant influence on the development of the individual and social
development – is a historically and reasonably required moment in
the evolutionary cycle process of social and individual reproduction!
The key to its successful implementation will be the transformation
of social and business institutions, and, first of all, a fundamental
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Abstract: The city of Korça is situated in the South-East part of Albania. Korça’s climate is partly Mediterranean and Continental,
characterized by cold winter and relatively hot summer. The average annual temperature is 10.6 oC, while the average rainfall is 720 mm.
Heating of Korça is not an unknown issue, although it still remains unsolved despite many efforts in this sector. This paper shortly describes
the building typology and their thermal characteristics in Korça. After defining the heating demand of the Korça city, where as input in the
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baseline scenario where wood is used as an energy source. Heat pump and natural gas energy scenario have been used for this comparative
study. Energy and cost analysis for three scenarios are discussed in this paper.

Keywords: HEATING, ENERGY SCENARIO, WOOD, NATURAL, GAS, ELECTRICITY, COST
Meanwhile, in terms of urban areas in our country, there is again a
dominance of firewood with about 36%, while the use of electricity
is very high in cities with about 24%, see Fig.1.

1. Introduction
The Municipality of Korça lies in the Southeastern region of
Albania and has a North-South extension of 32 km and east-west
40km, with a territorial area of 730 km²[1]. This geographical
position has played a decisive role in its social, economic and
cultural development. The geostrategic position of the Municipality
of Korça, in a cross-border area with Greece and Northern
Macedonia, has led to the passage of important transport axes in its
territory, which connect Albania with the Southeast Balkans and
beyond. Based on [2] currently the city of Korça has 86,443
inhabitants or 43.1% of the total population as a district. It is
distributed in 18 neighborhoods, grouped in 3 regions. The city of
Korça is located at an altitude of 850 m above sea level, and has a
continental climate characterized by a partly mountainous and
partly continental climate, with cold winters where temperatures
drop below 0 °C to -8oC (January) and hot, dry summer with
temperatures exceeding 30 °C (August). The average annual
temperature reaches 10.6oC, however in few cases were recorded
with temperature up to 40oC. The snow starts to fall at the end of
November and continues steadily until February. This territory
almost all year round but especially in the period late autumn-early
spring is beaten by cold winds. The lowest average temperature is
during January about 1.5oC with a minimum of -17.2oC [3].
Referring the fuel source households in Korça before the year 1990
used coal for district heating supply. Currently use of coal is
excluded as an option as fuel source for heating purposes. After the
‘90s firewood is the main fuel source for heating in households that
varies from 65-88 % dependent on climate conditions, building
typology, heating technology, annual incomes etc [4]. Electricity
remains an option for heating supply in the city by efficient use of
heat pumps and ultimate efficiency improvement this technology.
Liquefied petroleum gas LPG use for heating is used only in fair
rate, however it is used in a wide range for cooking in households
and services. It is estimated that 60% of the households use LPG for
cooking demand [5].

Fig.1 Source of energy used for heating in Albanian households
Regarding the municipality of Korça, the data from the Census
2011 present an interesting overview to compare them with the data
at the national level in terms of energy sources used for heating
purposes.
Source of energy for heating in Korca municipality
2%

1%
1%
Firewood

4%

Electricity
LPG
Other energy
source
92%

No heating

2. Situation with heating supply in the municipality of
Korça

Fig.2 Energy Source used for heating in Korca municipality

According to a survey conducted by INSTAT (Institute of
Statistics) Census 2011 [6] at the national level, a complete
overview of the main energy sources used in the heating sector is
given. In national scale, firewood occupy about 60% of the use for
heating apartments and buildings in our country, followed by
liquefied gas and electricity as the primary source of energy. It is
important to mention that according to the Census 2011; around 6%
of population does not use any energy source for heating in their
apartments. At national level the use of firewood reaches about 85%
in rural areas according to the Census 2011, while the use of
electricity in these areas remains low with about 4% use for heating.

In the Fig.2 it is evident that firewood occupies the largest share
among energy sources for heating with about 92% of the total. After
firewood stands LPG with 4% and electricity with about 2%. About
1% of respondents do not confirm any energy source used during
winter days. Despite the problems that have accompanied this
sector, starting from the forest moratorium, the increase of firewood
price, pollution, difficulties in disposal, preparation and
transportation, to date it remains an irreplaceable source of energy
for the households in Korça. Firewood is used at most
conventionally in wood stoves, heating is supplied in a specific area
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Based on the typology of buildings and data obtained from INSTAT
presented above in the table above the city of Korça consists of
6792 buildings, where 4615 of them are individual houses, 1014 are
partially detached houses, 429 are houses in progress or terraces and
in the following years about 734 palaces were built.

by not fulfilling the total heating demand and lack of thermal
comfort. Often, a supplementary source of heat supply is required in
the households to confront low winter temperatures in the houses.

