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New integrated system with “circle economy” impact

Tanya Tsoncheva*, Nartzislav Petrov
Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Science, Sofia, Bulgaria
Tanya.Tsoncheva@orgchm.bas.bg

Abstract: The current study is focused on the development of integrated system for safety production and storage of hydrogen with a
potential impact to the “Circle Economy”. The possibility of methanol production from diverse waste sources determines its key role in the
integrated scheme. The originality of the proposed system is the conversion of the waste sources (different agricultural residues, coal tar
pitch from low-rank coals, waste motor oils and polyolefin wax) to activated carbons by suitable technologies. Further, these activated
carbons are modified with finely dispersed zinc ferrite nanoparticles. The obtained composites are used as catalysts for hydrogen release
from methanol by decomposition. The phase composition, surface functionality, texture and structure features of the catalysts are
characterized by X-ray diffraction, Low-temperature nitrogen physisorption, Moessbauer spectroscopy and Boehm method. The possibility
for the regulation of the catalyst efficiency by simple selection of the activated carbon waste precursor is demonstrated.

Keywords: HYDROGEN PRODUCTION; CIRCLE ECONOMY; WASTE UTILIZATION, ACTIVATED CARBON, CATALYSTS

1. Introduction

The recent worldwide conventions for development of
sustainable and environment-friendly economy clearly declare the
need of the replacement of the conventional energy sources by clean
and renewable ones with a simultaneous increase of the efficiency
of the waste management. Nowadays, both “Hydrogen Economy”
and “Circle Economy” reveal great potential in this aspect.

Hydrogen is the most efficient energy vector with zero pollutant
emissions [1]. The development of cheap and safety systems for
hydrogen storage, transportation and supply is the main challenge
for its wide application in the industrial and mobile installations.
Hydrogen storage in the form of different liquid compounds seems
to be an appropriate way to avoid these troubles. Due to the high
H/C ratio, methanol has been considered as the most suitable
molecule [2]. Besides, methanol could be produced from different
waste, including renewable, sources by well-developed technologies
and easily release hydrogen in case of need via simple catalytic
decomposition [3]. Obviously, the efficiency of this process
strongly depends on the activity, selectivity and the price of the
catalysts used.

Recently, many efforts have been done to replace the expensive
noble metals by alternative transition metal-based catalysts. The
development of nanoscale bi-component metal containing systems
has been assumed as appropriate approach to increase their catalytic
activity not only due to the improved dispersion and enhanced
electron transfer between different components, but also, via the
generation of synergistic effects. Here, ferrite materials with a
common formula MFe,O4 gain a considerable attention. These
compounds possess spinel structure, where the metal ions are in
tetrahedral and octahedral coordination by the oxygen ions. The
catalytic behaviour of the ferrites could be controlled by variation of
the nature and the position of the metal ions in the spinel structure
[4]. Among them, ZnFe,O4 is a normal spinel, where Zn? ions
occupy mainly the tetrahedral sub-lattice, while the Fe®* ions are
located in the octahedral positions.

“Circle Economy” is a novel strategy for the elimination of
wastes. Its feature potential strongly depends on the development of
cost-effective technologies for waste recycling and transformation
to valuable functional materials for diverse applications. The
production of activated carbon (AC) from waste and low-cost
precursors is a reliable way for their utilization. Nowadays, a
permanently increasing number of publications related to the
development of energy-effective technologies for AC production
from various waste precursors are available [5]. Due to the unusual
texture porous characteristics and tunable surface functionality,
activated carbon has been considered as an appropriate catalyst
support. However, nowadays only a few reports on the application
of AC from waste sources for catalysts preparation are known.
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This paper is aimed at the demonstration of integrated methanol
based catalytic system for hydrogen production. Here, both
methanol and the catalysts needed for the hydrogen release from it
could be produced from waste sources. Particularly, the manuscript
is focused on the production of activated carbons with tunable
textural and surface characteristics from different waste precursors
(agriculture residues, spent motor oil, polyolefin wax, coal tar
pitch). Further, they were modified with ZnFe,O, and thus obtained
composites were tested as catalysts in methanol decomposition to
syngas. Different physicochemical techniques such as Nitrogen
physisorption, X-ray diffraction, Moessbauer spectroscopy and
Boehm method were used for the characterization of the phase
composition, texture and surface properties of the obtained AC and
their ferrite modifications. The relation between waste precursor
composition, activated carbon features and catalytic behavior of its
ferrite modification were discussed in details.

2. Experimental
2.1. Activated carbons and catalysts preparation

Activated carbons denoted as ACCS and ACWN were prepared
from canning industry residues such as cherry stones and walnut
shells, respectively, by one-step hydropyrolysis in a vertical steel
reactor (30 g of the precursor, size of 1-3 nm) at 973 K for 1 h.

The activated carbon denoted as ACCF was prepared from a
mixture of low-rank coal tar pitch and furfural (1:1) by treatment
with concentrated HNO3. The obtained solid product was heated at
873 K under nitrogen atmosphere. The obtained carbonized material
was further submitted to steam activation at 1073 K for 1 h.

Activated carbons denoted as ACPS and ACAR were produced
from peach stones and dry aronia residues (both of them waste
products from the canning industry), respectively, by two-step
procedure of carbonization in nitrogen atmosphere at 823 K for 30
min and further activation with water vapour at 1023 K for 1h.

Activated carbon denoted as ACWP was obtained from a
mixture of 60% sawdust (waste product from the wood pellets
production) and 40% polymer waste by heating at 600 K and next
drop-wise addition of concentrated H,SO,4 The obtained solid
granular product was carbonized by treatment in nitrogen at 873 K
for 30 min and then, activated with water vapour at 1123 K for 30
min. Similar procedure was applied for the preparation of ACMF
activated carbon, starting from a mixture of spent motor oil and
furfural (1:1 wt. ratio).

The activated carbon, denoted as ACPO, was obtained from
polyolefin wax (waste product from ethylene production) by heating
up to 400 K until melting and further treatment with concentrated
H,SO, until solidification. The obtained solid was carbonized at 823
K and then, subjected to water steam activation at 1073 K for 1 h.
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The reference KIT-6 mesoporous silica was prepared according
to the procedure described in [6].

Thus obtained activated carbons and mesoporous silica were
modified by incipient wetness impregnation with methanol solution
of Fe(NO3)3.9H,0 and Zn(NO3),.6H,O (total metal content of 8
wt.% and Zn:Fe mol ratio of 1:2) followed by treatment in nitrogen
at 773 K for 2 h. The obtained carbon modifications were noted as
ZnFe/AC, where AC was the corresponding activated carbon.

2.2. Methods of investigation

The agriculture precursor was subjected to chemical analyses by
extraction with toluene-ethanol mixture and sulfuric acid with
different concentrations according to the procedure described in [7].

The texture of the obtained materials was studied by low-
temperature nitrogen adsorption in a Quantachrome Instruments
NOVA 1200e (USA) apparatus. The specific surface area was
determined from Brunauer Emmett Teller (BET) equation, the total
pore volume was obtained at a relative pressure of 0.99, the
micropores volume was elucidated by V-t-method. The mesopore
size distribution was made by Non Localized Density Functional
Theory (NLDFT) method, using proper models and the micropore
size distribution was calculated by the Dubinin-Astakhov method.

The amount of surface oxygen-containing acidic functional
groups was determined by Boehm method as was described in [8].
The basic groups were determined by titration with HCI.

Powder X-ray diffraction (XRD) study was performed on a
Bruker D8 Advance diffractometer (Bruker AXS GmbH, Germany)
with Cu Ko radiation and a LynxEye detector with constant step of
0.02° 20 and counting time of 17.5 s per step. Mean crystallite size
were determined by the Topas-4.2 software.

The Mossbauer spectra at room temperature (RT) and liquid
nitrogen temperature (LNT) were recorded by Wissel
(Wissenschaftliche Elektronik GmbH, Germany) electromechanical
spectrometer working in a constant acceleration mode. A 57Co/Rh
(activity = 10 mCi) source and o Fe standard were used. The spectra
were fitted using CONFIT2000 software.

The catalytic tests were carried out in a flow type fixed-bed
reactor (55 mg of catalyst). Methanol (1.57 kPa) was introduced
into the reactor from a saturator, thermo-stated at 273 K using argon
as a carrier gas (50 cmmin?). On-line gas chromatographic
analyses were performed on a SCION 456-GC apparatus equipped
with flame ionization and thermoconductivity detectors using
PORAPAC-Q column.

3. Results and Discussion
3.1. AC precursor characterization

The chemical analyses of agriculture precursors revealed
predominantly presence of lignin, cellulose and holocelulose in
different proportions. The cherry stones and walnut shells consisted
of significantly high amount of lignin (40-43%), 25-28% of
cellulose and 51-55% of holocellulose. The peach stones had
slightly lower amount of lignin (37%) and higher portion of
cellulose (33%) and holocellulose (59%). The aronia and sawdust
residues contained relatively lower portion of lignin (29-30%) and
higher amount of cellulose (38-39%) and holocellulose (57-58%).
The precursors of ACCF and ACMF represented a mixture of
furfural and predominantly condensed aromatic or paraffin
hydrocarbons, respectively, while the ACPO precursor was
polyethylene with low degree of polymerization.

3.2. Low-Temperature Nitrogen Physisorption

Data for the texture characteristics of the AC and their ferrite
modifications, obtained by low-temperature nitrogen physisorption,
are listed in Table 1. The nitrogen physisorption isotherms for
selected materials are presented in Figure 1a.

o
>
Q
o
»

b

ZnFeACCF

Volume, cm®g™

Intensity, a.u.

00 02 04 06 08 10 20 40 60 80
2 Theta, deg

Figure 1 Nitrogen physisorption isotherms (a) and XRD patterns (b) of
selected samples.

The isotherms of parent carbon materials possessed steep slope
at low relative pressure and well-defined hysteresis loop above 0.4
P/P,, which according to IUPAC classification, indicates mixed I-
IV type of porous texture. Co-existence of micro- and mesopores,
which proportion varied with the variation in the AC precursor, was
observed (Table 1). Extremely high specific surface area and well-
developed porosity was achieved when cherry (ACCS) and peach
stones (ACPS), walnut shells (ACWN), spent motor oil (ACMO)
and polyolefin wax (ACPO) were used as a precursor.

Table 1. Nitrogen physisorption and XRD data for the parent and ferrite modified activated carbons and reference KIT-6 silica

Sample SeeT \A Vi Vimes! AV, AS Phase Particl
m?/g cm’lg cm’lg Viic % % composition e size, nm
ACCS 1083 1,40 0,16 7,75
ZnFe/ACCS 569 0,28 0.21 0,33 80 47 spinel 10
ACPS 1258 0,61 0,45 0,36
ZnFe/ACPS 965 0,46 0,35 0,31 25 23 spinel 7
ACWN 552 0,31 0,18 0,72
ZnFe/ ACWN 492 0,30 0,20 0,50 3. 11 spinel 15
ACAR 561 0,37 0,23 0,61
ZnFe/ACAR 447 0,29 0,18 0,61 22 20 spinel 11
ACWP 963 0,71 0,20 2,55
ZnFe/ ACWP 719 0,50 0,18 1,77 25 42 amorphous -
ACCF 509 0,28 0,22 0,27
ZnFe,04/ACCF 395 0,22 0,18 0,22 21 22 spinel 29
ACMO 1212 0,84 0,39 1,15
FeZn/ACMO 1118 0,90 0,37 1,43 <0 8 amorphous -
ACPO 972 0,83 0,26 2,19
FeZn/ACPO 637 0,35 0,26 0,35 58 34 spinel 12
KIT-6 931 1,29 0,11 10,72
ZnFe/KIT-6 748 1,04 0,09 10,55 19 20 Zn,Fes, Oy, 13
o -F6203 11
Zno 4-5

With the exception of ACPS, all these activated carbons
possessed also significant portion of mesopores. Obviously, the

presence of larger portion of lignin in the agriculture precursor
facilitates the formation of mesopores, while the micropores are
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predominantly developed using a precursor with higher amount of
cellulose and holocelulose (ACAR, ACPS). The formation of
mesopores was also promoted if polyolefins (ACPO, ACWP) and
paraffins were present in the precursor (ACMO), while mainly
microporous texture was detected when a precursor consisted of
condensed aromatic compounds, such as coal tar pitch (ACCF).

The reference KIT-6 silica sample represented (not shown)
well-defined porous texture of well-organized cylindrical
mesopores. For this material, negligible amount of micropores were
also detected.

After the modification, for most of the activated carbons a
significant drop in the specific surface area and total pore volume
was found (Table 1). The preservation of the shape of the isotherms
reveals absence of significant structural collapse of the activated
carbon support. The observed textural changes could be assigned to
pore blocking due to the deposition of small metal-containing
particles within the pores or nearby their entrances. For the ACCS,
ACWP and ACPO based materials this was also combined with
significant decrease in the Vpmes/Vimic ratio, indicating predominant
deposition of metal particles within the mesopores or nearby their
entrances. Just the opposite, the slight variations in the Ves/Vimic

ratio with a simultaneous significant decrease in the total pore
volume and BET surface area for the ACPS and ACCF
modifications proposes almost random deposition of the metal
phase into the micro- and mesopores of the activated carbon. Note
the negligible changes in the textural characteristics of ACWN
during the modification, which could be assigned to predominant
deposition of particles on the external carbon surface. The observed
simultaneous slight increase in the total pore volume and V mes/Viic
ratio for the ACMO based sample proposes that the modification
procedure initiates formation of additional, predominantly
micropores.

For the reference ZnFe/KIT-6, the significant decrease in the
total pore volume and BET surface area combined with a negligible
change of the Vpes/Vmic ratio indicate that the modification
procedure provides almost random blocking of the micro- and
mesopores of the silica support.

3.3. Surface functionality of the activated carbons

Table 2 presents data for the surface functional groups of the
activated carbons, elucidated on the base of the Boehm method [8]
and by titration with HCI, respectively.

Table 2. Surface functional groups of pristine activated carbons

Sample Surface functional groups, mmol/g
Carboxyl Lactone Phenol Carbonyl Total acidic Total basic
hydroxyl groups groups

ACCS BDL 0.18 0,55 0,44 1,17 1,65
ACPS BDL BDL 0,29 1,07 1,36 1,04
ACWN BDL BDL BDL 0,54 0,54 0,22
ACAR BDL BDL 0,03 0,45 0,48 1,65
ACWP BDL BDL 0,40 2,90 3,30 0,70
ACCF 0,01 0,06 0,21 1,36 1,64 0,98
ACMO 0,15 0,80 0,18 0,98 1,96 0,47
ACPO BDL BDL 2,25 2,59 4,84 0,78

Surface hydroxyl and carbonyl groups were mainly registered
for all AC. Their amount was significant for the carbons obtained
from polyolefin wax (ACPO) and sawdust (ACWP). Almost similar
portion of these acidic groups was registered for the former
material, while carbonyl groups dominated in the latter. The
carbonyl groups were mainly detected also in the other activated
carbons with the exception of ACCS, where a significant amount of
hydroxyl groups was observed. For the carbon obtained from spent
motor oil (ACMO) the carbonyl groups co-existed with almost
similar portion of lactone groups. The surface acidic functional
groups were extremely low for the AC obtained from walnut
(ACWN) and aronia (ACAR) residues. For ACWN and ACMO
relatively small amount of surface basic groups was also registered.

3.4. X-ray diffraction

The XRD patterns of selected materials are shown in Figure 1b.
The broad diffraction peaks at around 22.4° and 43.2° could be
assigned to (002) and (101) planes of carbon turbostratic structure.
The slightly narrow (002) reflection for ACCF indicates that the
condensed aromatic structure of the coal tar pitch precursor
provides the formation of AC with higher crystallinity.

The additional reflections at about 30°, 36°, 43°, 53°, 57°, 62°
and 74° 20 for most of the AC modifications correspond to (220),
(311), (222), (400), (422), (511) and (440) planes of ZnFe,O, spinel
phase with average crystallite size of 10-30 nm (Table 1). These
reflections were not observed for the ZnFe/ACWP and
ZnFe/ACMO indicating presence of highly dispersed ferrite phase.
In the case of the reference ZnFe/KIT-6 small reflections of Fe,O3
and ZnO with average crystallite size of 11 and 5 nm, respectively,
were also detected, indicating that the long mesopores of the KIT-6
support renders difficult the formation of ferrite phase.
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3.5. Moesshauer spectroscopy

The room temperature Moessbauer spectra for all modifications
are recorded (not shown) and the values of the isomer shift (IS),
quadruple splitting (A), hyperfine magnetic field (Bp¢), line width
(Gexp) and relative weight of each component (G) are listed in Table
3. The spectra of ZnFe/ACCS, ZnFe/ACAR, ZnFe/ACCF were well
fitted with doublets and sextets. The parameters of the sextets,
which relative part represented about 15-17 %, could be assigned to
Zn-substituted magnetite phase with average particle size above 10-
12 nm. This indicates the reduction activity of the AC support
during the formation of the ferrite phase. The interpretation of the
doublet part in the spectra is more complicated. The Moessbauer
spectra collected under the temperature of liquid nitrogen (LNT)
indicated that they could be partially assigned to the particles with
average size bellow 12 nm, but also to the spinel phase with
relatively high amount of Zn-substitution in it. Note, that the spectra
of ZnFe/ACPS, ZnFe/ACWP and ZnFe/ACMO contained only
doublets, indicating high dispersion of metal oxide phase in them.
In case of ZnFe/ACPO, additional sextet with relative weight of 9%
and parameters typical of Fe,O; was observed. Obviously, the
dispersion and phase composition of the loaded metal oxides
depend in a complex way both from the texture and surface
characteristics of the AC support. The well-developed
microporosity of ACPS and the formation of additional pores
during the modification procedure in ACMO promote the
production of very finely dispersed spinel particles. The high
amount of surface carbonyl groups in ACWP probably regulates the
growth of spinel particles into the mesopores by blocking of the
micropore entrances. We can propose that the strong interaction of
the distinct metal oxide entities with the surface hydroxyl groups of
the ACPO renders difficult the interaction between them and
provides the formation of separate hematite and ZnO phases.
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Table 3. Parameters of room temperature Moessbauer spectra for Zn-ferrite modified activated carbons and KIT-6 silica. Parameters of
Moesshauer spectra collected at liquid nitrogen temperature (LNT) and after the catalytic test (c) for selected samples are also presented.

3.6. Methanol decomposition

All carbon modifications demonstrated catalytic activity in
methanol decomposition above 570-600 K, which exceeded about
70-100% at 670-720 K. The highest catalytic activity (Figure 2a)
was detected for ZnFe/ACWP and ZnFe/ACMO, followed by
ZnFe/ACCS and ZnFe/ACWN.
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Figure 2. Methanol conversion at 675K (a) and products distribution at
50% conversion (b).

For these samples about 50-65 % selectivity to CO and hydrogen
was achieved at 50% methanol conversion (Figure 2b). Methane
and CO, were also detected as by-products. The lowest catalytic
activity was observed for ZnFe/ACAR and ZnFe/ACPO as well as
for the reference ZnFe/KIT-6. The Moessbauer analyses of the
samples after the catalytic test clearly demonstrated reduction
transformations of the spinel phase with the formation of FeO and
FesC. Considering the data from the physicochemical
characterization, the positive impact of the mesopores in the
ACWN, ACCS and ACWP could be assumed. This effect is
enhanced with the increase of the lignin component in the
agriculture precursor (ACCS, ACWN) or by the addition of
polymer to the cellulose- and holocellulose-rich one (ACWP). The
presence of paraffins and furfural in ACMO precursor promotes the
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Sample Components o, mm/s 4,mm/s B, T Ty, mm/s G, %
ZnFe/ACCS Sx1-Fe** o ZniFes 0, 0.33 0.00 390 1.00 15
Dbl-Fe* oua 0.34 0.38 - 0.34 44
Db2-Fe*" oa 0.34 0.84 - 0.55 41
ZnFe /IACPS Db - Fe*ua — ZnFes <0, 0.35 0.74 - 0.58 100
ZnFe /IACPS Db - Fe** s — ZniFes, 0, 0.34 0.74 - 0.55 100
(LNT)
ZnFe/ACWN Db1-Fe** oo ZNFesO, 0.35 0.40 - 0.43 52
Db2-Fe* 0.33 0.96 0.59 48
ZnFe/ ACWN(c) Sx—Fe;C 0.13 0.04 209 0.45 26
Db-Fe* 0.27 0.73 - 0.68 61
Sn- FeO 1.08 - - 1.27 13
ZnFe /ACAR Sx1-Fe*" o ZNiFes 0, 0.33 0.00 36.1 1.00 17
Db1-Fe* o 0.34 0.37 - 0.34 43
Db2-Fe* o 0.38 0.79 - 0.75 41
ZnFe /ACWP Dbl-Fe* o 0.33 0.54 - 0.36 34
Db2-Fe** o 0.33 0.97 - 0.47 66
ZnFe/ACCF Sx1- Fe** o ZN,Fes0, 0.32 0.00 475 041 17
Dbl-Fe* o 0.34 0.41 - 0.36 42
Db2-Fe* s 0.33 0.92 - 0.49 41
ZnFe/ACCF SX1-Fe** e - ZNXFe3x0, 0.41 0.04 505 1.10 14
(LNT) Sx2-Fe?%* oa - ZNXFe3.50, 0.81 0.04 461 0.82 12
Dbl-Fe* o 0.34 0.45 - 0.36 33
Db2-Fe** s 0.34 0.83 - 0.52 41
ZnFe/ ACMO Db-Fe* o ZN,Fesx0, 0.34 0.80 - 0.54 100
ZnFe JACPO Sx1 - Fe3+octa - o-Fe203 0.34 -0.10 506 0.60 9
Sx2 - Fe3+tetra - ZnFe; O, 0.29 0.00 479 0.90 13
Sx3 - Fe2 5+octa -Zn,Fe; 0, 0.61 0.00 426 1.50 18
Db - Fe3+octa— Zn,Fe; O, 0.35 0.67 - 0.68 60
ZnFe /KIT-6 Sx1 - Fe* s - 0-Fe,03 0.33 0.11 504 0.50 15
SX2 - Fe* s - ZNkFe3,04 0.30 0.00 46.6 1.00 21
Sx3 - Fe?™ yua - ZNFe3, 04 0.64 0.00 435 1.20 10
Db — Fe* oa 0.34 0.67 - 0.51 54
formation of additional pores during the modification, which

facilitates the formation of accessible and highly active spinel
particles. The domination of micropores in the ACPS, ACAR and
ACCEF renders difficult the diffusion of the reactants to the blocked
in them active spinel species, leading to lower catalytic activity.
Similar effect is achieved by the presence of high amount of surface
OH groups (ACPO) or long mesopores of KIT-6, which promotes
segregation of low-active individual Fe,O3 and ZnO phases.

4. Conclusion

Activated carbons produced from diverse waste precursors
demonstrate good potential for the development of integrated
catalytic system for hydrogen production from waste. The
efficiency of the catalysts strongly depends on the texture and
surface characteristics of the carbon supports as well as on the
reductive phase transformations of the loaded spinel phase under
the reaction medium. All these features could be easily controlled
by the regulation of the AC waste precursor composition.
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RFID practices as a prerequisite for smart warehousing
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Abstract: The emergence of Industry 4.0 has led to the development of high-tech solutions that influence a number of related activities. In the
field of warehousing management, as an important element of logistics systems, there is also an impact that follows a certain model.
Warehousing 4.0 and related developments have to be supported by a number of basic technologies for automatic identification, and
technologies that represent intelligent connections to the real world. One of these is the Internet of Things (loT), which is essentially based
on many other solutions, including radiofrequency identification (RFID). The report presents some aspects of the application of RFID in the
management of warehousing processes, and also reveals some basic practices of trade and manufacturing enterprises in that field. The study
represents the results of a survey focused on warehousing management practices in Bulgaria. The results reveal some fundamental aspects
of radiofrequency identification practices as a prerequisite for smart warehousing. The general findings are related to the relatively low and
insufficient level of RFID technology usage in the field of warehousing.

Keywords: WAREHOUSING 4.0, RFID, loT

1. Introduction 2. RFID technology in warehousing

Warehousing is an important part of any logistics system. RFID technology has a future in a variety of specific
Related activities ensure the efficient movement of material flows applications. It is hardly possible to list them all because the
in the supply chain. In modern views and under the pressure of  technology and practice is so vast that its application depends solely
strong competition, warehouses seen as an important managerial on the creativity of its users. It is applicable wherever there are
aspect, and not only as a carrier of costs. An integral element of  separate material units that may be marked with tags - in
their successful management is the use of modern information procurement, operations and distribution.
systems and technologies, especially in the context of Industry 4.0,
which is associated with a number of technologies based on
autonomy, robotics, the Internet of Things (IoT) and cloud
technologies [1], and forces for that change are general social,
economic, and political changes and technology-push [2]. The
technological solutions here are highly connected and they are
intelligent to the real world [3]. The development of this topic also
reflects and leads to the emergence of the term Logistics 4.0 [4,5]
and the same views are inherent. Some aspects of the definition of
Logistics 4.0 indicate that it is focused on customer satisfaction
with using digital technologies [6].

Tracking units passing through and their movement [22] is the
most well-known and widespread application of the technology.
When a unit is tagged, its movement can be tracked. For example, if
a pallet has an RFID tag and it is moved from one warehouse area
to another, the readers located between the two zones reflect the
movement and submit information about it to the information
system. The variations of this application are endless - identifying
exactly which goods are unloaded from a vehicle to a warehouse,
how many and what goods have left the warehouse, at which dock
in the warehouse they is located, etc.

In the previous applications the identifications system/reader
was stationary, and only the tagged unit was moved. In practice,
there are other solutions that use moving identification systems,
such as warehousing material handling machines. They have also a
real-time data connection with the main server, and this is an
opportunity for a more advanced application. Through fast research
on the internet for practical solutions it is possible to conclude that
the market is growing. The summarized vision for the main
elements of an RFID-enabled warehouse are shown in Fig. 1.

According to [7], recently terms have appeared such as ‘Digital
Supply chain’, ‘Supply Chain 4.0, ‘Digital logistics’, ‘Smart
logistics’ in theory and practice. Logistics is a dynamic system and
consists of many subsystems. Warehouses are one of them [8] and
in the context of Logistics 4.0 they are a potential research area [9].
In accordance with the requirements of Industry 4.0, logistics
processes are reorganized [10]. This problem has a significant
impact on the science and there is growing appearance of research
papers for the last several years in scientific research databases.

Because of the interrelation between Industry 4.0, Logistics 4.0 and T TTTTTTTTTTTT T E T T T T T A mImm ';
the appearance of Warehousing 4.0 it is possible to confirm the 1 _ - "‘I'D"t‘_’“e" |
findings of [11] that smart warehousing is related to automated ! Material handling ey
vehicles, augmented reality, and loT for performing different : machines — SR T RFID-tagged |
warehousing processes. Now there is also the appearance of terms |  equipped with RAD-tagged pallets/units [t :
focused on single warehousing processes such as Order picking 40 1 RFID I
[12]. The importance of IoT technology for modern logistics ! RFID-tagged pallets/units Mt
management and supply chain management is pointed out by : 1
authors like [11,13-15] as can be seen by reviewing their article |  communication RFID-tagged RFID-tagged :
reviews. loT technology encompasses many other technologies and I jnfrastructure - real-time locations |
in the literature is presented in different ways. Nevertheless, it is : link with the information P — Froeseal !
important to note that RFID as automated identification technology | gystem locations locations |
is very basic. RFID tags for facilitating routing, inventory !

management and loss prevention represent an important element of
the technology roadmap of 10T [16]. RFID is in the perception layer
of the architecture of 10T applications [17]. RFID is also defined as Material handling machines are equipped with different RFID
an important part of the intelligent warehouse management systtm  readers. Pallets and handling units are tagged, as well as the
(i-WMS) [18] and also could be used in several energy efficient  warehouse locations. There are some solutions on the market where
warehousing practices that are classified by [19], human resources  the machines are tagged also. When the operator is receiving a task
management [20] and omnichannel specifics [21]. for moving a certain unit from one place to another he is controlled

by the system. The system automatically identifies the loaded units

and sends the data to the information system. At this point, if there

is a mistake the system takes action and warns the operator to stop,

Fig. 1 Fundamental RFID technology components in warehousing
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but if the right unit is taken, the operator receives confirmation to
move on. When machine reaches the appropriate rack and unloads
the unit, the system identifies the place where the unit was unloaded
and if there is an error, sends a warning signal. Using this
technology, many mistakes can be avoided.

Stock-taking and asset tracking - This is another application of
RFID technology that with a single scan allows the physical
location of units in a selected area to be detected. When the
electronic tag of a unit in the area of the respective antenna is read,
it means that the marked unit is also physically located there. When
units have to be located — tags that are in the warehouse area are
located that they are within the range of every antenna. The
information system then knows the area in which the searched tag is
located. This application can also have many variations according to
specific warehousing needs. One of the most common is asset
tracking. Now these ideas are more developed and there are
solutions for RFID inventory control that use drones (unmanned
aerial vehicles - UAVs) and their usage is much faster than human
operators [23].

3. Some warehousing RFID usage practices in
Bulgarian enterprises

The presented research data is a selection from a research
project focused on the warehousing practices in Bulgaria. In the
current article, only a few aspects of the usage of RFID are
included. The research scope is Bulgarian trade and manufacturing
enterprises. Data was collected with an electronic questionnaire in
2020. Over 130 responses were received - 58.2% trade and 41.8%
manufacturing enterprises that were managing warehousing
systems. 28.4% of the respondents were executives in company
management/including logistics, 7.5% were in manufacturing
departments, 15.7% in marketing-related departments and 23% in
logistics. A prerequisite for inclusion in the research sample is that
the company should have and manage a warehouse. Outsourcing of
warehousing activities to logistics service providers is not covered.
Answering all questions in the questionnaire sections was
mandatory.

Generally, the usage of information systems and technologies in
warehousing was relatively low, and that was expected. Several
previous research projects that focused on logistics and supply
chain management in Bulgaria revealed that the level of usage of
information systems and technologies was low and not adequate for
the modern trends and forms of competition. The overall usage of
RFID (means 1-5 from Likert scales) — statements related to
warehouse employees use RFID scanners, warehouse locations are
marked with RFID tags, pallets are marked with RFID tags,
warehousing machines are equipped with RFID scanners are
presented in Fig. 2.

5.00

4.00

3.00

2.00

1 160
1.00 T T T T
Warehouse Warehouse The pallets are Warehousing
employees use locations are  marked with RFID  machines are
RFID scanners  marked with RFID tags equipped with
tags RFID scanners

Fig. 2 Mean scores for statement for usage of RFID in warehousing

The average results were very low and this means that the usage
of RFID in the field of warehousing is unsatisfactory. There is no
adequate warehousing infrastructure, and this reflects the low usage
of automatic identification alternatives. Maybe the traditional
approaches like using barcodes will continue in the coming years
until a trigger for innovation appears.

Another overall descriptive indicator is the average self-
assessment for RFID usage in warehousing. Answers to the
question on the level of implementation of different information
systems and technologies such as RFID in the warehouse reveal that
at present their average usage is 2.10. The future results for the next
three years are more positive and the average results are only 2.84
but the standard deviation in the answers is more than 1.40. When
respondents’ answers are analyzed by type of business — trade or
manufacturing — it is revealed that the trade organizations are more
proactive now as regards warehousing innovations, and this is likely
to continue in the future. This could be explained by the specifics of
their businesses and the intensity of the competition.

Each warehousing process and related activities have significant
roles in the efficiency of the whole warehousing system and they
are associated with certain costs. The relative importance of each of
the processes depends on the specific case, as well as on the specific
functions of the warehousing systems in the whole logistics system.
The processes for order preparation including unit collection from
the warehouse can vary significantly and depend on the specific
warehouse needs. The importance of these types of activities is
great because they are time-consuming, generate many costs and
directly affect the competitiveness of the warehousing system.
Depending on the specific warehousing functions, variations in the
management of the warehousing processes are observed. However,
it is possible to conclude that organization of the warehousing
processes follows the movement of material flows, from their entry
into the warehouse to their departure. This includes receiving and
incoming control; preparation for storage, putting away and storage;
preparation of orders; packaging and labeling; departure.

From the logistics management point of view it is more
important to focus on the potential processes that can lead to
improvement of warehousing systems. In most cases these are the
processes related to the preparation of orders, process often called
"picking” in English or “kommissionieren" from German. In
essence, these are activities related to the collection of products and
the preparation of orders, which generate significant part of the total
warehousing costs according to [24]. That is why they are an
important research and practice topic. They are also a complex of
managing process for which there is no defined universal solution.
These activities are a consolidating result of other solutions in
warehousing and [24] define some of them, like information
systems and technologies, the layout design of the warehouse, and
storage equipment etc. The organization of these processes is
associated with the definition of concepts such as "picking
strategies” and "picking methods". Picking strategies define the
process in general principles and rules, and the methods are related
to the specific methods solution used for picking — paper picking,
using labels, barcode scanners, RFID scanners, voice picking,
picking guided by light and etc. [24]

That is the reason the picking process is focused on the usage of
RFID systems. Research data for the used order picking methods in
the warehouses reveals that only 6.2% of all methods are RFID-
based and they are usually combined with other solutions. This is a
serious difference to global trends. Positive side of the problem is
the right focus of the respondents for their future plans for the next
3 years for development for faster order picking the warehouse.
More than 27% of them have plans for greater usage of
technologies for automatic identification - barcodes or RFID. In
more than 50% of cases they have plans for greater usage of
material handling machines, software systems upgrade, human
resource motivation, and higher wages. In 40.2% of the cases there
are plans for partial automation of warehousing processes.
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There is no difference between the types of organization (trade
or manufacturing) for their answer for the current time. For future
plans, there is a difference. Most significant are the more ambitious
plans of the trade organizations for process automation, more
human resource and a higher level of usage of RFID. For the last
the technology share of the trade organizations is 29.5% and only
24.1% for the manufacturing organizations.

3. Conclusions

In conclusion, it can be confirmed that there is insufficient use
of information technologies in the field of warehousing in Bulgarian
enterprises, especially of the technologies such as RFID that will be
so important in the future for logistics. With the appearance of
Logistics 4.0 and Warehousing 4.0 concepts, it is clear the future
will see modern and highly technological competition. That is why
it is necessary for Bulgarian companies to look for fast development
in that field and to follow the global practices — a high level of use
of information systems and technologies leading to automation of
warehousing processes. The initial focus should be on the loT
concept and the related components, especially on RFID systems as
a prerequisite for the successful future of smart warehousing.

Acknowledgments: The text was developed within the
university project for scientific research, funded by the Research
Fund of the University of National and World Economy - Bulgaria,
number NI-3-2019 - "Warehousing systems in logistics -
management practices and trends".

4. References

[1] Marr, B. What is Industry 4.0? Here’s A Super Easy

Explanation For Anyone

https://www.forbes.com/sites/bernardmarr/2018/09/02/what-is-

industry-4-0-heres-a-super-easy-explanation-for-anyone/

(accessed Jan 5, 2021)

Lasi, H., Fettke, P., Kemper, H.-G., Feld, T., Hoffmann, M.

Bus Inf Syst Eng (2014), 239-242, 6, DOI: 10.1007/s12599-

014-0334-4

Deloitte Insights Industry 4.0

https://wwwz2.deloitte.com/us/en/insights/focus/industry-4-

0.html (accessed Jan 5, 2021)

Sternad, M., Lerher, T., Gajsek, B. Business Logistics in

Modern Management (2018), 695-708, 18

Zhelyazkova, D. Commerce 4.0 - science, practice and

education. Conference proceedings 483-491

Winkelhaus, S., Grosse, E. H. International Journal of

Production Research (2020), 18-43, 58, DOI:

10.1080/00207543.2019.1612964

Krykavskyy, Y., Pokhylchenko, O., Hayvanovych, N.

Oeconomia Copernicana (2019), 273-290, 10, DOI:

10.24136/0c.2019.014

[8] Ballou, R. H. Business logistics management, 3rd ed., Prentice

Hall, Englewood Cliffs, N.J, (1992)

[9] Domanski, R. Business Logistics in Modern Management
(2019), 387-398, 19

[10] Demirova, S. International Scientific Journal “Industry 4.0”
(2016), pp.70-73, Year |

[11] van Geest, M., Tekinerdogan, B., Catal, C. Computers in
Industry (2021), 103343, 124, DOI:
10.1016/j.compind.2020.103343

[12] Winkelhaus, S., Grosse, E. H., Morana, S. Computers &
Industrial Engineering (2021), 107511, 159, DOI:
10.1016/j.cie.2021.107511

[13] Yang, M., Fu, M., Zhang, Z. Technological Forecasting and
Social Change (2021), 120795, 169, DOI:
10.1016/j.techfore.2021.120795

[14] Weng Chun Tan, Manjit Singh Sidhu, Sharulhizam Mohamad
Shah TURCOMAT (2021), 1754-1762, 12, DOI:
10.17762/turcomat.v12i3.1002

(2]

(3]

(4
]
6]

(7]

283

[15] Bigliardi, B., Casella, G., Bottani, E. IET collob. intell. manuf.
(2021), 4-12, 3, DOI: 10.1049/cim2.12015

[16] Tejesh, B. S. S., Neeraja, S. Alexandria Engineering Journal
(2018), 3817-3823, 57, DOI: 10.1016/j.aej.2018.02.003

[17] Mostafa, N., Hamdy, W., Alawady, H. Social Sciences (2019),
84, 8, DOI: 10.3390/s0csci8030084

[18] Pulungan, Nugroho, Maidah, Atmojo, Hardo, Pawenang In
Artificial Intelligence and Enterprise Systems Track, (2013)

[19] Mihova, L. Knowledge International Journal (2020), 113-119,
41

[20] Stefanov, M. Knowledge International Journal (2020), 127—
133, 41

[21] Vodenicharova, M. Research Papers of UNWE (2020), 159—
177, 2

[22] Dragomirov, N. Information systems and technologies,
Publishing Complex - UNWE (in Bulgarian), Sofia, (2015)

[23] Fernandez-Caramés, T. M., Blanco-Novoa, O., Froiz-Miguez,
l., Fraga-Lamas, P. Sensors (2019), 2394, 19, DOI:
10.3390/519102394

[24] Richards, G. Warehouse Management: A Complete Guide to
Improving Efficiency and Minimizing Costs in the Modern
Warehouse, Second edition., Kogan Page, London, (2014)



INDUSTRY 4.0 2021, WINTER SESSION

Approaches to support learning in today’s workplace
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Abstract: Workplace learning supports acquiring knowledge and practical skills also to use up-to-date equipment by formal or informal
methods and means and occurs mostly in the workplace. It contributes to learning of employees, employers and the organization as a whole.
As a response to COVID-19 disease, workplace learning had to be changed. Companies need to consider Industry 4.0 to stay competitive in
the market. Among the challenges regarding the transformation towards Industry 4.0 are requirements to re-skill the staff for the new work
environment by using digital technologies. The staff has to adapt to the workplace transformation brought by digitalization, automation and
robotic. So, learning at the workplace should be changed supporting cost-effective delivery modes, easy to access leaning resources, and
flexible learning environments. This paper aims to present first some existing forms, benefits and requirements of workplace learning as well
as factors that are impacting the workplace and can support to drive a new approach to workplace learning. Second, some learning methods
like interdisciplinary experiential ones, reflection as well lifelong learning (LLL) supported by digital technologies are proposed which can
be applied within workplace learning.

Results about existing approaches in published papers, including the author ones, as well as of projects in this field have been used.
Recherche has been done by the Study Group Lifelong Learning of the IAT, coordinated by the author. Finally, the methods described in this
paper for workplace learning have been tested within an Erasmus+ project with participation of the author. The results should help
managers, education responsible, employees to rethink their whole approach to workplace learning: the culture, tools, methods by adopting
a new, modern understanding of what it means to learn at work by using digital technologies. The results should be tested also within other
projects because due to changed situation during the Covid-19 and after it not all proposed approaches have been applied in optimal
conditions. The factors driving workplace learning and the combination of described learning forms described in the paper have not been
applied in this form until now.