Household energy consumption for
heating in Korca (kWh)
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Fig.5 Residential building typology constructed between 1970-1980
in Korca

Month
Fig.3 Monthly energy consumption in heating for a typical
household in Korça

Fig. 6 View of Korça’s residential buildings during winter season
Fig.5 and Fig.6 illustrates building typologies for the city of Korça.
Major part of the residential buildings and public buildings due to
poor investment lack thermal insulation and many building blocks
appear to have essential construction problems, fair plastering etc.

3.1 Identification of heat losses
In order to evaluate the heat energy demand it is necessary to
calculate the heat losses for the building typologies considered in
this paper. For this case study we have considered six building
typologies. The space heating of the buildings considered in the
study is calculated according to the seasonal method of almost
stable condition, defined in the standard EN ISO 13790: 2008 [8,9].

Fig.4 Electricity consumption in a typical household in Korca
Referring to firewood with average calorific value 20000 kJ/kg, and
average monthly consumption for each household, the average
energy consumption for heating the apartment is determined. The
results are presented in Fig.3. The Fig.4 shows that electricity
consumption in household increases by 15.9% in January compared
to the consumption in period which there is no heating or cooling of
the apartment. This change, results in 15.4%, needs to be monitored
over several years. This is argued by the increase in electricity
consumption used for lighting and domestic hot water, during this
period. It should also be noted the appearance of a peak in August,
which is related to the use of electricity during summer cooling.

Table 1. Structure physical data characteristics
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3. Building Typology

Brick

Based on many studies on the architecture of the city of Korca, it is
characterized by the following typologies of buildings [7]:

Outside plaster



Outside surface
resistance

Residential neighborhoods from the socialism period are
mostly single-family houses, built after the 1950s around
the traditional core.



Residential neighborhoods with collective apartment
buildings, characterized by large residential blocks (4-5
floors) organized with limited space.



Residential blocks constructed between 1980-1990 with
six floor buildings;



Multifunctional buildings with 8-9 floor constructed after
1990s.
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0
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0.0

1.31468 374.3

For this study a typical apartment of 100 m2 is taken into
consideration, the hospital building of 2320 m2, a school with 1941
m2 as a reference, a hotel with typical 255 m2 and service building
with an area of 180 m2. Heat losses take into account all opaque
structures and those in windows, including heat losses from
transmission and other types of heat losses. It is understandable that
buildings in the category of office destination result in greater heat
loss than other buildings, where an essential role plays the the
building architecture. Fig.7 presents the comparative values of
specific heat losses for the building typologies taking into account:
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of them air conditioners. Heat pumps can be of several types such
as: Air-to-air which are even more prevalent, are characterized by a
high efficiency and relatively lower installation cost compared to
other heat pump systems. The second type is Air-water and waterwater heat pumps. For this scenario two heating methods were
taken into account: heat pump and electric heater. The systems
analysis is performed in the HAP (Hourly Analysis Program)
software [11] which evaluates the hourly energy consumption
throughout the year for the respective climate data. Korça climate
data served as an input that has been used in this system.

80.0

100.0

120.0 140.0

160.0

Fig.7 Specific heat losses for the typical building typologies in
Korca

4. Space heating energy scenarios
Residential sector is the second largest energy consumption
sector in Albania behind transportation [10]. There exist some
models for estimation of energy consumption in buildings, such as
top-down and bottom-up model. Both models conclude in a linear
function of energy consumption and GDP, price level, urbanization
rate etc. In this study we will focus on a baseline scenario which is
firewood, electricity (heat pump) scenario and natural gas scenario.
First it is important to estimate the specific heat demand for all the
building typologies.

Hospital

60.0

Fig.9 Specific heat demand for non-insulated structures of the
buildings
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Specific heat demand
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4.1 Firewood baseline scenario

Office

Firewood as mentioned above is the main source of fuel used
in space heating in the municipality of Korça. This has
caused large damages in the forests around the city, although
the government has stopped by law illegal deforestation.
However, these measures have not stopped the problem and
firewood low prices play a key role in using wood for space
heating. To evaluate the firewood three different stoves
efficiency have been considered. The results are given below
in Fig.8
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a) the application of thermal insulation of the wall and , b) no
insulation applied since the major part of the buildings lack this
measure.

8

Fig. 10 Specific heat demand in buildings with thermal insulation of
structures
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Eficciency85%
Efficiency65%

From what can be seen from the above graphs for all facilities are
estimated energy consumption in heating. It is evident the
differences between two electric heating systems are clear, where
the performance of the heat pumps is evaluated through the seasonal
energy performance coefficient.