Keywords: WORKPLACE LEARNING, DIGITALIZATION, INDUSTRY 4.0, INTERDISCIPLINARY EXPERIENTIAL LEARNING,
REFLECTION, LIFELONG LEARNING

1. Introduction Robert W. Eichinger model of learning shows that 70% of own
learning comes from working on-the-job or from own experiences
Workplace is an important source of learning and workplace at the workplace, 20% of learning comes from observing, being
learning supports the acquisition of knowledge or skills by different  coached and mentored by others, while 10% of learning comes from
methods and means that occur in the workplace. Due to rapid attending classes or formal learning programs
changes in companies, particularly in connection with COVID-19,  (https:/trainingindustry.com/wiki/content-development/the-
digital technologies that have to be used and the need for reskilling 702010-model-for-learning-and-development/).
people to achieve new knowledge and skills to cope with change;

working should be increasingly interconnected with learning. ~ Workplace learning is most informal and is often incorporated
into workplace social interactions and everyday practices, but it can

In the last months, work has changed, and it is not clear how it include also formal elements [25].  Formally qualifications can be
will return to the way before, in particular if remote working by  acquired within learning structure organized for employees, in
using digital technologies will be more used in organizations.  educational and training institutions and various communities
Digitalization will support this necessity. In this year about 40-50%  within organizations. Both formal and informal learning may
of staff returned to their work offices and remote training and work benefit either the organization or the individual or both [7, 23].
will still need to take place. This situation is a great opportunity for . .
companies to re-think their whole approach to learning and Workplace learning has also a “culturally bound”, meaning that
development to build and sustain a continuous company learning the sk|II§ that an emplo_yee_learns correspond to the requirements of
culture [26]. However, such changes will not happen tonight, and a  @Sks within the organization [25]. People learn from each other
number of steps are necessary to build this new world of workplace ~ @nd through finding solutions for their day-to-day problems at the
learning. Designing and delivering modern content and learning ~ Workplace [13, 17, 31]. In-house training organized in companies
experiences in line with new ways of digital learning, working with |nvo_lve planned Iearnlr_\g_ activities that take place near the job or
managers to help them to support everyday learmning individually out_s,lde Wor_k. Short training courses are organized at the workp Igce
and in work teams and groups are necessary [23]. Individuals or |nf0rmat|0r_1 and communication approaches_ the_lt ha_ve a learning
should be helped to take responsibility for their own continuous ~ €lement. Trainers are usually from the organization itself or from
self-development aISO by using |ife|0ng |earning Supported by eXtel’nal entities. Taklng dlfferent Iearnlng Opportunltles at WOI’k IS a
digital platforms, aligned with organizational objectives, adapted to ~ business imperative in order to improve and minimize time for
the Industry 4.0 requirements and sharing their experiences so that ~ business operations. Self-directed learning, networking, coaching
the organization can benefit from it too. and mentoring are some used forms [32]. Workplace learning takes

. . . - . place also within in-house training sessions and within lifelong
In this presentation, first some existing forms, benefits and learning (LLL) processes.

requirements of workplace learning are described as well as factors

that are impacting the workplace and can support to drive a new Lifelong learning is an educational philosophy changing rapidly
approach to Workp]ace |earning. Secondy some |earning methods particularly within digitalization in organizations. People believe
like interdisciplinary experiential ones, reflection as well lifelong  that it is not too early or too late to learn, to change attitudes and to
learning, supported by digital technologies suitable to Industry 4.0 ~ be open to new ideas and decisions. In order to survive/be
are proposed, which can be applied within workplace learning. successful due to many technological changes as well as disruptions

Some of them have been tested by the Study Group Life]ong like this due COVid-lg, the existing and future workforce must be
Learning of the IAT within a European project. engaged, independently or with organizations in which they work,
on continuous expansion and deepening of their own knowledge.

2. Workplace leaming LLL should be a part of daily life, helping i.e., employees to solve

kol learni K l f ithi K-related immediate problems, gain an understanding, or practice some
Workplace leamning takes place often within work-relate specific skills [14]. Younger employees have a different

interactions contributing to the learning of employees, employers o ationship to learning than older generations, instead of asking
and the organization as a whole [6]. Michael M. Lombardo and ey google and so they have access to an unlimited knowledge
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base. The internet, then, acts as a form of lifelong learning.
Companies, who recognize the benefits of training employees
continuously, use digital technologies to provide employee lifelong
training and make learning in the workplace accessible. Today,
many employees no longer want to simply execute. They want to
contribute to company development, want to learn. Beyond creating
innovative products, many employees see corporations improving
people’s lives. These are some reasons why lifelong training is so
important in workplace learning
(https://learning. linked in.com/resources/workplace-learning-report-
2018).

Mentoring is an old approach supporting professional
development and is associated with a specific goal in learning or
working context aimed at improving performance to do a task in
shorter time [8]. Kram [22] gives a theoretical foundation for
understanding of mentoring relationships at work. Mentoring could
be initiated formally or informally. Baugh and Fagenson-Eland [1]
underlines that due to the characteristics of formal programs long
term relationships are occur in such programs than in informal
mentoring relationships. Scandura and Pellegrini [30] define e-
mentoring as “the process of mentoring a protégé (mentee) over the
Internet by a mentor usually not physically present at the protégés
site or location”. This is particularly important during and after the
Covid-16 as well as to support the use of digital approaches.
Mentoring relationships can be different during different phases of
the relationship and evolve through phases that reflect different
experiences and patterns of interactions. Both mentor and mentee
should feel safe to express their feelings, to take risks and fulfill
some requirements. Mentoring offers a number of benefits for
workplace learning in companies. Research has shown a positive
influence on mentee performance [18, 22]. Mentoring can address
i.e., needs for timely, relevant training content, does not require
significant personal and cost resources. Some benefits for
companies are a quick introduction of new employees and support
of integration of staff with special needs. Mentors can help to carry
out an analysis in the company including existing knowledge gaps
and staff reskills needs. Often companies need to strengthen their
current market position before entering international markets with
new products or strategies and need help in this transition; mentors
can help companies to prepare a new workplace learning plan and
guide them in implementing this.

3. Factors driving workplace leaming

As a response to COVID-19 disease, workplace learning had to
be changed and many usual activities in this context have been
postponed or canceled. Taking into consideration the needs for
employee’s reskilling in order to assure social distancing but also to
cope with digital transformation, a new approach to workplace
learning is necessary [18, 20]. One factor impacting the workplace
learning in this context is digitalization. Microsoft explains “The
exponential growth of digital connectivity, devices and information
is driving profound changes in the way we work, all around all the
world ...” (https://lwww.microsoft.com/en-us/worklab/).

Referring workplace learning terms, it means not only
converting classroom training into e-learning — as Microsoft
explains. “In order to survive in this world, companies need to
rethink everything from culture to tools and environments.”
Managers and employees need to rethink its whole approach to
workplace learning by adopting also a new, modern understanding
of what it means to learn at work by using digital technologies
under following requirements
(https://modernworkp lacelearning.com/magazine/5-factors-driving-
modern-workplace-learning/):

Changing learning habits

It is known that individuals do not longer rely on being trained
as the only way to learn for work, but they learn as they do their
work as well through their interactions with colleagues, clients,
their manager, a coach or mentor. They use the Web not only to
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access online courses, but also for resources in different formats,
i.e., videos, as well as by building their professional networks of
connections from around the world on social networks (like Twitter,
LinkedIn). Maturity Learner’s Voice report showed that employees
like to be in charge of how they learn, with 91% wanting to learn at
their own pace and 82% knowing what they need to learn in order
to do their job (https://emeraldworks.com/research-and-
reports/workplace-learning/learner-voice-part-3). It requires from
manager to support employees by using lifelong learning
approaches and actively encouraging them to find their other own
solutions to their learning and performance problems in the ways
that suit them best. This is particularly important also due to:

Multi-generational workplace

Different attitudes to work and learning of each of these
generations are already known in particular their use of new
technologies. It is not possible to create resources in multiple
formats to meet everyone’s preferences, but it is necessary to
support flexibility and autonomy so that individuals can build their
own learning experiences in the way that suits them best. This is
important also because of

Exponential information growth

Huge amounts of data are being created every day. Knowledge
should be updated, and skills are quickly going out of date. In the
past, individuals were trained once to do their jobs and their whole
careers. Nowadays job roles became more sophisticated, new
technology or procedures were introduced so that training became a
continuous requirement to improve people knowledge, skills, and
competences. It means not always adopting a new approach for
training but recognizing that everyone needs to keep themselves up
to date learning and develop new skills and expertise in the ways
that best suit them, encouraged and supported by own manager.

Necessity for a Social Ecological Perspective in learning

The social ecological perspective is based on the assumption
that many factors from environment come together to create the
unique circumstances that shape who people are, seeking to
promote the idea that they all are interdependent but must handle
society’s issues in ways that consider all parts of a functional
system
(https://courses.lumenlearning.com/sociology/chapter/theoretical -
perspectives-on-education/).

Social ecology looks at the changing relationship between
different parts of society, the role to play in keeping the system
healthy and stable. Applying these principles in workplace learning
means people, particularly social workers; they get a better picture
of how the system and new digital developments affect different
groups of people, particularly these with special needs. So, people
are in a better position to change and do their job well.

Understand the significance of lifelong learning

LinkedIn’s 2018 Workplace Learning Report showed that
continuous learning in the workplace has never been so important
for today’s workforce
(https://learning. linked in.com/resources/workplace-learning-report-
2018). Particularly younger employees are interested in lifelong
learning and seek development opportunities at work. They look for
jobs that can help them pursue professional growth and
development. That is why companies who acknowledge the benefits
of training employees and support their individual learning attract
them.

4. Some leaming approaches in workplace learning and
support of digital technologies

Interdisciplinary and experiential approaches are two innovative
learning formats, which can be used also in workplace learning.
Interdisciplinary approach to education combines two or more
disciplines while experiential education provides opportunity to


https://learning.linkedin.com/resources/workplace-learning-report-2018
https://learning.linkedin.com/resources/workplace-learning-report-2018
http://news.microsoft.com/features/futureofwork/
http://www.towardsmaturity.org/article/2016/11/03/press-towards-maturity-lifts-lid-ages-learn/
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html
https://learning.linkedin.com/resources/workplace-learning-report-2018
https://learning.linkedin.com/resources/workplace-learning-report-2018
https://learning.linkedin.com/resources/workplace-learning-report-2018
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apply theoretical concepts into practice. The combination of these
two learning methods can improve also the workplace learning.

Geertz [15], identifies the boundaries between the two
approaches and notes the “more and more we see ourselves
surrounded by a vast, almost continuous field of variously intended
and diversely constructed works we can order only practically,
relationally and as our purposes prompt us”. Life is complex and
multidimensional so that educational approaches should reflect and
respond to this reality. Interdisciplinary approaches to teaching are
used within higher education [10, 16], but not much within projects
in workplace learning. In an interdisciplinary project, learners from
different departments could integrate information from different
subject areas; it provides learners with a deeper understanding or
solutions from different perspectives.  Learners develop an
interdisciplinary understanding and try to integrate own work
expertise and discipline-specific ways of thinking, which increase
cognitive abilities and critical thinking [3].

Experiential learning takes place when a person is involved in
an activity, looks back, reflect and evaluates it, determines what
was useful or important to remember, uses this information to
perform another activity [9, 21]. This process involves learners in
experiments and encourages shared experiences, allowing learners
to apply acquired knowledge in particular situations. The adaptation
and integration of the experiential approach led to an effective
learning of participants in different fields including management
and entrepreneurship [2]. The four stages of experiential learning
theory concrete learning, reflective observation, abstract
conceptualization, and active experimentation could be used in
workplace learning. The first two stages of the cycle involve
achieving experience, the second two focus on transforming an
experience. Experiential learning can be digital supported i.e.,
through a combination of synchronous tools such as a web
conference, asynchronous tools such as discussion forums and/or
social media for group work, and e-portfolios and multimedia for
reporting. Combining traditional training methods and experiential
ones engages students and helps them to apply knowledge acquired
in the interdisciplinary learning process to real-world situations.
Some requirements for efficient experiential learning process are
the followings (https://www.abacademies.org/articles/experiential-
interdisciplinary-approach-to-teaching-a-case-of-collaboration-
between-entrepreneuship-and-media-production-7006.html):

It is necessary that instructor has experience to support the
learner doing or performing an activity [11]. This allows the student
to apply and practice the knowledge achieved from instructor
through an experience i.e., a management project.

Learners must be engaged in a reflection stage, allowing them
to process the experience through discussion and analysis, sharing
observations about their conclusions [12, 28]. Reflection on the
experience is an important exercise in determining what went well,
what it needs improvement. The reflection stage provides a basis for
the application or conceptualization phase [4, 27].

Learners should have the opportunity to expand their
understanding of the applied concepts enforcing their experience
through generalizations and applications to other potential
experiences [5].

These requirements will allow students to learn during the
process to solve problems in the workplace and to experience
synthesizing information from multiple perspectives; an
interdisciplinary approach and experiential learning should be used
together.

5. Digital support of lifelong learning

Digital developments, social distance due to Covid-19 and
disruption of education methods encourage the use of digital
platforms for lifelong learning — digital lifelong learning. Some
important factors at the development of learning materials for
digital LL are:
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advantages and problems with digital technologies,

the attitude and motivation of students towards learning a
specific topic,

digital skills of educators in the use of technology,
structure of content that need to be adopted, the
interaction that occurs between students and teachers, as
well as among students [24].

In order to promote the use of digital learning, emphasis should
be on technology and also on “experience while using,” “inclusion,”
and other general important factors for the successful acquisition of
knowledge. In order to use the benefits of lifelong learning within
workplace, it is important not only to connect it with different forms
of learning — formal, informal, not formal and to apply digital
technologies but to assure for it a practical content easily applied in
practice [29].

Digital lifelong learning requires, besides motivation and needs
of learners, the right technology i.e., platforms like Learnworlds,
Kajabi, Teachable and Thinkific that offer integrative solutions.
There are tutorials available for how to create and use online
learning platforms effectively for lifelong learning engaging
students for technical, marketing and selling aspects. Some lessons
while creating an own lifelong digital platform are the following
(https://www.forbes.com/sites/jeroenkraaijenbrink/2020/09/04/usin
g-covid-19-as-catalyst-for-lifelong-e-learning/?sh=559043b77e42):

e  Focus on an area of expertise

Facilitate the emergence of an active community
Assume directed need-driven learning and undirected
curiosity-driven learning.

Facilitate one-time learning and continuous applications.

One value of lifelong learning in workplace learning is the
possibility to apply what is learned when it is needed and exploit it
when there is an opportunity within work or life. This requires
access of employees to useful digital tools, materials and a
community that learners can use when they need. Needs, means,
environments are important for digital lifelong learning. Covid-19
serves as a strong catalyst for the necessary global reskilling within
workplace by using digital lifelong learning. Unfortunately, due to
closed education institutions and of some companies as well lack of
corresponding research results, the digital lifelong learning could
not be used efficiently within the workplace until now. Due to the
Covid-19 crisis, this being a recent and ongoing event, future
research on digital lifelong learning within workplace learning is
necessary. More studies are also needed on teaching and learning
innovations that have resulted from the Covid-19 crisis. This
includes focusing on different ways employers, instructors have
fostered an inclusive digital learning environment and digital tools
within workplace learning.

5. Example

Within a European Erasmus+ project, a digital program
supported by an interactive digital platform for workplace learning
within small and medium sized companies (SMES), particularly to
achieve work necessary research skills and motivate learners to
involve in lifelong learning, has been developed and tested [19, 20].
The proposed model involved an interplay between inter
organizational, organizational and individual learning at each stage
of the project. Interdisciplinary, experiential learning should be
tested. It was planned to involve employees working with their
peers and external business partners to actively seek business
opportunities, actively plan and implement solutions, actively
investigate these and actively reflect on the impact of these in
professional,  social, cultural and economic  contexts.
Interdisciplinary small teams (3-4 people from different
departments of each participant company) had to develop and test
an own research project connected with their work and including
social ecological aspects. The topics for the projects have been
chosen to benefit also the company because SMEs have no
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resources for research. Participants should reflect on the findings
and learn from these by identifying future opportunities for their
own workplace. A mentor from each Erasmus+ partner country
having knowledge in experiential learning helped employees in
their projects. Discussion forums have been developed for each
learning module, supported by mentors. Participants have been
helped to use LLL for completing their projects.

A short time after starting the program, some companies have
been closed due to the COVID-19 pandemic and experiential
planned methods and cooperation established at the beginning have
to be adapted. Some of the groups did not continue their work. Five
groups from German SMEs (each of 4 people) finished their small
projects. Two of the groups considered socio ecological aspects in
their projects, employees from all groups were between 25 and 64
years old. Finally, each group developed an e-portfolio of work to
allow them to progress own individual careers based on the
learnings identified in the Evaluation Map and a Future Research
Plan. The Evaluation Map included a detailed assessment of the
issue, the drivers for change, input from internal and external
stakeholders, key implementation steps taken, and outcomes
achieved. Included in this portfolio is a Reflective Learning Journal
that is an account of the learning journey through the program.
Reflective learning journals provide a place for learners to record
observations of occurrences that happen to and around them, as well
as the surroundings in which these events occur. Journals enable
learners to identify key aspects that are important to them and help
learners to use previous learned material. The final stage of
reflective cycle, the Action plan, examines anything need to be
known and to improve for next time. The e-portfolio, which
students developed, is an on-line compilation of materials that
exemplifies beliefs, skills, qualifications, education, training and
experiences during the project.

The participants appreciated the importance of reflection on
research impact and of portfolio development, they could better
integrate learnings and work with improved awareness and
confidence. They affirmed that reflective practice also helped them
to develop lifelong skills like creative thinking skills, cooperation
and decision making, encouraged and motivated them in using
lifelong learning to finish their research projects.

6. Conclusions

Workplace learning is a mean of improving the skills of
employees and enhancing their knowledge formal or informal.
Managers, education responsible, employees need to rethink their
whole approach to workplace learning by adopting a new, modern
understanding to learn at work by using digital technologies.
Active learning in the form of experiential interdisciplinary projects
make the workplace learning more engaging for instructor, learners,
mentors and contribute to develop learners’ communication skills,
teamwork ability, creativity and critical thinking. The
interdisciplinary experiential model implies that learning becomes a
process whereby knowledge is created through the transformation
of various experiences acquired by learners, instructors, mentors,
through the interaction between various parties involved in the
educational process. Reflection provides learners with motivation
and enjoy the process of learning because they reflect on their
thoughts, feelings and emotions Continuous learning in the
workplace i.e., within digital lifelong learning has never been so
important for today’s workforce as now.
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Abstract: The aim of this paper is to evaluate the pivotal factors for the digitalisation of public sector accounting in Bulgaria. An academic
research regarding the challenges before digitalisation in accounting is observed in the paper. The analysis is concentrated on the
specifications of public sector accounting organisation. Several key factors, which hinder the digitalisation of public sector accounting in

Bulgaria, have been identified.
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1. Yeoo

BypHoTo pasBuTMEe Ha JIUTHTANIM3AaLMATA JIOBEAE IO
TpaHc(hopMaLys B MHOI'O UHIYCTPUHU M OOIECTBEHH OPTaHU3aluH.
V3non3BaHETO HOBHUTE TEXHOJIOTMH B CUETOBOJHATA METOJOJIOIHS
npomMeHs (hopmaTa Ha HeifHaTa OpraHu3alys, NOCTaBs M3MCKBAHU
KbM HHBOTO Ha Mpo)ecHOHAIHA KOMIIETEHTHOCT U H3BEXIa
cucTeMara 3a CYETOBOAHO-MH()OPMALMOHHO OCHUIYpsiBaHE Ha
YIPABIGHUETO Ha KayeCTBEHO HOBO HHMBO Ha MPO3PAYHOCT,
CUT'YPHOCT, aKTYaJIHOCT U ()eKTUBHOCT.

[peanpuaTusaTa OT IMyOIMYHHS CEKTOp® CHINO HE €A H3BBH
JMTHTAJIHATA BbJHA. B Ol0/KeTHUTE OpraHu3aliy B HallaTa CTpaHa
IIMPOKO HaBJe3¢ KOMITIOTBPHOTO OOOpYyJBaHE M NPUIAraHETO Ha
Pa3NIMYHU KOMITIOTBPHHM CYETOBOJHHM MNPOTPaMH, ¢ IOMOLITAa Ha
KOUTO Ce Ch3[aBa, U3BIHMYA U Ipeodpa3yBa OTHUETHA MHPOPMAIHS.
Jururamm3anusara o6aue CbBCeM He Ce U34epIiBa ChC CUETOBOIHHUTE
MpOrpaMHU MPOAYKTH. Bee ole He ce M3IMoI3BaT BE3MOIKHOCTUTE
Ha HOBHTE JUIMTAHM TEXHOJOTHMM KaTo OJIOKYEHH, 00jauHK
TEXHOJIOTHH, NU3KYCTBEH HHTEIICKT, FOJIEMU MAaCUBH OT JIaHHH H JIP.

[lenta Ha HAcTOAIATA CTaTHsA € Ja CE W3CJIEHBAT OCHOBHHTE
npobieMu, CHIPOBOXKAAIM CYCTOBOAHATA JAWUTHTAIM3ALMI B
npeanpwitusita ot myomraawus cexrop (I1C). 3a Tasm men paborara
¢ pas/ieNicHa Ha TPU OCHOBHH CCKLMH: IIbpBara € MOCBETCHA Ha
0COOCHOCTHTE HAa JUIHTAIM3ANMsATAa Ha CYETOBOJACTBOTO. BbB
BTOpATa 4acT C€ M3BEKIAAT OCHOBHHUTE CIIEHU(UKN B OpraHHU3alHsiTa
Ha cuetoBozcTBOTO B IIC B Brirapus. B mocnennara, tpera 4acT ce
ouepTaBaT HAKOM INPOOJEMH Tpei  JUrHTalM3alusaTa Ha
CYETOBOACTBOTO B OFOMKETHUTE P EIIPHUATHSL.

2. lucumanusayus na c4emosoocmeomo

Haii-uecTo nururanu3anusata Ha C4ETOBOACTBOTO CE CBbP3BA C
BBBEXKIAHETO Ha MIMPOK CIEKTHP OT TEXHOJOTMH W CHCTEMH 3a
Ch3/1aBaHe, MPEACTAaBsIHE U MpeIaBaHe Ha CYETOBOAHA HH(OpMAIHs
B enekTpoHeH dopmar. [1] [2] KommoTpure W CYETOBOTHHUST
codryep TpaHchopMupaxa cueToBorHaTa paboTta. B mcropmueckn
IUIaH, CUYETOBOIUTENUTE Ca SIHH OT MbPBUTE CIICHHAIMCTH, KOUTO
BHE/IPSIBAT CNIEKTPOHHHUTE TAOJHUIH B MPAKTHKUTE CH, U aIalTHPaT
paborata cu KbM HOBHTEe TexHOJNOTHH. [3] TeXHONOTHYHHSAT
HanpeabK Mog00pH CMOCOGHOCTTa HA CUCTOBOJHUTENS HE CaMo Ja
OTYMTa, HO M HHTEpHpeTHpa HHpopManuara Ho-0bp30 M IO-
edexktuBHO 0T Besikora [4]. B pesynrar Ha TOBa ce MOBHIIM
KaueCcTBOTO HA CYETOBOJHO- MH(OPMAIMOHHOTO OCHI'YpsiBaHE Ha
YIPaBIEHUETO Ha BCUYKH HMBA, OOCIMHEHM OT €IMHHA LU(ppoBa
iarpopma.

IpoyuBane nHa KPMG cpen rinaBHuTe cueroBonutenu Ha 146
HEMCKH JIPY)KECTBa IIOKAa3Ba KOM [WTHTAIHM DEIIEHUs Bede ca
BbBE/ICHU B CUETOBOJHATa pabOTa WM NPEICTOH BHBEXKIAHETO UM
B Omm3ko ObIemie: BOJCHA HAa CYETOBOACTBO 0€3 XapTus, T.e.

1
3a menra Ha HACTOAIIATA CTATHSA IOHATHATA ,,00KETHH
MPEANPWITUS, ,,0I0[KETHH OpTaHM3alUK W ,,(IPEANPHUITHS OT
MyOJIMYHUS CEKTOP™ ce BB3IpHeMaT KaTo CHHOHUMH.
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OUTMTAIM3alMs. ~ HAa  BCHUYKM  JOKYMEHTH;  BpB3Ka  Ha
MHGOPMALMOHHUTE CUCTEMU Ha KOMIIAHMATA C BBHIIHU TAKHBa;
yIpaBJIeHUe Ha KaYeCTBOTO Ha JAHHUTE — NEPHOIUYHO BaJIMIUPAHE
Ha JIaHHWUTE; aBTOMAaTH3alus Ha NPOLECUTE — BHEJPsBaHE HA HaM-
HOBHUTE TEXHOJIOTMH 32 aBTOMAaTH3MpaHEe Ha PYTUHHHTE IIPOLECH;
€/IHAKBOCT HA CUCTEMUTE —CUETOBOJIHUTE CUCTEMH Ca YESIHAKBEHHU;
pa3paboTeHa W IpWIaraHa KOHCOJMIALMOHHA CHCTEMa, KOSTO
OCHIYpsiBa IPSIK JOCTBII KbM BCHYKH IOAPA3AENICHNS; OTYETHOCT B
peaHO BpeMe; NMPO3PayHOCT; aHAIM3 Ha rojeMd 0a3u OT IaHHH;
BU3yaIM3alus —TpadMuHO OHAIJICSBAHE HA PE3YJITATHTE OT AaHAIIH3
Ha JIaHHH; 00JIaYHK TEXHOJIOrHuH. [5]

V30poeHnTe  BB3MOKHOCTH 32  JUTHTANIM3AIMSA  Ha
CYETOBOICTBOTO MO3BOJISIBAT 0000IaBaHe ChOUpaHe, TPyMUpaHe u
NOApeXAaHe Ha HMH(QOPMAIMOHHUTE IOTOIM B pPEaTHO BpeMe.
VBenuuaBaHe Ha HayMHHUTE 32 OOMEH Ha MHQOpMAIMA, KaKTO U
HHTETPUPAHETO HAa BCHYKM BHIOBE OTYETHOCT 3a CH3JaBaHEe Ha
earHHA WHPOpMaNKMOHHA 0a3a, KOETO clioMara 3a IMOCTUTaHETO Ha
MO-TOJSIMA AHAJIUTUYHOCT. BBp3usAT nocThI 10 HMH(pOpMALus,
CBHKpalllaBaHETO ~ Ha  HHTEpBalla MEKIy IOJy4aBaHETO M|
BBBEXKAAHETO i B 0a3aTa JaHHU JaBaT BB3MOKHOCT 3a IOCTHUTAHE
Ha TbBKaBOCT. HaMalsiBaHETO Ha PHCKOBETE OT TPEIIKH TIPH
CBH3JJABAHETO HA CYETOBOAHATa HWHGpOpMAIWs crnomara 3a
MOBHIIIABaHE Ha KAayeCTBOTO Ha MH(OpMalusiTa BbB (DHHAHCOBUTE
OTYETH, TPELU3HOCTTA B IPOIICCHTE HA B3EMaHE Ha PCILICHUS U
eeKTHBEH KOHTPOJI.

Jlurutaiu3anysta Ha CYETOBOJACTBOTO € BB3MOXHA IpU
CHHEpTWs Ha HOBHTE KOHLEHLUM 3a 00paboTKa M IpeaaBaHe Ha
uHGOpPMALlMsT U HOBHUTE KOMIICTCHIMH, 3HAHHMS W YMCHHs Ha
cueropoputemmre. Crartmss Ha MexayHaponHara ¢enepamus Ha
cueroBoautenute (International Federation of Accountants, IFAC)
1ocoyBa, 4e NH(POBM3ALMATA HA CYETOBOJCTBOTO W3HCKBA OT
CITy)KUTEJIUTE J1a Pa3BUBAT CHELM(PUUHK 3HAHHUS M YMEHHS, KOUTO
penoBHO TpsiOBa Aa ObIaT OOHOBSBAaHM B XOJAa HAa pPa3BUTHE Ha
JUTUTAIHUTE TEXHOJIOTHH. [6]

Cropen MHcTHTyTa Ha TIpOQEeCHOHATHUTE CUETOBOIUTENM Ha
Kanama (Chartered Professional Accountants) u IFAC B
KOMITaHHATAa TpsiOBa Ja ChHUICCTBYBa BEpHra Ha CTOHHOCTTA B
yIpaBjeHHeTo Ha wWH(OpManusITa, KOATO BKIOYBA IBTS OT
TbPBOHAYAIHOTO Ch3[aBaHE HA JAHHUTE, IPEMHHABA KbM TSXHOTO
npeoOpa3yBaHe, aHaIW3 W TPEACTaBSHE W 3aBbpIIBA C HEHHOTO
0e30macHO ChbXpaHeHHe. ABTOPHTE IOYEPTaBaT, 4e € aHAIM3a U
NpeicTaBsHeTo Ha uH(opManusaTa TpsOBa Ja IO3BOJIABA Ha
NoTpeOUTeNUTe Ja s OCMUCIAT M Ja Morar Ja B3emar
nHGOPMHUPAHN pEIICHUS Ha HeHHa ocHoBa. B Tasm BpB3Ka ce
OTKpPOSIBAaT YETHPH BaXXHH POJIM HA CYETOBOAMTENHUTE, & MMEHHO —
MHXXEHEP Ha JIaHHWTE, KOHTPOJIMpall JaHHHUTE, M3CJIeoBaTe] Ha
JIAHHUTE ¥ CTPATErHYeCKH ChBETHHK. [7]

Cre10BaTeNHO, IUTUTAIN3ALMATA U3UCKBA OT CYETOBOJUTEINTE
JIHEC HE CaMoO 3HAHMS M yMEHHMS 32 paboTa ¢ HOBHTE TEXHOJOTUH U
CHUCTEMH, HO CBILIO M CIIOCOOHOCT Ja OLEHsBaT M IpeoOpa3ysar
CYeTOBOIHATa MH(POPMALIHS, 1a UHTETPUPAT KbM Hesl HepuHaHcoBa
uHbopManyi, 3a Ja MOraT Ja MOTHBHpAT —alTepPHATHBHU
Bb3MOXKHOCTH 32 U3IOJBBAHETO Ha pPECYpCUTe, KakTo W
CTpaTern4ecky NpeUIoKeHUs. B TO31 CMUCHI JUrHTaIM3anusTa Ha
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CUYCTOBOACTBOTO € KOM6I/IH8.HI/I$IT8. OT TCXHOJIOTUMYHH HMHOBALWU H
CUYCTOBOJHU KOMIICTCHIIUU.

3. Cneyuguku 6  opzanuzauuama
CUemoe00Ccmeomo 8 0100Hcemnume npeonpuamu

Ha

[lpomennte B oOjacTTa Ha CYETOBOJHOTO OTJYHWTAHE B
OTO/KETHHTE NpennpraTHI B bbirapus, 3aroyHany oT Ha4yaJloTo Ha
HOBOTO XWIIOJIETHE, Ca €IWH OT BaKHHTE eNEeMEHTH Ha
pedopmuTe B myOmmuHOTO ympapieHwe. HauanmoTo e mosoxeHO
npe3 1999 r., B oTroBop Ha noerute oT briarapus aHraxumeHTH, B
X0/la Ha TIPEroBOPHWSA TIPOIEC 3a NPUCHEIAMHSIBAHE KbM
EBpomeiickust cpro3 (EC), 3a momoOpsiBaHe ympaBieHHETO Ha
OIO/DKETHHUTE PECypCH, YKpelBaHe Ha OO/KeTHATa AMCIHILIMHA U
yBEIIMYaBaHe Ha NPO3PAyHOCTTA NPH IIAHUPAHETO, W3IIBIHEHUETO
U OTYUTAHETO Ha IbP)KABHUS OIOIKET.

OcHoBHaTa crHeuuduka B CYETOBOJHOTO OTYMTaHE Ha
JNeHHOCTTa Ha OIO[DKETHUTE NPENIpHATHI C€ ONpeaeNis OT
nHGOPMALMOHHUTE NOTPEOHOCTH Ha OCHOBHUTE IPYIIH I10JI3BATENH
Ha Ta3u wuHpopmanmsa. Ha mBpBO  MACTO, CUETOBOJHATA
nHbOpMaLKs Ce M3MOJ3BA 32 LIEIMTE HA MAaKPOUKOHOMMYECKHUS H
¢uckanHMs aHaIM3, KAaTto € HeoO0XOIUMO ChIVIacyBaHE Ha
CYETOBOAHUTE [aHHM M IOKa3aTelqd C Te3W Ha cHcTeMara oOT
HAllMOHAIHM CMETKH, NApU4YHUS OTYEeT Ha OaHKOBaTa CHCTEMa U
wiatexHus OanaHc. OT apyra cTpaHa Bce IOBEYE BHUMaHHE Ce
HAaco4Ba OT OOILECTBEHOCTTa KbM JEHHOCTTa Ha OIOJDKETHUTE
KOMIIAHMM M PAa3XOABAaHETO OT TAX Ha IyOJMYHM CpENCTBa.
IMocnenHoTO TpenoNpesaens U HapacTBalaTa pojsd Ha OTYETHOCTTA
Ha Te3W NpeNNpHATHA 3a 3aJ0BOJsIBaHE HH(OPMALHOHHHTE
notpeOHocTH Ha oOmiectBoto. He Ha mocnemHo — MsICTO,
uHpopManuaATa Cc€  W3NOJI3Ba M 3a  33J0BOJIIBaHE  HA
WHPOPMAIIMOHHUTE  TOTPEOHOCTH  HAa  YyIOpaBIEHHETO  Ha
OIO/PKeTHOTO MpEeAnpHUsTHEe. 3a pPBHKOBOAWTENUTE HA TE3H
OpraHu3alMy He € J0CTaTh4YHO Ja CJCABAT YTBBbPICHHS OIOJDKET U
Jla ce CTpeMST J]a He M3JM3aT OT HErOBUTE paMKH. B ycloBusTa Ha
HOBHS NyONMYeH MEHHUKMBHT, 4UYMATO OCHOBHAa Il €
LIpeoOpa3yBaHe  Ha  JABpXKAaBHUTC OpraHM M TAXHATa
aIMUHHCTpalMsi B TbBKABH, aJallTHBHA H caMOOOydaBalld ce
OpraHu3aliy, W3IO0JB3BANM €()EeKTHBHO ITyOJIMIHHUTE PECYpCH, C
OTJie/l TeHEpUPAaHETO Ha TOBede Mo 3a obmectBoTo” [8],
PBHKOBOANTENNTE HA OIOKETHUTE MPEATIPHATHS UMAT MOTPEOHOCT
OT yMecTHa MH(popMamust 3a IeIUTe Ha B3€MaHE HAa KOHKPETHH
pemeHns, CBBP3aHM C YIPABICHHETO HA OTACIHH MPOCKTH H
H3ITBJIHEHNETO Ha KOHKPETHH MOJIUTHKH.

C4eToBOJHOTO OTYMTaHE HA JeHHOCTTa Ha OIOIKETHHTE
npeanpwiTys ce O0a3mpa Ha 3akoHa 3a cueroBoacTBoTO (3C) M
3akona 3a myosmmaanTe punancu (3[1®). Cermacuo un. 164. an. 1.
ot 3[1d, MUHHCTBEPBT Ha (UHAHCHTE YTBBPIXKAABA CUETOBOIHHU
CTaHAapTH W CMETKOIUIAaH ¥ W3AaBa YKa3aHWs, CBBP3aHH C
OTYETHOCTTa, KOWTO ClIefBa Ja ca B CHOTBETCTBHE ChC: .
n3nckBanmsita Ha EC 3a  oT4eTHOCTTa, CTAaTHCTHKaTa U
Oromxkernpanero Ha IIC; 2. cyeToBoJHATAa paMKa, NPUHIMINTE U
KOHIIENIMUTe Ha METOoINYecKOTo PBKOBOACTBO 3a IbpXKaBHA
(MHAHCOBA CTaTHUCTHKA, W3JaJeHO OT MeXITyHapOIHHS BayTeH
¢oHx; 3. MeXIYHapOJAHUTE CUETOBOJIHU CTAaHIAPTH 3a ITyOIIYHHS
cektop (MIICC) ma MexnayHaponHata  Qenxepanusi  Ha
CYETOBOAUTEIIHTE; 4. U3MCKBaHMATA  Ha  OBJIrapcKOTO
3aKOHOZIATEJICTBO 10 OTHOLICHHE Ha OIOIKETUPAHETO, OTYUTAHETO
Ha W3IBJIHEHHETO Ha KOHCOJMIMpaHata (UCKajlHA Mporpama M
YIPaBIGHUETO M KOHTPOJA Ha CpEACTBaTA M pa3XoquTe Ha
OIO/PKETHUTE OPraHU3alIUH.

BromxerHure mpeqnpusATHS OpHiIaraT CMETKOIUIaH, KOWTO e
3agbipkuTeneH. Te He Morar ga 100aBAT CMETKH, W3BBH
[IOCOYEHUTE B CMETKOIUIaHa. Morar na cbh3JaBaT aHAIMTHYHU
cMeTkd,  cropen — MHOOPMAIMOHHHTE  MOTPEOHOCTH  HA
ynpasieHueTo. HoBM CHHTETMYHH CMETKH, HOBU MOATPYIH, IPYIH
U pa3/iend ce OTKPUBAT CaMO C yKa3aHMs OT MMHHCTEPCTBO Ha
¢unancure (M®). CMeTKOIUIAaHBT HAa OIOKETHUTE OpraHU3alUU
chabpprka mosede ot 600 cMeTKH.

Coriacuo Konnenryannara pamka Ha MCCIIC, ¢unancoBaTa
OTYETHOCT ¢ 0010 NpeqHasHayeHHe 3a mpennpusatuara ot IIC ce
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OCHOBaBa Ha MPUHIMIA Ha HauucisBaHeTo [9]. B chimoTo Bpeme
ceril. un. 14, an. 3 ot 3P nmaHupaHeTo, W3MBIHEHHETO H
OTYUTAHETO Ha MOKa3aTelUTe I10 KOHCOJMIHMpaHaTa (QuCKaaHa
Iporpama ce M3BBpIIBa Ha KacoBa OCHOBA. 3a IIeNTa ce Ipuiara
Envana OrompkeTHa KiacU(pHKAIWs, KOSTO TPEICTAaBIsIBA CHCTEMA
OT TIPHHLMIKI, METOAU U GOpMH Ha IrpynHpaHe U MMOAPEKIaHE Ha
MPUXOANTE, Pa3XOJUTe W HM3TOYHHIMTE Ha (HUHAHCHpaHEe Ha
Oro/DKEeTHUS Ae(UIUT 10 KOHCOJIMIUpaHaTa (ucKajaHa Mporpama.
[10] Exeroano MUHHCTBPBT Ha (PUHAHCHTE YTBBPIK/AaBa CIUHHATA
Oro/KeTHA KiacuuKars.