Efficiency 50%

2
1
0
Specific firewood
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Specific consumption
(ton/capita

Firewood per
household
(m3/household)

Firewood consumption
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4.3 Natural gas energy scenario
Addressing together energy consumption for water heating,
cooking, and space heating the household thermal energy that can
be replaced by natural gas is determined. By calculating the
projected number of households in the city of Korça, the potential
consumption of natural gas will be determined according to the
years of implementation and expansion of the network and potential
customers. Considering that the TAP pipeline (Trans Adriatic
Pipeline [12] passes 3 km away from the city, presents a significant
opportunity for gas heating of the city, it would be a project that
should be in the priority commitments of local government for the
next years. A typical family, in regions with the climate of Korça,
spends an average of 1800 m3 gas per year, for heating all rooms
(120 m²), hot water and cooking. In the winter season on average,
this family consumes 200 m3 of gas per month. If the price per m3 of
natural gas is predicted to be 0.34 Euro according to [13] (North
Macedonia natural gas price 0.38 Euro/m3; in Romania 0.30

Fig.8 Specific firewood consumption in space heating for Korca
Currently heating supply by firewood used as energy source results
more economically effective, however it is expected that a new
approach in the consumer’s behaviour.

4.2 Heat Pump scenario
Electricity is one of the main sources of energy for heating.
However, in the city of Korca, this energy source is seen more as an
alternative to firewood, or as a supplementary energy source for
space heating. As can be distinguished in the paragraphs above, the
use of electricity for heating in the Korca municipality is at low
levels, where according to the 2011 Census it resulted in values
around 2%. Out of this figure about 9% use electric heaters and 6%
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highest demand in energy results in the hospital building
and offices, related to the architecture of the buildings.
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Electricity consumption for heating environments
considered with heat pump varies from 30 kWh m2 to 68
kWh/m2 .In this case the seasonal coefficient of
performance of the heat pump is accepted SCOP = 2.5



The annual operating cost of heat pump space heating
varies from 2.11 Euro/m2 to 4.82 Euro/ m2. The average
operating cost of heat pump heating results 3.08 Euro/ m2.
For this scenario the price of electricity was taken
unchanged in time, respecting the current price of
electricity for household customers of 0.08 Euro/kWh.



Natural gas supply from TAP pipeline is an option for
space heating of Korça households. Space heating cost
highly depends on fuel cost. The average cost of natural
gas heating for this scenario is 3.28 Euro/m2.



Gas boiler heating is quite competitive compared to heat
pumps, although current low electricity prices in Albania.
It is expected that electricity process would increase in the
near future, then natural gas perspective will be clearer.

Natural gas
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Novemb…
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June
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March

February

Electricity (Heat pump)

January

Cost Euro/month

Euro/m ; Turkey 0.20 Euro/m3) it will be paid in winter, for heating
a 120 m2 apartment, hot water and cooking, per month 68 euros
(including VAT) and in summer less than half of this amount (hot
water and cooking). For the same conditions, in winter, if electricity
were to be used, it would cost around 200 Euro, which results three
times more expensive.

Fig.11 Distribution of space heating operation cost for the two
scenarios
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5. Conclusions
The Municipality of Korça is one of the main economic, cultural
and educational centres in our country. Due to its climate the
heating season in Korça begins in October and ends in April. The
main energy source for heating remains firewood. Annual firewood
consumption is estimated at around 105,000 m3, however this
number may be even higher due to informal logging. In addition to
the deforestation, this is accompanied by other environmental
problems such as pollution and lack of heating supply for the whole
inhabited areas. In this study was evaluated the current situation of
the buildings stock in Korça, their main typologies, and the methods
of heating in buildings in Korça were analysed. For this study five
main building typologies were taken into account. The data showed
that about 92% of households use firewood for heating, while the
rest use other types of energy, such as electricity, LPG, etc. Some of
the main conclusions in this paper are:


[9] Weeraddana D, Khoal N. L. D, O’Neil L, etc- Energy
consumption forecasting using a stacked nonparametric Bayesian
approachComputer
Science,
November
2020,
https://arxiv.org/abs/2011.05519
[10]
National
Energy
Strategy
2018-2030,
Source
www.infrastruktura.gov.al
[11] Hourly Analysis Programme (Software)
[12] Trans Adriatic Pipeline, www.tap-ag.com
[13] World Bank, Gas distribution Network in North MacedoniaFinal Report, April 2020

2

The heating demand results from 80 kWh/ m to 170
kWh/m2 in existing fair constructed buildings. The
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