IIpe3 2004 r. ce M3roTBAT yKa3zaHHs 3a MPWIAraHeTo OT
OIOJDKETHUTE TIpequpusiTHs Ha HalnoHaJHUTE CYETOBOJHHU
crafapty, npuern ¢ IIMC Ne 37/2002 r. [11].C yka3zanuero ce
LEeTM TPHUCIOCOOsSBaHE Ha ChIIECTBYBALIUTE CTAHIAPTH KbBM
crenudukute Ha OromkerHuTe opranu3anun. C ykazanue ot 2005
I'. MUHHCTBPBT Ha (pUHAHCHUTE onpenens, 4e pasnopenoute Ha JJJ1C
Ne 20 ot 2004 r. mpoamDKaBaT Aa ce Mpwiarat 3a OIOJKETHUTE
HpeInpysITHs, He3aBUCUMO, de BbrpocHuTe HCC Beue ca oTMeHeHH
U cera JedcTBaT HOBM CYETOBOJAHM cTaHAapTH. Ha mpaxtuka
3aKOHOBO  YCTAHOBCHHTE M3MCKBaHMA 32 NPHEMaHETO Ha
cyetoBoAHM cTaHaaptd 3a IIC He e W3NBIHEHO O MOMEHTA.
Jluncara UM BOAM OT €IHA CTPaHA JO OTKJIOHEHHS B PEAULA OT
(byHIaMeHTaJHUTEe CYETOBOJHM NpUHIMIHM, 3ajterHam B 3C u
Jpyra — JI0 pa3jIM4HO TPETHPAHE Ha OIPE/eNeHH OOCKTH U CIEIKH
npe3 pas3jMyHUTE OTYeTHU neproa. [12] ToBa mocrasst M0 BIPOC
HaASKIHOCTTA HAa HHopMauusTa OT (MHAHCOBHUTE OTYETH HA
npegnpusitusita ot [IC. Taka mnoTtpeburenure TpPyaHO ce
OpHEHTHpaT B ,JojsIMaTa KapTHHA TIOKa3Balla LEIUTe |
CTpaTernuTe Ha ONOKETHOTO NPENNPHUATHE M KaK MOCIEIHOTO
W3MO0JI3Ba PECYPCHUTE, IMOJYy4YEeHH OT JAHBKOIUIATUUTE 3a Ja TH
MOCTHTHE.

Baxna cnoemuduka Ha  OTYETHOCTTa B OFOMKETHUTE
MPEeaNpusITAs € OpPTaHWU3UpaHeTO0 W B TPU OOOCOOEHM OTYETHHU
rpymu (cmonancku obracmu) — “bromxern”, “CMeTkH 3a cpencTsa
ot EC” u “Jlpyru cmetkn u aeitHoctrn”. Te3u rpynu oT oTderHa
[JIe/IHA TOYKA C€ PasriIekKIaT Karo HE3aBUCHMH €HA OT Jpyra,
BBIIPEKH, Y€ UICHTHOHIUPAHUTE TI0 TAX AKTUBH, ITACHBH, IIPHXOAN
1 Pa3xoJ¥ €a B PaMKHTE Ha AHO IOPUIUIECKO JIUIE — OIOMKETHOTO
npennpusitie. [13]

ToBa, 4e OIKETHUTE NPEANpHiTHs TpsiOBa la CH3JaBar
uHbOpMALMs KaKTO Ha HAYKMCJICHA OCHOBA 3a IPHXOAMTE WU
pasxomure, Taka U Ha KACOBA OCHOBA 3a JIBIKCHUETO Ha IapUYHHUTE
CpPEACTBA OpEENs U OCHOBHUTE KOMIIOHEHTH Ha (JUHAHCOBHTE UM
oT4eTH.  DIO[DKETHUTE  OpraHM3allid  CBCTaBAT  MECCYHH,
TPUMECEYHH M TOAWIIHK oTdeTH. Jlupekims ,,JIbir u IbpKaBHO
CBHKPOBHIIE" M3/1aBa YKa3aHUsI C KOWTO ONPEIENs PeabT, CPOKOBETE,
MIpOIEAYpHUTE M 00XBaTa HAa OTYETHATA HHPOPMALHS, KOSITO 1a ObIe
npezacTaseHa B MO.

Ha ™eceuna m TpuMmecedyHa OCHOBA IBTOTBAT OTYETH 3a
KacOBOTO VBITHJIHEHHE Ha OIO/KeTa, Ha CMETKUTE 3a CPEACTBA OT
EBporeiickust cbl03 W OTYET 3a ONEpaliHuTe W HATMYHOCTUTE IO
CMETKUTE 3a YYXIH CpPEICTBA, KOWTO C€  IPENCTaBAT II0
naparpagure u noxnaparpapure ot EBK, xakTo u no arperupanu
nokasaten. Ha TpuMmecedHa OCHOBa ce TPEJCTaBAT OIe OTYET 3a
caijiata (HAIMYHOCTHTE) MO OaHKOBH CMETKH, OOOPOTHHTE
BEJIOMOCTH, KaKTO W Jpyra nHMOpMaIys, IocoYeHa B yKa3aHHATA.
CorimacHo  3amoBen  3M®d-1338/22,12,2015 r. ToaummunTte
(GUHAHCOBM OTYETH Ha OIOMKETHHTE OpPTaHM3aLUM BKIIKOYBAT:
bananc; Otuer 3a mpuxoaute U pazxomure;, OT4eT 3a KacOBOTO
U3IbJIHEHUE Ha Oro[pKeTa, cMeTKuTe 3a cpenctBa oT EC n cMerkute
3a uyxau cpeactsa; [Ipunosxenue. [14]

OTtyerHarta uH(OpPMauMs ce MpeNCcTaBs KaTo €€ H3MOJI3BaT
crieluaiHu oT4eTHH Gopmu, paspaborenu ¢ nmomormira Ha MS Exel.
Besiko  OroKeTHO mpennpuiTHe NombiBa Te3n (OpPMH U TH
nznpama B M®. Ot Ts1x ce u3BIMya 1 npeodpazyBa HHPOPMAIUTA,
KOSTO € HeoOXoauMma 3a MaKpOMKOHOMHYECKaTa CTAaTUCTUKA WU
¢uckanHus ananmu3. Ha MHTEpHET cTpaHHMIMTE Ha OMOIKETHHUTE
opraHuM3aiuu ce myOnukyBa wuHpOpMauus, MpeJHa3HaYeHa 3a
3aJ0BOJIsIBaHe MH()OPMAIMOHHHUTE MOTPEOHOCTH HA HIUPOK KPBI
notpeouteny. T BKIFOYBA OCBEH KOMIOHEHTHTE Ha TOJMILIHHSA
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(¢uHaHCOB OT4er, mocoueHu B 3amoBen 3Md-1338/22,12,2015 r.

Oomc W OAWTHHUA JOKJIaJ Ha CmMerHara manara.

4. Ilpobnemu nped Ouzumasnuzayuama Ha
CUemosoocmeomo 6 o01002icemnume
npeonpusamus

Crnopen Dunleavy, 3a ma ce ciuyun gururammsamusita B 1IC e
HEO0OXOIMMO MHOTO TIOBEYE OT TEXHOJIOTHH, CUCTEMH H TPOrPaMHHU
nponyktd. HeoOxommma e omie NpaBUTENCTBEHA CTpaTerws,
CBCPEIOTOUCHA BBPXy Ilenta 3a nopobpsisane na IIC. [15] B
HaliaTa CTpaHa ca MPHeTH PEeAnla JOKYMEHTH, C KOHTO C€ IIeNH
YCKOPSIBaHE Ha JUTUTAIN3AIMATa B HKOHOMHKATA.

C HamWoHaNmHHWS ~ cTparermyecku  gokymeHt ,JIludposa
TpaHcopmaimss Ha bwirapus 3a mepuoma 2020-2030 r.“ ce
ompeneNAT BH3MATA M ILEIMTE HAa MOJUTHKara 3a Iudposa
TpaHcopmaimss 3a mepuoma ago 2030 1., kato o00600meHa
MOJMTHYECKa paMKa, B KOSTO Hamupar MsacTo Hamuonannara
nporpama ,Jlludpoa bBemrapus 2025”7, mnpuopurerure Ha
,.HaroHanHara nporpama 3a pa3sutue bbJICAPUS 20307, kakto
U peouua JApyrd HAIMOHAIHM CTPATerM4ecKH JOKYMEHTH ¢
TEXHOJIOTHYHA KOMIIOHEeHTa, oOxBamany nepuoaa 2020-2030. [16]

B crmioto Bpeme Criopen Munekca 3a HaBnu3aHe Ha LudpoBuTe
TEXHOJIOTMHA B MKOHOMuKara u obmectBoto (DESI) Bwirapus ce
Hapexnga Ha mocyenHoto 28 mscto 3a 2020 r. [17] OcnHoBHHUTE
NpeIU3BUKATENCTBA NIpe bbirapus ca cBbp3aHd ¢ MHOTO HHCKOTO
HHUBO Ha yMeHHsT B obOiactra Ha U(POBUTE TEXHOJIOTHH Y
HACEJICHHETO M HUCKOTO HHBO Ha BHEApsBaHE Ha TakUBa
TEXHOJIOTMM B CTONAHCKara JeWHOCT, BKIIOYMTEIHO M B
OIO/IXKETHUTE MPEATIPHUATHSA.

B oOnactra Ha cueroBoacTBoTO B IIC, mururanusanusara ce
CBEXIa JI0 M3II0JI3BaHe Ha cyeToBojeH copryep u MS Exel 3a
MpeCTaBsIHe Ha M3ucKyemara mHpopmanus kbM M®. Hampasen
npersiesl Ha MO-IIMPOKO MPWJIAraHUTe IMPOTPaMHH IMPOAYKTH B
cepara Ha OIOKETHOTO CYETOBOACTBO PA3KPHBA, Y€ IMOBEYETO OT
TAX HE OTrOBApST HA HYXIUTE Ha OIOMKETHHUTE HPENNPHATHSA 32
M3TOTBAHE HA CIEONU(QUIHNTE UM OTICTH W JONBIHUTEIHATa
uHpOpMaIs, KoATo ce mucksa oT M®. [18] Twit xato moBeueTo
OT TAX HE ca CHOeNUaTHO pa3paboTeHH 3a OIO/PKETHHTE
OpraHM3aliy Te He TNpearaT M HeoOXoAauMara I'bBKaBOCT 3a
nHGOPMANMOHHO OCHUIypsiBaHE HAa YIPABICHHETO HAa CaMoOTO
npeanpwiTus. Kakro Gemre moauepTaHo Ho-rope Npe3 IOCIeTHUTE
TOJVHM HapacTBa 3HAUYEHHWETO M HHTEPECHT OT CTpaHa Ha
00mIeCTBOTO KBM JEWHOCTTa, OTUYETHOCTTAa W YIPABIEHHETO Ha
OIO/UKETHUTE TpeanpusTisi. SICHO e, 4e caMoO CYETOBOIHHUSAT
codTyep HE MOXE J1a AOBeIe IO 3aJ0BOJISIBAaHE Ha TAKbB LIUPOK
KpBr oT nHpopMannoHHH notpebHocTu. [Ipoyusane na PWC sicao
MoKa3Ba, Je epara Ha Excel B cueToBOACTBOTO M (hMHAHCUTE OBP30
npukmouBa. [19] Jururammsanusta MO3BOJISBA BHEApPSBaHE Ha
HHCTPYMEHTH 32 KOMIUIEKCHO WH(OpMaImoHHO ocHrypsiBaHe. 1 He
camo. Ts TMO3BOJISIBA CBBP3aHOCT MEKAY OTIEIHUTE OFOKETHH
npeanpwitust 1 M®, naHpYHHTE CIOy)KOW, CMETHara mnajata M
JIPYTH BOXHU CTPYKTYPHU B peaiHoO BpeMe. 3a Ja ce MOCTUTHE TOBa
obade e HeoOXomuMa cCTpaTerHs Ha HalMOHAIHO HHUBO 3a
BBBOXK/IaHE Ha MOJXOAANM AWTHTATHH pemeHus B [IC, kouto
pa3bupa ce 3acsrat u cyeToBoHUTE npolecH. [TocoyeHnte mo-rope
JOKYMEHTH Ca TBBpPJIE OOIIH.

OTCBCTBUETO HA JIbPXKABHA CTPATErMsi OTHOCHO KOHKPETHOTO
JUTHTAHO DEIIEHHEe € CaMO e/HaTa CTpaHa Ha MoHerata. Karto
IpUYMHA 32 3a0aBSHETO BbB BHBEXKIAHETO HAa JUTHTAIM3ALMATA B
cyeroBoacTBoTO B [IC BmXHamMe M He3aBbpINMIIATA, 10 HAIle
MHeHue, pedhopMma B 001acTTa Ha CUETOBOIHOTO OTunTaHe. Jlumncara
Ha CTaHAapTH3alMs € CEepHO3eH HEJNOCTaThK Ha  cera
CBILIECTBYBAILMSA MOJIEN, KOETO CHIIHO BIIMSAE BBPXY KaueCcTBOTO Ha
Ch3/laBaHaTa CYETOBO/IHA uHboOpMaLHsL. INpakTukara,
CYETOBOAHOTO OTYMTaHE Ha JeHHOCTTa Ha  OIOJKETHHUTE
npeanpwiTysl Aa ce Oa3upa Ha ykaszaHus, u3gaBanu ot MO e
U3KJIIOYUTENHO HeyMecTHa. [losrydaBaHUTEe FOTOBH CXEMH MOTAT 1a
ce mpuwiiaraT camo NpH KOHKPETHH YCJIOBHMS M oOcTosTeNcTBA. B
cilydaif, 4e MOCJIEAHUTE Cce IPOMEHST, TpsA0Ba Ja ce 4YakaT HOBM
ykasaHus. EdexktuTe OT TOBa ca KakTO BBPXY KayecTBOTO Ha
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(MHAHCOBHTE OTUYETH, TaKa U BHPXY BB3MOKHOCTHUTE 3a aJE€KBaTHO
HH(POPMAMOHHO OCHTypsIBaHE Ha YIPABICHHETO Ha KOHKPETHOTO
OroxeTHO mpennpusATHe. CunTaMe, 4e Taka ce Ch3aBaT yCIIOBIH,
xommpomerupamm [IC B cioco6HOCTTa My J1a CB3/ajie CHI'YPHOCT,
Ye OTPaHWYEHHTE PECYpCH Ce M3II0JBBAT HKOHOMUYHO, €(pEeKTUBHO
1 e(prKacHo.

Hpyro CBILECTBEHO TIPEAN3BUKATEICTBO npen
nmurntammsanusita B [IC e numcara Ha pa30upaHe 3a TOBa Kak MOTaT
Jla Ce M3II0JBBAT CHBPEMEHHUTE TUTHTAHN TEXHOJOTHH B MOMOII
Ha cdYeroBogHara pabora. MHCTHTYTPT 1O  mMyOnmMYHA
anMuHUCTpanus myoimkyea mpe3 2016 r. ,,COopHUK ¢ mo0pu
NpPaKTUKU OT JAeHHOCTTa Ha aJMUHUCTpauuuTe, B KOHTO ca
OTIMCaHW TIPHMeEpHU 3a ONTHMH3UpaHe Ha pabOTHUTE NPOLECH Ha
pasmuunu myOonuuHd uHCTHTYLHH. [20] 3a chXkaleHne HUTO eAUH
IpUMep He 3acsira CYETOBOAHHM NpOIeCH. MHOTrO OT HOCIEIHHUTE
MOTaT JICHO Ja ObJaT HaIlbJHO JAWIMTAIM3MPAHH, KaTo Ha rasapa
CBIIECTBYBAT PELICHHUS 3a IOCTUTAHETO HM.

lonsiMO NpeNU3BUKATENCTBO CBIIO € HUBOTO Ha LU(POBU
yMeHUsI Ha paboTenmre B myoanuHara cdepa. [{utupanusr no-rope
nokyment DES| moka3Ba, ye nmiara, KOMTO IMPHUTEXKABaT IOHE
OCHOBHM LM(POBH yMeHHS Bb3am3ar Ha 29% OT Bb3PacTHOTO
HacelleHHe B cpaBHEHUE cbe cpenHo 58% 3a EC, nokaro camo 11%
NPUTEXKABAT YMEHHMS HaJ CPEJHOTO paBHMINE (MAIKO IOA eIHa
Tpera oT cpennara croitnocT 3a EC). Cnopen CeeroBuust Joknaz 3a
Konkypenuust 2017-2018 na CseroBuusi MxoHomuyecku Dopym,
Bbeirapus e Ha 39-r0 mscto (ot obuo 137 gbpxkaBu) B mepo
Texnonoeuuna eomosvocm. 1llo ce oTHacst 10 0OydeHHsiTa Ha
cioyxutenu, bobarapus e Ha 118-ro wMsacto. [21] [lanHuTe
KpacHOPEYMBO MOKa3Bar, 4e bbirapus e m3npaBeHa mnpes cepuo3Hu
NpPEIU3BUKATEICTBA 110 OTHOIIGHME Ha HW3MOJI3BAHETO Ha
JUTUTATHATE TEXHOJIOTUH.

Hapen ¢ HMCKOTO paBHHMIE Ha HU(POBH yMEHHMS, CPEIHO 3a
CTpaHaTa B NyOJMYHHS CEKTOP KaHAMAATCTBAT IO-MAJIKO MIIaJIH
XOpa, B CpaBHEHHUE C YacTHHUS ceKTop. ToBa € MHOTO oce3aeMo B I10-
MalkuTe OOImMHU. ToBa € MpennocTaBKa CUETOBOAMTEIMTE Ia
MIPEATIOYNTAT TPATUIIMOHHUTE CO(TYEepHN peIeHns, C KOUTO Bede
ca CBUKHAJIHU J1a pabOTAT U HE Ca CKIIOHHN KbM HOBOBBHBEICHHSI.

[Ipobaem mpen AWTHTAIM3ANMATA € CIOXKHATA OPraHM3anUs Ha
IIC. ToBa Boau 10 MOBHIIEHA OPTaHM3ANMOHHA KOMILUIAIMPAHOCT,
cpueTaHa ¢ TosiM Opoll moTpeOuTenn mHpH BBHBEKIAHETO Ha
qurutaney permenus. CpIo Taka pUCK MMa M MO OTHOINEHHE Ha
BJIaCTOBaTa CHCTEMa, KOETO 3aTPyAHSBA IIOCIEAOBATEIIHOTO
manepcTso. B [IC MeHHIXBpHUTE OT BUCIIE HUBO, T.€. MOJIUTHISCKU
Ha3Ha4eHH JIMIA, Ca [T0-MaJIKO CKJIOHHU KbM BHBEK/IaHETO HA HOBH
MH(QOPMAMOHHN TEXHOJIOTHH, OTKOJKOTO MEHHKBPHUTE Ha
CPEIHO HUBO. [22]

Karo cepro3Ho mnpenu3BHKaTelcTBO OTOENsA3BaMe JMIICaTa Ha

JIOCTaThYHO CPEACTBa 3a 3aloYyBaHe Ha eIHAa  TaKaBa
nmpokoMamabHa pepopmMa B obOjacTra Ha  IMyOJIMYHOTO
yrpaBneHne. [IMaHMpaHeTo HA HWHBECTHIMHTE B JUTHTAIHH

texHosornd B [IC decto ce MOYMHSABA Ha MOJUTHYECKarTa
OpHEHTAIMsl KbM KOHKPETHHS MOMEHT M 3aTOBa € OpHUEHTHUPaHO
MIPEAVMHO B KPaTKOCPOYEH IUTaH. PhKOBOAMTENUTE HA OTIEITHUTE
OIO/DKETHH TPEINpUATHS CBIIO ca TBBPAE OIPaHWUYEHH OT
CpeAcTBaTa C KOHMTO paslojarar, 3a Ja 3aloyvHaT IOo-CepHO3Ha
aBTOMATH3allUMsl Ha CYETOBOAHMTE mpoiuecu. OCHrypsBaHETO Ha
JIOCTaTbYHO (PUHAHCOBM PECYPCH BEPOATHO Iue € (akT ¢
MPUEMAHETO Ha CTpaTerys 3a peopMa U AUrHTATH3ALHS.

C u3bpoeHOTO HE ce M34YepmBaT HpoOJIeMUTe  IIper
IUruTanMsanusTa Ha cuerosoactsoto B IIC. CerbT oOaue craBa
BCE IO-MIHMTACH M JMTUTAIM3aLMATa HaBJM3a BCE IIOBEYE B
exenHeBuero. Taka u cueroBoacTBoTo B IIC B Hamara cTpaHa He
MOXE Ja OCTaHe JBJIIO BpeMe U3BbH TE3H  IPOLECH.
Jururanu3anusita B CY€TOBOACTBOTO I HAapacTBa B ObJelle, Thil
KaTo M3IOJ3BAHETO Ha HOBHTE TEXHOJOTHM I0O3BOJISIBA pEIIaBaHE
Ha HOBHU MPOOJIeMH, MOIepPHU3UPAHE Ha KOHIETIIUHUTE 32 00paboTKa
U mpenaBaHe Ha MHGOpMAlMs M JONPHMHACA 3a NOBHIIABAHE Ha
e(eKTUBHOCTTA Ha CYETOBOIHUTE MPOLIECH.
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5. 3akmouenue

JIMrUTaIHUTEe TEXHOJOTHH KOPEHHO TpaHc(opMHpar HavuHa,
[0 KOWTO paboTAT OpraHU3allMKuTe, KaKTO B IyOJIMYHUS, Taka U B
4acTHHs CeKTop. Jlururaimsanusra Ha cueroBoacTBoTo B IIC B
Brirapus ce cBexJa OCHOBHO JIO M3IIOJI3BAHETO HA CYETOBOJEH
codryep. He ce wu3moia3Bar CHBPEMECHHHUTE HOBH JHTHTAIHH
pCIICHHS, KOUTO Ca B CHhCTOSIHHE Jla MPOMEHSAT KOPEHHO KaKTO
paboTara Ha CYETOBOJWTENSA, Taka M Ja IOAOOPAT CUETOBOIHO
UH(OPMAIHOHHOTO OCHTYpSIBAHE HA BCHYKU YIPABICHCKUA HHBA W
Ha  oOmecTBoTo. OCHOBHHTE  NPEAM3BUKATEICTBA  IPeN
JWMTUTAIN3AlUATa Ha CYCTOBOACTBOTO Ca PE3yiTaT OT JIMIICAaTa Ha
J'bpKaBHA CTpAaTErHs, KOSTO 3acira He CaMO TEXHOJOTMYHHUTES W
OpraHU3alMOHHM aCTIEKTH Ha MPOIIeca, HO C’hI0 TaKa M Pa3BHUTHETO
Ha OTYETHOCTTa B myOumuHus cekrop. Cpex Ipyrure BaxHH
NpeIU3BUKATEICTBA €€  HAapeKJaT  HEMO3HAaBaHET0  Ha
BB3MOXKHOCTUTE, KOUTO TNPENOCTABAT HOBUTE HHGOPMALMOHHH
TEXHOJIOTHH, HUCKATa CTeNeH Ha M (POBH YMEHUA y paboTelmTe 1
JIMIICaTa Ha I0CTaThYHO (PUHAHCOB pecypc.
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Bausinue nHa CJICKTPOMATrHUTHOTO IM0OJIC, TECHEPUPAHO OT CMaqu)OH, BBPXY MO3b1YHaTa
AKTHBHOCT HA Y0BCK
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Pesiome: Ilo speme na paboma mobunnume meneoHU U3NLUGAM eHepeusi NOO opmMama Ha eleKmpoMASHUMHU NONemd, KOumo
g3aumooelicmeam c opeanume 6 enasama na nompeoumens. Coujecmeysam MHOHCECMBO U3CIEO8ANUS, OA6AUU NPOMUBOPEUUBU Pe3VIMAamu
3a egexkmume Ha MO3U 6UO ENEKMPOMACHUMHA eHepeUsl 8bPXY 30pasemo Ha Yoeek. Hacmoswama cmamus uma 3a yen oa onpeoenu 0am
Ppaouovecmomuume UMRYJICHU eKCROZUYUU O MOOUIHU meneh)oHyu Mo2am 0a NOBIUAAM HA MOZbYHAMA AKMUGHOC HA Y06eK. 3a ma3su yei
€ U3CNe06aHO BGIUAHUEMO HA eKCnosuyusma Ha pabomew; MoOuieH meneghon 6bpXy HEPEHAMA pearyuss HA H06eK ype3 aHAIU3 Ha
eneKmpoPUIUONOUHY USMEPBAHUS HA AKMUBHOCMMA HA MO3bYHUMe 6baHu. Tecmosume usmepeanus Ha enekmpoeHnyeganospamama
(EET) na ywacmuuyume 6 excnepumenma ca npogederu npyu Hauuyue u npu aunca Ha pabomeuy Moouien menegon.

Kniouoeu dymu: enexmpomacHummno none, elekmpoenyeganospama, Qusuonoeus Ha 4oeexd

1. Bveeoenue

Xopara KuBeST M pPabOTAT B cCpera OT ECTECTBEHH WU
M3KYCTBEHH €JIEKTpOMAarHuTHU mnoJiera [1]. YoBemKkoTo Ts10 Moxe
Jla ce pasriiekaa Karo eJIeKTPOMAarHWTHAa CHUCTeMa Ha KJIEThYHO
HuBo. To ce e mpucnocoOuIo KbM Bb3ICHCTBUETO Ha €CTECTBEHHUTE
CIIEKTPOMArHUTHU moseTa Ha 3emsTa, Jlynata u CapHuero. [Ipes
MOCJICIHUTE JIeceTUIeTHs] OpOAT Ha M3TOYHMIMTE Ha W3KYCTBEHU
CIEKTPOMArHUTHA TIOJieTa HapacTBa [2]. VYBenmuaBa ce H
YeCTOTHHSAT AMANa30H Ha paboTa Ha Te3W ycTpoiicTBa. BnusiHuero
Ha BCUYKH 3a00MKaIM HU EIEKTPOMAarHUTHU MOJIETa 3aBUCH OT
YECTOTHHS [Mala30H Ha W3JbYBAHHTE CUTHAIM, BPEMETO Ha
oONpYBaHE ¥  MOINHOCTTa Ha CHUrHama. JlucraHuusta OT
npenaBatens 10 YOBEeKa € OT CHIIECTBEHO 3HAYCHHE 32 MOILIHOCTTA
Ha EIeKTPOMAarHUTHOTO Tmoje. OT BCHUKM W3TOYHHMIM HA
€JIEKTPOMArHNUTHA pajualys KaTro Ye JM Hal-OMacHH 3a 3IPaBeTo
Ha 90BEKa ca MOOWIHHTE Telne()OHHU, KOUTO ca Hepa3denHa J4acT OT
Hamwms KuBOT [3-5]. AKO mpenu HAKOJKO JECETHICTHS TO3M BU
YCTpOHCTBa Ce H3MOJ3Baxa NPEJVMHO OT BB3PACTHHTE XOpa IO
HSKOJIKO MHUHYTH Ha JIeH, B JHEIIHO BpeMe CHTyalusiTa € J0cTa
pazmmuHa. ChBpEeMEHHMTE Jela INpHUTEeXaBaT MOOWIHHM CMapT
arapaTH, KOUTO M3I0JI3BaT 4acoBe Hape] KaKTO 3a KOMYHHKAIWs,
TaKa ¥ 3a 3a0aBJeHUs WM 3a ydeHe 110 BpeMe Ha IaHJIeMUsITa OT
COVID-19 [6]. [IpuTeCHUTEIHOTO B TO3H BUJ YCTPOHCTBA €, Y€ TC
ca MHOTO OJIM30 0 TSUIOTO HAa YOBEK M 4YecToTara Ha ymoTpeba e
©KEHEBHA U MPOBIDKUTENTHA. MOOWIHUAT TeneOH € TeHepaTop
Ha €JIEKTPOMAarHWTHH IOJIeTa, KOWUTO JEHOHONIHO OOJbUBAT Haii-
Ba)XKHUTE OpPraHW KaTO MO3bKA, CHPLETO WM MHTUMHUTE YacTH Ha
TSUIOTO.

Bce omie He e ompeneneHO AaM eKCHO3MIMATAa HA MOOMICH
TenepoH MOXKE Ja NPUYMHM HAKAKBA OHOJIOTMYHM NPOMEHH H
edekTn, KOMUTO Aa JNOBEHaT MO HEOJNArompISITHU IOCICIHIU 3a
3apaBeTo Ipu Xopara. Ha pasctosHme | cM OT rIjaBarta Ha
notpedurens MoOWIHMTE TeneOHM Morar Ja  M3Ib4YBar
PaJMOYeCTOTHH UMITYJICHU cUrHaimu B ooxsara oT 410 MHz no 52
600 MHz npu crnenmpuyHa CKOPOCT Ha abCOpOLMsI HA E€HEpTrHs
(SARs) neroBeue ot 2 W/kg, koero e oOuionpuero oOIIECTBEHO
orpaHu4eHHe. B MOMEHTa 4eCTOTHMAT Ouana3oH Ha MOOWIHUTE
TeneoHU € TBBPAE BHCOK, 3a Ja Npequ3BUKa BB30YyXKIaHe Ha
kierkute (cpemwanm ce npu dectotn <100 KHz) u cpoTBeTHO
HuBara Ha SAR ca cpaBHMTENTHO HHMCKM, 3a Ja c€ MOJYy4H
3HAYUTEIHO HArpsBaHe HAa THKAHWTE, KOMTO MOTAaT Ja MPUYUHSAT
BpEMEHHa MO3bYHA JUCQYHKIMSA, KaTo HalpUMep HamalleHa
NPOM3BOAUTEIHOCT WJIM pEIIaBaHe Ha ©KEJHEBHU 3aJauH.
INonacTosilueM He € W3SICHEHO WIM HE ce JlaBa sICHA U TOYHA
uHpopMaLKsT AT eKCIO3MLUHUTE Ha MOOWIHU TeleoHH
npuanHsiBaT Ouonoruunu epekru [7]. TlpousBoaurtenure Ha cMapT
YCTPOHCTBAa OOMKHOBEHO CIIOMEHABAT, Y€ HUBOTO HA '€HEPUPAHUTE
€NIEKTPOMArHUTHH T10JIeTa OT TEXHUTE YCTPOWCTBA Ca HUCKH M TOBA
10 HUKAaKbB HA4YMH HE 3acsira 4YoBeKa, U3I0J3Ball yCTPOHCTBOTO. 3a
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MOTBBPKAAaBAHE HA T€3U TBbPAEHUS yCTPOUCTBAaTa HA KOMIIAHUUTE
ce cepTudULMPAT U CTaHIapTU3UPAT.

EnHu ot Hali-BpegHHTE 32 YOBELIKOTO TSUIO €JIEKTPOMAarHUTHH
M3JIbYBAHMA, OT [VIEHA TOUKA HA OPTaHU3Ma, Ca BUCOKOUECTOTHHUTE
M3IbYBAHUA  OT  CAHTUMETPOBHA  Juana3oH.  MoOuiHuUTe
KOMYHMKAllUM Ca B CaMOTO HAyajo Ha TO3M JMama3oH, HO TOMH
HENpPEeKbCHATO ce yBenuyaBa. ChILECTBYBAT MHOIO U Pa3IMYHH
NPOYYBaHUsS 32 YCTAHOBSBAHE Ha BIMSAHHETO HAa H3JIBYBAHOTO
€NIEeKTPOMArHUTHO T10JIe OT 3a00MKaISIIIUTE HU CMapT YCTPOICTBa
BbPXY pa3IMYHM OHOJOTMYHM (YHKIMM HA YOBEIIKOTO TAJIO.
EnexTpoMarHMTHUTE MOJIeTa OT PaJHOYECTOTHMS JUAIla30H MOraT
Jla IPUYUHAT HeOJIarONPUsTHN CHCTOSHUS Ha [IGHTpaJIHATa HEpBHA
CHCTeMa W ChpIedHO-chaoBaTa cuctema [8-10]. YcranoBeHu ca
eeKkTH OT MmpeyMopa W MpeBb30yaa Ha YOBEK OT MPEKOMEPHOTO
M3M0JI3BaHe Ha OE3)KUYHHU cMapT ycTpoiicTsa [11-13].

MUKpOBBIHOBOTO JIBYCHHE, TEHEPHPAHO OT MOOWIHHUTE
Tene(OHY, NMPEAU3BHKBA 3arpsgBaHe Ha YOBEIIKOTO TSIIO, KOETO
MOJKE J]a e OXJIagu OT KpbBOHOCHaTa cucreMa [14, 15]. IIpobiem
CBINECTBYBA, KOTaTo NajeH OpraH Karo JeljaTa Ha OKOTO, He
CBHABPKA KPBBOHOCHU CHAOBE M HE MOXE Ja C€ OXJIaaH, KOETO
MOJKE Ja JIOBEAE O yBpeXIaHe Ha Jiemara. Te3u INpOMEHH ca
HeoOpaTiMu.

ChIIECTBYBAaT MHOTO W Pa3JIMUHK M3CJICBAHKMS Ha BIUSHHETO
Ha €JIEKTPOMArHUTHUTE BBJIHUA BbPXY OHOJOTMYHOTO CHCTOSHHUE Ha
yoBeka. YacT OT  UW3CIEOBaHWATA C€  TNPOBEXIAT  OT
TEJIEKOMYHUKAI[MOHHA KOMITAHHHM, KOWTO HMAaTr KOPIIOPATHBHH
HHTEPECH, KOETO IMOCTaBsl MOJ CHMHEHHE IOCTOBEPHOCTTA Ha
pesyaratute. HacTosimoTo wM3clieABaHe He € OOBBp3aHO C
TEJICKOMYHHKAIlMOHHA KOMIIAHMKM W TpeTeHAMpa 3a HaydHa
00EKTHBHOCT.

IMocneaHUTe CTATHCTHYECKH JaHHHM [OKa3BaT, 4ye OposAT Ha
norpeduTenure Ha MOOWIHHM TeneOHM B CBETOBEH Mamab
HENPEeKbCHATO CE€ yBENMYaBa M IPUIOCTHATA OICHKA Ha PUCKa 3a
3paBeT0 OT H3MOJ3BAHETO HAa MOOWIHH YCTpOMCTBA € OT
pelaBaiio 3HaueHHe.

EauH 0T OCHOBHHTE BBIPOCH, NPEAMET Ha HACTOSIUS aHAIN3,
€ M3ClIe[BaHe HA BIMSHHETO HAa CICKTPOMArHUTHHTE MOJIeTa
(EMII), renepupann oT MoOWIHH TenedOHH, BBPXY MO3bUHATA
aKTMBHOCT Ha YOBEK MO BpeME Ha H3MOJ3BAaHETO Ha MOOMICH
teneon. HampaseHo e cpaBHEHHE MEX/IY PE3YITaTH, OIYYCHH IO
BpeMe Ha U3I0JI3BaHe Ha MOOHIEH TesiehOH U IPEeIH U3IOJI3BAHETO
My.

Mony4yenure 3anmcu Ha EEI curnamm ca oOpaboTeHn BbB
BpeMeBara M 4eCTOTHA 00JIacT U ca aHAIM3MPaHHU C MOMOIITA Ha t-
TecT 3a CBbp3anu u3Baaku (paired sample t-test).
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2. Enyeghanozpachusn

V3cnenBaHeTo Ha aKTUBHOCTTA HA MO3bKa Ha YOBEK Ce
OCBIIECTBSIBA C TIoMoIITa Ha eHuedaitorpadus [8]. To3u merox ce
OCHOBaBa Ha pErUCTpalusTa HAa CyMapHaTa elieKTpUYecka
aKTHBHOCT Ha TIJIABHHS MO3bK, OTBEACHA 10 NOBBPXHOCTTA Ha
ryiaBara enektpoennedanorpama (EET’). Enmnedanorpamara
MO3BOJIsIBA Jia Ce€ TPaBH KAKTO KAYeCTBCH, Taka M KOJUYECTBCH
aHamM3 Ha (YHKIMOHHPAHETO HA TJIABHHS MO3BbK Ha YOBEK.
3anucute Ha EEI' curHamure ce u3noi3BaT IIMPOKO B
JMarHOCTHKaTta ¥ JICYEHHeTO Ha Xopara (Haii-uecto TpH
SMUIICTICHUsI), B AHECTE3HOJIOTHATA, CHIIO TPH H3ydaBaHe Ha
JICHHOCTHTE HAa MO3bKA KaToO BB3MPHATHE, MAMET, aanTalys 1 JIp.

Pernctparmsata Ha EEI' ce ochlnecTBsBa ¢ NOMOINTa Ha
@NIEKTPO/M, 3aKpeleHH 3a MOBBPXHOCTTa HA KOXKaTa Ha IilaBara,
KOMTO 4pe3 NPOBOJHHUK IPEHACAT B yCHJIBATENs OMONOTEHIMAINTE
— enektpoenuedanorpama (dur. 1).

/ Right
Side

Back

@ue. 1 To3uyus u ume nHa enekmpooume , UsnOBEAHU npu enyedaniospama
om medxcoynapoonama cucmema 10-20

3a momyuaBaHeTo Ha kauecTBeH 3ammc Ha EEIT 6e3 mammamero
Ha apreakTH (IIyMOBE M CMYIIEHHS) € HEOOXOIMMO B XO#a Ha
M3CIEABAHETO MMANMEHTHT Ja Ce HAaMHpa B YHOOHO Kpecio C
HaMaJieHa BE3MOJXKHOCT 3a ABIDKEHHE Ha IJlaBata U Tsu10To. ChINo
Taka € HEeOOXOJWMO Ja Ce MHUHHMIBHpA BIMSHHETO Ha BBHHIIHH
CBETIIMHHY WM 3BYKOBH ApasHuteny. [Ipu nmonanane Ha apredakTi
B eJIeKTpoeHIedarorpamMara € HeoOX0auMo Te Aa ce (GuiTpupar
[16].

EEI' aktuBHOCTTa Ha MO3BKa npeacTaBjsiBa CbBKYITHOCT OT
BBJIHU C HpI/IGJ'II/JBI/ITeJIHO TNOCTOAHHU Y€CTOTHU, HAPECUCHU pUMMU.

IIpeobnanapanmmure EEI' putvMu ce Hapwyar oomuHupawyu.
HamansBanero Ha aMIumiTyata Ha KoseOaHusTa 6e3 H3MEeHEeHHe Ha
YyecToTara Ha CUTHaNA ce Hapu4da denpecus Ha putMuTe. [IpomecsT
Ha (QopMHpaHe Ha peryjsipHa pPUTMHYHA aKTHBHOCT H
YBEIMYaBaHETO HA aMIUIUTYAHOTO KojebaHWe ce Hapuda
cunxponuszayusi Ha puThbMa. HapymaBaHeTo Ha pUTMHYHOCTTAa Ha

BbiHOBUTEe Tmporniecu Ha EEIT curnamure ¢ mnpomsHa Ha
aMIUIMTyZaTa W NpOMsiHA Ha  4yecToTaTa Cc€  Hapuua
OecunxpoHu3ayusl.

OOUKHOBEHO PUTMHTE CE€ Pas3/IeNisIT Ha HSAKOJIKO BHAA CIOpE.
YeCTOTHHS ANAIa30H, B KOWTO ce Hamupart. Te GuBart: nenra-puTmy,
TeTa-puT™MH, aida-puTMu, 6eta-puT™Mu 1 rama-purmu [17-19].

Jenma-pummume ce XxapakTepu3upar ¢ 4ecToTeH auanasoH 0.5-
4 Hz. B EEl' Ha 31paB BB3pacTeH 4YOBEK B CBCTOSHUE Ha
00IbpPCTBAHE AENTA-PUTMHUTE MOXKE J1a IPUCHCTBAT B MHOTO MaJIKU
KonuyecTBa. TsxHara ammuryna He npeBumasa 40 uV
(o6ukHOBeHO € okojio 20 puV). Jlenra-putMure ce sBIBaT OCHOBEH
PUTBM IPHU ChH, KOTaTO Heropara aMumryaa goctura ao 300 pV u
Harope.

Ilo naHHW OT pa3iMyYHM H3CIEABAHUA TPAHULUTE HA Mmema-
pumvMa ce pa3NiyaBar, HO CPEJHO Ce MpUeMa ¢ YeCTOTH OT 4 110 8
Hz. Ammmrynara Ha Te3W BBJIHM B HOPMAIHO CHCTOSHUE HE
mpeBumaBa 40 pV. YBenmuaBaHeTO Ha aMIUTUTyJaTa Ha TeTa-
pHUTBMa, OT e[[Ha CTPaHa, MOXe Jla O3Ha4YaBa MaToJIOTHs, a OT Apyra
CTpaHa — MOXe JIa € OTPaKEHUE Ha OnpeneNeHo (GyHKIHOHAIHO
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CBCTOSIHUE, CBBP3aHO HWJIM C HaMaJIBaHEC Ha AaKTUBHOCTTAa Ha
MO3bKa, WIK C YBCIIMUABAHC HA KOHICHTpANUATA, KOTHUTUBHATA U
€MOIMOHAaJIHa aKTUBHOCT.

KbM anppa-pummume ce otHacs noOpe MOmyIMpaHa, BHCOKA
ammumrtyna (cpemHara ammmtyaa ¢ 60-80 uV), putmmyHa
aKTUBHOCT C Y€CTOTH B auanazona ot 7.5 no 13 Hz. Te3u putmu ce
peructpupar B moseue ot 85% ot 3apaBuTe Xopa. [Ipenn Bcuuko
anpa-puTHbMBT CE OTHACS 3a 3JI[PaBH BB3PACTHU XOpa, HAMHUPAIIH CE
B CBhCTOSHHEC Ha CTIOKOWHO OOMBPCTBAHE MPU 3aTBOPCHH OYH,
TIPEUMYIIIECTBEHO B TEMEHHO-THIIHATA 00JIACT Ha TJI1aBara.

Henpecusata Ha anda-puTMHTE CBHAETENCTBA 3a 00ma
aKTHMBAlMs Ha KOpara Ha IJaBHHS MO3bK. OTBAapsSHETO Ha OYHUTE
WM TIPU YMCTBEHA AaKTUBHOCT Ha YOBEK C€ CBIPOBOXKIA OT
nernpecust Ha anda-purbMa. Baxna ocobeHocTt Ha anga-
aKTMBHOCTTa ce sBsBa HelHaTa (YHKUMOHAJIHA ACHMETPHsS IPH
Pa3IMYHU KOTHUTHBHU U €MOLIMOHATIHN HATOBAPBAHHI.

bema-pumvmbum uma yectoren quanasoH 13-35 Hz, ammiuryna

no 15 pV (paspmemit ce na HuckouectotHu — 13-25 Hz m
BHUCOKOUYSCTOTHHU Oera-putmu — 25-35 Hz). Te3u purmu ca nobpe
M3paseHH B YeNHaTa W TeMmmopanHara obmact.  Kakrto
CHHXPOHM3ALMATA, Taka M [ECHHXPOHM3aUMATa Ha Oera-

aKTUBHOCTTa C€ CBBP3Ba OT MHOTO aBTOPU C Pa3jMYHU BUIOBE
eMOIMM W KOTHUTHBHHM mpouecu. CHHXpOHH3auusTa Ha Oera-
puTHMA B 4enHaTa 00JacT ce CBbp3Ba C Mpolieca Ha KOHLEHTPALIHSL.

Tama-pumvmem 3acsra tnaBHo dectoTd Hany 35 Hz. Tosm
putbM ce onpenens A0 yectoTH okojio 80 Hz mmm 100 Hz. Toit e
CBBP3aH C Pa3jIMYyHU KOTHUTHBHM M JBUrarenHu ¢yskimu. ['ama-
BBJIHUTE Ca BAXHM 3a YYEHETO, NamMerta M oOpaboTkara Ha
rHpOpMAaLHS.

MzBecTHO e, ye EEI" curnanute ce mpoMeHsT criopen 3a1avara,
M3IBIHABAHA OT YOBEK, M HETOBUTE EMOIIMOHATHH CBHCTOSHIS.
Paznuunm 4ecTOTHH IUana3oHM HA MO3BYHHS CHEKTHp KaTo JIeNTa,
TeTa, anda, 6eTa U raMa ca HOCUTEIN HA HHGOPMAIHS 33 TEKYIOTO
CBCTOSIHUC HA MHAVBHIA. AHAIM3BT HA MPOMEHUTE B CIIEKTHPa Ha
YOBEIIKMS MO3BK [aBa MoOJe3Ha HMH(popManus 3a NMPHHIWIA Ha
GbyHKIMOHMpaHe Ha MO3bKa [20-22].

3. Oopabomxa na EEI cuznanu u oannu

Ilopanu Muoro Hucka amrumrtyaa EED' curnamire yecto mbT
ca 3amIyMeHH, KaTo € BB3MOXHO Ja CBHIBPKAT W Pa3IUIHU
apredaxtu [ 16]. IllymbT MOKe 1a Ob€ eTEeKTPOISH IIyM WK Ja Ce
reHepupa OT CaMoTO TAJIO Ha YoBeKa. Bujgosere 1rym, KOUTO Moratr
na 3ambpeaT EEDI' curnanuTe no BpemMe Ha 3allUCUTE, €a UIyMbT OT
€JIEKTPO/la, OT JABW)KEHMETO HA TSUIOTO, JBIDKEHHMATA Ha O4YUTE,
muranero Ha ounte ¥ noHskora EKI" cmymenus. [llymosere B EEI’
CHUTHaJINTEe C€ Hapuyar apmegaxmu W Te TpsiOBa na Obaar
npemMaxHatd OT mbpBoHadayHuss EEIT  curnan, Tpi  Karo
IIyMBT/apTedaKkTUTe 3aTpyaHIBaT 00padoTkara u aHamm3a Ha EE
CHUTHAJIUTE.

AnroputsMbT 3a oOpabotka Ha EEI' curnHamm, usmos3BaH B
HACTOsIIaTa CTaTs, € NoKa3aH Ha Gurypa 2.

[ EEG curmanm ot BCHYKH KaHaIH ]

g

[ CneKTpanHa IUNIETHOCT Ha MOIIMHOCTTA ]

[ )

I3BiuuaHe Ha Oerre3u (OLESHKH)

J L

ObpaboTKa
Ha CUrHann

O6paboTka,

CpAaBHCHHA H
AHaJIN3

Ha AaHHK

O6paboTka

Due. 2 Aneopumvm 3a o6pabomra na EEI" cuenanume u oannume
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AJITOpUTBMBT C€ CBCTOM OT JBe uacTd. IIppBara wacT
00paboTBa CHrHAINTE OT BCHUYKM CEH30pHH KaHAIW, Karo TH
¢uaTpupa M pasnens 1Mo PpUTMH W 3a BCEKH PUTBHM CE€ OLEHSBAT
HETOBHTE MTapaMeTpH. 3a I0JIydaBaHe Ha CIIEKThpa Ha CUTHAINTE B
EEl' kananmuTe ce W3MOJBBa AITOPUTBM Ha INpeoOpa3oBaHUE HA
CHTHAIUTEe B 4YecToTHara oOyact. OlleHKaTta Ha TMapaMeTpUTEe Ha
CHTHAJIMTE B YECTOTHaTa 00JacT Ha CUTHAINTE CE H3BBHPIIBA B
crieKTpanHaTa obiacT Ha curHaia. [lomydaBaliku HabOp OT JaHHU
oT BpemeBara U dectoTHa obnact Ha EEI' curHamure wimm T.Hap.
feature extraction®, ce mpemuHaBa kbM 00pabOTKa M aHAIW3 Ha
T€3U JaHHU.

3a mpoBek/1aHe Ha CTAaTHCTHYECKH aHAIU3 C I YCTAaHOBSIBaHE
Ha HIKAKBU 3HAUUMH Pa3IMKH MEXIYy YCPEIHEHaTa MOIIHOCT B
MOJIydeHUTE JaHHH TpeId M 10 BpeMe Ha eKCIIO3WLUsITa €
u3noi3BaH {-TecT 3a CBBpP3aHM U3BAJKM 3a CpaBHSABaHE Ha
cnekrpanHara MotHocT Ha EEI curnasmre [7].

BaxxHo e na ce oTOenexu, 4e rpaHuiuTe Ha Gurypa 2 Mexmy
CIEKTpaJHaTa IUIBTHOCT Ha MOLIHOCTTA, U3BIMYAHETO Ha Oene3n u
CPaBHHUTEIHIAT aHAIM3 HE ca TBHPAO (UKCHPAHH M TE3H TPaHULU
MOTar J0pH Ja He ChIIeCTBYBAT. 110 TO3M HAYMH KOMIIOHEHTHTE 32
npeaBaputenHa oOpaboTka u u3BnmMuane Ha Oenmesu ot EEI
CHTHAIUTE MOHSIKOTa ce OOCIMHSABAT B ©OHH AITOPUTHM, JOKATO
AMrOPUTBMBT 33 CPAaBHEHHE MOXKE [a JIMIICBA WM [a Ce PeayLupa
10 Hail-mpocTata My Gopma, T.€. 0 Ipar 3a B3eMaHe Ha PELICHHS 1
ompeersiHe Ha CTOMHOCTHTE Ha Pa3IMIHHUTE XapaKTePUCTHKH.

4. Pezynmamu

3a ycTaHOBSIBaHE Ha €BEHTYaJIHH e€(eKTH OT Bb3JIEHCTBHETO Ha
€NIeKTPOMAarHUTHUTE MOJIeTa, T€HEpUpaHH OT MOOWIIeH TenedoH,
BbPXY aKTHBHOCTTAa Ha YOBELIKHS MO3BK Ca MPOBENCHH CEpusi OT
eKCTIEpUMEHTH B YHHBepcUTeTa MO OWOIMOTEKO3HaHHE W
nHpopmanmoHHn  TexHojormd, YHuBUT p. Codus,
Vuusepcurera ,JIIpod. n-p Acen 3marapos® — r1p. byprac u
Mmuoromnpoduiaara 60HHIA 3a aKTUBHO Jjedenue — rp. lllymen.
ExcriepnMenTanHaTa OCTaHOBKA € 00CHAEHA OT OMOETHYHA IpyIa
1 € YCTAaHOBEHO, Y€ M3CJIEBAHETO HE 3acTpaliaBa 3/paBeTO Ha
rmanyeHTuTe. 3cnexBaHwWTe Jmma JeKIapuUpaT B IIHCMEH BHI
CBOETO CHITIACHE 3a y4dacTHe B EKCIIEPUMEHTa, KakTO M d4e ca
¢m3uyecky 37paBM W 4e HE ca TNpHEeMald JIeKapCTBa IIpe3
MOCTEAHUST MeCell Mpeau IBNUTATeNHHs Tepuof. Bcekm ot
EKCTIIEPUMEHTUTE CTapTHpa ChC CTaHAapTHO m3cienBane Ha EEI
pPUTMHTE Ha YOBEK M YCTAaHOBSABaHE Ha 100po (U3MUIECKO W
MICUXWYECKO 3/paBe Ha ydacTHHKa. [lo BpeMe Ha eKclieprMeHTa
YYaCTHHUKBT CEIU Ha yN00€eH CTOJ CbC 3aTBOPEHU O4H, HO B OyIHO
cheTostHue (¢ur. 3).

QDue. 3 Yuacmuuk no egpeme Ha excnepumenma

[IepBoHavanHo ce mpaBu 3anuc Ha EE[ purmure 6e3
U3M0JI3BaHEe Ha MOOWIEH TeneoH, a BIOCIEICTBHE — C HErOBOTO
n3nossBaHe. Te3u 3amucu ca HEOOXOAMMH, 3a Jla CE HANpPaBH
CPaBHUTENECH aHAIM3 MEXAY JACHHOCTTa Ha MO3bKa Ipexd U IOo
BpeMe Ha U3M0JI3BaHeTO Ha MOOHIICH Tee(oH. 3a yCTaHOBsIBaHE Ha
3aBHCHMOCTH MEXIY €IeKTpOMarHUTHUTE M3apuBaHusa Ha GSM no
BpeMe Ha pasroBOp BBPXYy MO3bYHATA AKTUBHOCT Ha YOBEK €
Npech3/IaJicHa CHUTyallus, MaKCHMalHO OJM3Ka 10 pealHaTta 3a
NpOBEXIaHe Ha Tene()OHEH PasroBop. 3a Ta3W IEN y4aCTHHKBT B
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eKCIIepUMEHTa IbP)KH MOOWIIEH Teiae()OH Ha pa3CTOsHHE OKOJo |
CM OT JisIBaTa CTpaHa Ha IJaBaTa CH, KakTo € Moka3aHo Ha ¢ur. 3.
ExcriepuMeHThT € poBeleH ¢ amapar Samsung Galaxy S9+, koiiro
uma Specific Absorption Rate (SAR) ot 0.36 W/kg. Tlo Bpeme Ha
EET" 3anucute y4acTHUKBT IbPIKH OUUTE CH 3aTBOPEHH, TPsiOBa 1a
e OymeH B OTIYCHATO CBHCTOSHHE W CIyllla THX PasroBOp IO
tenedona. 3ByKbT B Tee(hOHa ChABPIKA PABHOMEPHO U CHIOKOWHO
OpoeHe OT eIHO 10 CTO, KOETO ce MojaBa OT IpPYr YYacTHHK,
Hammpam] ce B chcenHa crasd. 3amuchT Ha EEI curnammre, 0e3
U3MO0JI3BaHEe Ha MOOWIEH Tene)OH U C HErOBOTO M3IOJI3BAHE, € C
obma mnpoaemkutenHocT okoso 30 munytH. Ilomydennre EEI
curHam ce ¢Qunrpupar B cpenara Ha MATJIAD no noaxopsin
HAYMH, KaTo C€ aHAIM3MPAT YETHPUTE KIMHUYHO 3Haynmmu EE[
neHTyn, a uMeHHo aenta (1-4 Hz), Tera (4-8 Hz), anda (8-13 Hz) u
6era (13-32 Hz). 3amucure Ha EED curHamire ca 06paboTeHH Npu
nuIca Ha padoren MoOwIeH TenedoH U 0 BpeMe Ha pa3roBop ¢
MoOOMIIeH Tene(oH.

Toit karo EEI" curnanuTe ce 3amnucBar BbB BpeMeBaTa 00J1acT,
ce mnpuiara TEXHHKa 3a NpeoOpa3yBaHe Ha CUTHalla 3a BpeMme B
gyectoTHa 00nactT. CHeKTpuTe HA CUTHAIH, ToJydeHH ot Pwelch
CIHEKTbpA Ha CUTHAIMTE NPEIU U CcJel IM0AaBaHe KbM MOOMICH
TenedoH, ce M3MOJ3BAT 3a CPaBHUTENEH aHajW3, M3TOTBSHE Ha
3aKJIFOYEHHS U J1aBaHe Ha IPEHOPBKH.

Uscnensann ca Bcmuku EEIT kamanm, oOXBamamm u JBETE
MO3bYHH MOJIYKBI0a. OT NOJydeHHUTE pe3yaraTi O¢ yCTaHOBEHO, Ye
B Toukute T3, TS5, F3 u F7, xouto ca Hait-0113K0 70 JSIBOTO YXO, Ce
noiydasa npomsHa B cnektbpa Ha EEI' curnana. Haii-romsmo e
YBEJIMUEHUETO Ha cliekTpanHara MoiHocT Ha EEI" curnana B Touka
T3, kosiTo ce HamHpa Hai-OMM3KO 10 MOOWIHUS TenepoH u
CBHOTBETHO € TOJI0KeHa Ha Hali-BUCOKH HHBA Ha oOnpuBane ((ur.
4). B rtouka T3 ce 3aleisi3Ba yBelIMYaBaHE HA CIEKTPATHATA
MOIHOCT B TMOYTH IENUsI YECTOTEH MAMaNa3oH, JOKaro Mpu
ocrtanamte Toukd TS5, F3 u F7 ToBa yBenmnueHwe e mpenuMHO B
Tera- W anda-nuanaszona. [IpoMsiHaTta Ha CIIEKTpaHATa MOIIHOCT
Ha EEI' curnmama e mpeau BCHYKO B CpegHara 4YelHa
KOHTpanaTepajHa CTpaHa, KOeTO MOXe J1a ce 00sicHu ¢ Oim3ocTTa
Ha MOOMIHUS TeneoH 10 Ta3! CTpaHa.

50 POWER SPECTRUM USING PWELCH METHOD
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@Due. 4 Cnexmuvp na EEI" cuenan om mouxa T3

UscnenBann ca 30 ymma (16 mbxe u 14 skeHH Ha cpenHa
BB3pacT 45.2 r.), KaTo B ObJelle ce IUIaHHpa yBeJWYaBaHE Ha
TexHus Opoil. 3a MOTBBpXKIaBaHE Ha [OCTOBEPHOCTTa Ha
MOJTy4EHUTE PE3YNITAaTH Ca W3MOJI3BAHU TPHM HM3MEpBATENHU ypeaa:
Emotiv EPOC+, SIGMA PLpro u Sienna EEG. 3a Tta3su wnen
M3ClieBaHUATA Ca NPOBENEHU B TpU opranuzaimu — YHubUT,
Vuusepcurera ,IIpod. a-p Acen 3marapos”“ B rp. Byprac u
MmuoromnpoduiHaTa 60JHULA 33 aKTUBHO JedeHue B rp. lllymen. B
OBbCIM M3CIISBAHUSA CE NPEIBMKAA Ja Ce M3IOJI3BAT Pa3InuHH
MOOWIHM amapaTd TpH pasjiMiHa  HPOJBIDKMTENHOCT — Ha
eKCIIepUMEHTA.
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3a cpaBHSBaHE Ha CpeHATA CIIEKTpaNHa €KCIO3HIWA ¢ U 0e3
GSM 3a muanazonwure Ha nenta (1-4 Hz), Tera (4-8 Hz), anda (8-13
Hz) u 6era (13-32 Hz) e npusoxeH t-TecT 3a CBbp3aHH HM3BaJIKH.
[Nomy4yenure cTaTUCTHUECKH HUBA BBHB BCHUKUTE UYETHUPU JICHTH
mokasBar p-croitHocTH mo-rosiemu oT 0.05, koero o3HauaBa, 4e
HSIMa 3HAUYMMa pa3jiika MEXIy CpeqHaTa (ajlnBa eKCIO3HUIW H
JTAaHHWTE 3a eKCITO3MIMATA (P-CTOMHOCTUTE CE CUMTAT 3a 3HAYMMH

npu  p<0.05). CrartnctHyeckn 3HAUMMHTE pa3M4us  ca
BU3yaIU3UpaHu Ha dur. 5.
‘ a, p<0.05 0, p<0.05
I a, p<0.05
oo N @)L Jopeoos
QP a, p<0.05
)

>
=

)

/

@Due. 5 Paznuxu ¢ cnekmvpa no ouanazonu

Haii-ronemMuTe mpoMeHH B CTIIEKThPA Ha CHTHaNA ce 3abems3Bar
B Touka T3, 3aroBa 3a Ta3sW TOYKAa € HAMPABEHO CIICI{HATHO
n3cnenBade Ha cnektbpa Ha EEIT curHama B nmenta, Tera, anda u
OeTa-uana3oHa.

Power Spectrum of DELTA Using PWELCH Method
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Duez. 6 Cnexmuvp na EEI" cuenan om mouxa T3 6 Oenma-ouanaszona

Power Spectrum of THETA Using PWELCH Method
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@Due. 7 Cnexmuvp na EEI" cuenan om mouxa 13 6 mema-ouanasona
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Power Spectrum of ALPHA Using PWELCH Method
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@ue. 8 Cnexmwp na EEI” cuenan om mouxa T3 6 angpa-ouanazona

0 Power Spectrum of BETA Using PWELCH Method
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@Due. 9 Cnexmuvp na EEI” cuenan om mouxa T3 6 6ema-ouanasona

[lpuHOCHT Ha W3CJEABAHETO Ce WM3pa3siBa B TPOBEXKIAHE Ha
3JIBJIOOYEH CIIEKTPAJICH aHAITN3 B PA3JIMYHUTE MO3BYHHU TUANIA30HH
C IIeJl YCTAHOBSIBAaHE HA Haii-CHIIECTBCHUTE PA3IIMKH B IMPOMSHATA
Ha CIIEKTpaliHaTa MONIHOCT. ToBa OW OOSCHHUIO HIKOW OMOJIOTUYHU
CBCTOSTHUS Ha YOBEIIKOTO TSLIO.

5. H3600u

HacTosimoTo m3cnenBaHe YCTaHOBM KpaTKOCPOYHHM e(eKTH B
aKTHBHOCTT2 HAa  MO3BYHUTEC BBJHHW, TPCIW3BUKAHH  OT
PaIMOYECTOTHUTE CUTHAIM, W3JIbYCHH OT MOOWJIECH  Tele(oH.
OTHOCHUTETHO ITO-BHCOKHTE HHBA Ha ekcrmo3umuss Ha SAR
MPEAN3BUKBAT 3HAYHWTENHO YyBeNMYaBaHE Ha  CIIEKTpaiHaTa
momHocT Ha EEI' Ha 4yoBek B cpeqHOuenHaTta KOHTpajlarepayHa
CTpaHa Ha IJIaBaTa [0 BpeMe Ha M3II0J3BaHe Ha MOOWIEH TenedoH.
THi Karo MeXaHW3MHUTE, TPEIU3BUKBAIIM TE3H PATHOYECTOTHH
epexkTd, B MOMEHTa He ca TpPOYYeHH B JABJIOOYMHA, TO €
JKM3HEHOBXHO B OBJEIIe Ja ce MOBTOPAT M JOPa3BUAT MOJOOHU
W3CJIeBaHMsl C L€ M3sICHsABaHE Ha OMO(U3MYHHMTE NPUUMHU 32
peructpupanuTe eeKTH.

Ha 6a3ara Ha HOJIydGHHTE pE3ylTaTH MOrar Aa Ce HalpaBsT
CIICAHHUTE MO-BAKHH MPENOPBKH: O BH3MOXKHOCT Ja C& OTPaHUYH
OposST Ha paroBopuTe N0 MOOWIeH TenedoH; MO BpeMe Ha
pasroBop MOOHIHUAT TenedoH TpsiOBa 1a ce ABPKHU HA U3BECTHA
OUCTAHIMS OT T[JIABaTa; JKENAaTeNHO € II0 BPEMe Ha [BJIBT
Tene()OHEH pPa3roBOp MOOWIHHAT Tene(OoH MEepUOIMYIHO [a ce
[pPEeMECTBa OT BETE CTPAHHU Ha IIIaBaTa.

B 3akmouenuwe, mo ce oTHacs 1o Opgemara paboTa, ce
IUTAaHUPAT PA3JIMYHU €KCIEPHUMEHTATHH CLEHApHH KaTo MpOYydBaHe
Ha TO-IBITH MEepPHOJU Ha MPOABDKUTENHH EKCIO3HLIUM Ha
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MOOWIHN TeneoHH BBPXY ydacTHHIMTEe B Tecta. Chmio Taka On
OWI0 WHTEpeCHO Aa ce BHIOIAT e(eKTHTe Ha EeKCIIO3WIMATa Ha
MoOmiHH  TeneoHM  BBPXYy — MO3bYHaTa  JAEHHOCT  IIpH
MIPOJBJDKUTENIHOCT 10 €OWH Yac WIM MOBEYEe C PA3IMIHH MapKu
ycrpoiictBa. M3cnenBaHeTro Ha Jenara 3a TakuBa e(peKTH € OT
peliaBao 3HadeHUe, Thi KaTo € BB3MOYKHO HYOBEHIKMST MO3BK B
Mo-paHHa BB3pacT Aa ObJe IO-TOJATIMB HA HEOIArompusITHH
TIOCJICIUIIH 3a 3][PABETO.

6. brazooaprnocmu

Cratusita € peanM3upana 1o npoekrt ,,CHHTe3 Ha JUHAMHYEH
MOJIEN 33 OLEHKA Ha NCUXOJOrMYeCKH M (PU3NIECKH BB3JIEHCTBUSA
oT mpekoMmepHa ymotpeba Ha cmapt TexHosoruu, KII-06-H
32/4/07.12.2019, ¢punancupan or PHNU-MOH.
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Higher Education and COVID 19 in Conditions of Education 4.0
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Abstract: In general, Education 4.0 is an institute of believed that promotes intelligent and smart thinking in education. Education 4.0
promotes education differently, mainly by consuming technology-based tools and resources. This is the most important goal of Education 4.0
for all educational institutions: to encourage students and improve students' learning outcomes. Higher education in the Fourth Industrial
Revolution is an open, rational and dynamic door that can change the thinking of society and upgrade the living standard of the people.

The epidemic outbreak of the novel coronavirus (COVID-19) has disrupted virtually all aspects of human life, including the tragic loss of
many lives around the globe. COVID-19 provides the right opportunity for all universities to try to change the how of learning.
KEY WORDS: HIGHER EDUCATION, EDUCATION 4.0, COVID — 19, TEACHING

1. Introduction

Education 4.0 was recognized as a respond to Industry 4.0, greatly
increasing the use of Internet technologies and cross-
communication tools. In fact, Education 4.0 uses intelligent school
management  systems,  learning  management  software,
communication tools, and other teaching and learning tools.

The epidemic outbreak of the novel coronavirus (COVID-19) has
disrupted virtually all aspects of human life, including the tragic
loss of many lives around the globe. It has broken rhythms and
routines, shattered patterns and norms, and exposed the best and
worst of humanity and human institutions. Yet, even these great
challenges and great difficulties offer opportunities to question
time-honored norms and routines, so we may reimagine and
recreate human institutions. Among these institutions, schools and
universities are built to serve the purpose of education. COVID- 19
has certainly disrupted the operations of millions of schools, often
forcing their closure.

While these closures have prompted innovation and institutional
self-examination, the chance of large-scale, long-term changes is
largely dependent on how we treat COVID-19 in education. If we
treat COVID-19 as a short-term crisis, then whatever we do to help
extend learning when universities are closed will be only temporary.
As soon as schools are reopened, the status quo will be restored.
This seems to be the mindset and behaviors of most schools around
the world [10].

Globally speaking, virtually all schools and universities have been
paused: some stopped temporarily for a few weeks, some for much
longer. Individual schools have tried a variety of ways to ensure that
schooling continues. Some replicated schooling using online tools;
some tried to broadcast content to students; some gave out
schoolwork without requiring all students to check in online; some
tried to let students decide what they wished to do; and some
enabled teachers to reorganize student learning. Meanwhile, higher
education, which many schools work to prepare students for, has
also been paused, as have many accompanying entities that provide
colleges the test scores for admissions. More important, the pauses
give schools a very rare and possibly very short window of
opportunity to recreate educational institutions.

2. Education 4.0

Personalized learning with Education 4.0 promotes understanding
and allows students to reach really interested, more professional and
memorable materials. It also means that students can become
interested professionals. General education 4.0 allows students to
achieve better learning outcomes based on real scientific or
professional interests. This is the most important goal of Education
4.0 for all educational institutions: to encourage students and
improve students' learning outcomes. Students are the main

stakeholders of the educational ecosystem and are the main
beneficiaries of the educational ecosystem.

Education 4.0 treats students as beneficiaries as before. Using
technology, students can connect in a better way with many other
stakeholders in the system, better communication with teachers,
parents and management. Student learning outcomes are directly
proportional to the level of implementation of Education 4.0.
Higher education in the Fourth Industrial Revolution (HE 4.0) is an
open, rational and dynamic door that can change the thinking of
society and upgrade the living standard of the people. The fourth
industrial revolution was triggered by counterfeiting and altered the
working environment in the central workplace. Peter Drucker said
in 1997 that the university would not survive and higher education
is in serious danger. The university campus as an institution will not
survive. The current dormitory is completely inappropriate and
completely redundant [9].

The current innovative and leadership-based learning objectives
introduced by Education 4.0 have made the transformation
obligatory from traditional classrooms of the industrial society to
creation of digital classrooms. This transformation will embrace
digital curriculum that might impact learning outcomes and reduce
in-class management. The characteristics of education systems can
be outlined in the Table 1 [8].

1,5 cuThe characteristics of education systems

MEANING IS.......
“Download”  Education | Dictated
1.0
“Open Access” Education | Socially constructed, usually with aid
2.0 of Internet access
Knowledge Producing Socially constructed and contextually
Education 3.0 reinvented knowledge
Innovation Producing Built through selective individual and
Education 4.0 team-driven  focused  innovations
practices
TECHNOLOGY IS...............
“Download”  Education | Confiscated at the classroom door
1.0 (digital refugees)
“Open Access” Education | Cautiously adopted open access
2.0 (digital immigrants)
Knowledge Producing Everywhere (digital natives in a digital
Education 3.0 universe) for ubiquitous knowledge
construction and transmission
Innovation Producing Always changing with the direct input
Education 4.0 of learners acting as a major source of
tech evolution in the service of
innovation production
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TEACHING IS DONE........ccccc....
“Download”  Education | Teacher to student
1.0
“Open Access” Education | Teacher to student and student to
2.0 student  (progressivism); Internet

resources are a normal part of learning
activities

Knowledge Producing
Education 3.0

Teacher to student, student to student,
student to teacher, people — technology
people (co-construction of knowledge)

Innovation Producing Amplified by positive innovation

Education 4.0 feedback loops; ubiquitously and
creatively 24/7 in all phases of living,
learning, and working

SCHOOLS ARE LOCATED IN

“Download”  Education | Ina building (brick)

1.0

“Open Access” Education | In a building or online (brick and

2.0 click), but increasingly on the Web

through hybrid and full internet

courses

Knowledge Producing
Education 3.0

Everywhere in the “creative society”
(thoroughly infused into society: cafes,
bowling alleys, bars, etc.)

Innovation Producing
Education 4.0

In the globally networked human
body, a continuously evolving
instrument innovatively supplementing

Source: Thi Lan Anh Vu, Building CDIO Approach Training
Programmes against Challenges of Industrial Revolution 4.0 for
Engineering and Technology Development and Author

Education 4.0 is a response to the needs of IR4.0 where human and
technology are aligned to enable new possibilities. Fisk [4] explains
that the new vision of learning promotes learners to learn not only
skills and knowledge that are needed but also to identify the source
to learn these skills and knowledge. There are nine trends related to
Educatlon 4.0 [4].

First, learning can be taken place anytime anywhere. e-
Learning tools offer great opportunities for remote, self-
paced learning. Flipped classroom approach also plays a
huge role as it allows interactive learning to be done in
class, while the theoretical parts to be learned outside the
class time.

Second, learning will be personalized to individual
students. More practices will be provided. Positive
reinforcements are used to promote positive learning
experience and boost students’ confidence about their
own academic abilities.

Third, students have a choice in determining how they
want to learn.

Fourth, students will be exposed to more project-based
learning. Students are required to apply their knowledge
and skills in completing a couple of short term projects.
By involving in the projects, they are practicing their
organizational, collaborative and time management skills
which are useful in their future academic careers.

Fifth, students will be exposed to more hands-on learning
through field experience such as internships, mentoring
projects and collaborative projects.

Sixth, students will be exposed to data interpretation in
which they are required to apply their theoretical
knowledge to numbers and use their reasoning skills to
make inferences based on logic and trends from given sets
of data.

Seventh, students will be assessed differently and the
conventional platforms to assess students may become
irrelevant or insufficient. Students’ factual knowledge can
be assessed during the learning process, while the
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application of the knowledge can be tested when they are
working on their projects in the field.

v Eighth, students’ opinion will be considered in designing
and updating the curriculum.

v Lastly, students will become more independent in their
own learning, thus forcing teachers to assume a new role
as facilitators who will guide the students through their
learning process.

3. Higher Education and COVID -19

Today, very little is known about the COVID-19 effects on the
higher education industry. The issue of the COVID-19 and its
impact on the higher education industry is a growing topic of
discussion worldwide [3]. Closing universities and cancelling
classes have become a COVID-19 reality in many parts of the
country, leading to enormous anxiety and uncertainty. At the same
time, the COVID-19 crisis has revealed the severe inequality and
inequity that exists in higher education worldwide. For example,
issues surrounding access to distance education and the enrollment
of international students and scholars in developing and transitional
economies have taken on heightened importance. The Institute of
International Education (IIE) (2020) [5] cautioned that “The
COVID-19 health crisis will affect international student mobility in
this academic year and possibly for years to come....including
decreasing number of students studying abroad, as well as inbound
international students and global partnerships with universities” (p.
10). As a result, cancellations of events, postponed and cancelled
study abroad programs, and moving teaching and operations
virtually have disparate impacts on the internationalization and
globalization of higher education [2]. The top three themes found
were students, education, and COVID-19 are present on Figure 1.
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Figure 1. Word Cloud: Top 100 Frequently Used Words
from Coronavirus (COVID-19) and Global Higher
Education: Opportunities and Challenges.

Source: Chan, R. (2020). Studying Coronavirus (COVID-19) and
Global Higher Education: Evidence for Future Research and
Practice

Before the pandemic, many campuses were facing declining
enrollment of traditional college-age students, potentially leading to
increased competition for students and tuition revenue. For public
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universities particularly, these challenges had been exacerbated by
long-declining state funding. One bright spot has been the growth of
online learning, accelerated by the stay-at-home shutdown in March
2020. Yet contrary to popular belief, emergency remote learning is
not the same as online learning. Emergency remote learning
provides temporary access to courses during a crisis, while online
learning intentionally plans and designs courses to be delivered
online from the start. A growing number of higher education
institutions have been considering how online learning could assist
in overcoming enrollment and financial shortfalls. After the 2019-
2020 school year, online learning has clearly become an important
part of making higher education accessible, equitable, and
affordable.

When the university closed and teaching shifted online, there was
still a need to inform the learning with awareness of affect in
practice. This requires strategies to continue with the reflexive work
on affective embodiment. Research into implementation science
indicates that teaching for student wellbeing and other social
emotional learning is most effective when embedded in
collaborative learning [1]. Therefore, the best activities for this
subject were debates, guided discussions, games, role-plays and
micro-teaching as these allow university students to experience and
practice collaboratively. This work often requires scaffolding skills
for students who may be unfamiliar or uncomfortable with these
teaching techniques. Reading the bodies and words of the students,
the lecturer is assisted in identifying when students may require
further support and this work in turn, allows teachers to gain more
skill and familiarity with these important teaching approaches for
their own practice.

The available choices for asynchronous activities included
annotated videos, questions, systems models (another popular
choice using a free online tool) and different reading group
discussions. Students were asked to do two, but several did all the
activities. Just over 90% of students chose a simulation activity
each week. Online discussions developed into deep systemic
analysis. Despite being given the choice of whether or not to
respond to the reflections of others, almost all the students did.

Students benefit from a university education in two main
dimensions — self growth and professional development. For the
first, the on-campus experience is the key — in fact a good deal of
the self-growth happens outside of the formal curriculum through
the social and other engagements in an on-campus model. Any good
university provides a rich campus environment for such a growth.
Professional development is the focus of the formal curriculum.
Here, online mode is useful for some types of learning. But even for
professional development, online mode is of limited value in
developing graduate attributes like team work, communication
ability, consensus building, etc. So we can say that face-to-face,
campus-based education has a role in the overall education of the
student which cannot be replaced by online teaching, though online
models can indeed be useful for some aspects of the learning a
university provides.

Given the experience during covid lockdowns, Post-covid,
universities will want to be prepared for online delivery of courses.
However, given the limitations of online approaches, universities
are likely to opt for blended approach for education, keeping in
mind the learning goals as well as value perceptions. The blending
will happen in a few ways:

» Students will still be enrolled in a brick and mortal
university, but some of the courses they take in a semester
may be offered online, while the others will remain face-

to-face.
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Even with online courses, a blended model is likely to be
used — some Massive Open Online Courses (MOOC)
style asynchronous lecturing, complemented with some
weekly synchronous interaction (face-to-face or online) —
this maybe discussion like in a flipped classroom, or may
be summarizing the lectures for the week, etc. Some
aspects of assessment will also be face-to-face, like
projects, major exams, etc.

For courses being offered in classroom mode, some
students may be allowed to attend them online (i.e. the
lecture and presentation will be streamed live) [6].

This means that universities have to gear up to provide, in addition
to regular education, online education also — MOQOC-style lectures,
synchronous online teaching, and streaming of live lectures. We
view the third option as straightforward use of technology to have a
distributed class, which reduces the need for classroom
infrastructure, and do not discuss it further.

This means that universities have to gear up to provide, in addition
to regular education, online education also — MOOC-style lectures,
synchronous online teaching, and streaming of live lectures. We
view the third option as straightforward use of technology to have a
distributed class, which reduces the need for classroom
infrastructure, and do not discuss it further.

Once universities adopt a blended model where some courses may
be offered online, then the entire repository of online courses
available becomes a resource — the university does not have to
necessarily create its own courses. Using externally created courses
may not be used by the top universities of the world who may want
to offer their own courses to their students, they will be useful for
many universities, particularly those which have limited faculty
resources.

Institutional rules do not permit me to share their contributions, but
from my teaching notes, in synchronous sessions students
referenced their learning from the simulations and continued their
online discussions. Students were able to talk about the limitations
of the ‘characters’ they played in the simulation. They were able to
draw relevant insight into understanding some of the challenges
they were experiencing with disadvantaged families, and
observations about the differences that would likely exist in the
different safety nets in schools in their countries [7].

4. Conclusion

Despite the Education 4.0 paradigm, universities are characterized
by a plurality of learners with different profiles, interests, and
learning rhythms, which makes it extremely difficult to implement
certain resource-intensive techniques to provide each learner with
personalized follow-up. The need to integrate resources and actors
to allow the design of intelligent and self-adaptive cyber-physical
systems capable of managing learning processes also slows down
the perfect application of the education 4.0 paradigm.

Digitization and virtualization in education are motivating, inspiring
and potentially broad challenges for individuals and societies. Smart
and intelligent educational tools and resources should allow
individuals to develop more complete expertise, knowledge and
skills and unleash their innovative prospective.

Universities have the possibility to emerge from this pandemic as
places of compassion, of wisdom and worthiness. They were far
from that before the pandemic, where neoliberal interests influenced
not just the structure of the curriculum, the economics of scale in
teaching and in the profitability of its colonized expansion and
exploitation, but also in the self-deceit of its academics, their
administrators and their marketing professionals. The possibilities
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are for universities to speak to the truth as they can know it, provide

truth based on facts, argument and spirituality.
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Abstract: The building sector in our country has an important share of energy consumption. According to Eurostat data, final energy
consumption in the residential sector was estimated about 35 % of the total consumption. On the other hand about 75% of the electricity
consumption takes place in the building sector. It should be noted that currently this sector faces many challenge, as the quality of energy
supply (heating) in public buildings and the residential sector remains at low rates. Nevertheless, reducing energy consumption is one of the
main targets set in the National Energy Strategy 2018-2030. By 2030 this target suggests 15.5 % of the energy reduction. This study has at
its core the assessment of energy consumption in a public building placed in the city of Durres. Determining the typology and thermo-
physical characteristics of the building is of primary importance. The evaluation of the energy performance of the building in the dynamic
regime was carried out through the Hourly Energy Analysis (HAP) software. The implementation of energy efficiency measures is carried
out taking into account the energy and cost criteria. A cost analysis of EE measures was performed using the dynamic Net Present Value

method.

Keywords: PUPBLIC BUILDINGS, ENERGY EFFICIENCY, COST, EMISSION

1. Introduction

Energy consumption in building represents more than 38 % of the
total energy in Europe [1]. On the other hand, buildings are
responsible for approximately 35 % of greenhouse gas emissions.
Albania is part of this energy consumption trend. According to
INSTAT (Institute of Statistics) energy consumption of non-
residential building is approximately 20.6 % of the total energy
consumption [2]. 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) [3]. On the other hand Albania has
made a significant progress in preparation of the National Energy
and Climate Action Plan (NEACP). In order to maintain a high
economic growth rate, Albania has to provide power supply, which
is long-term, reliable and within the means to pay for it [4]. On the
other hand, the country needs to use energy in an efficient way and
to diversify its energy sources. Energy demand in the residential
sector represents a permanent challenge. The general classification
of climatic zones in Albania according to heating degree days is
divided into three main categories: zone A, B and C. Most of area
of public buildings, which makes up 57%, is located in climate zone
A. It is followed by the area climate B with 26% of the area and
finally the area climate C with 17% of the surface. Public buildings
with all the sub-categories have a significant contribution on energy
demand in buildings. For this reason this study is focused on the A
climatic zone. In absolute values the climatic zone A results the
largest percentage of energy savings. This paper discusses the
energy performance of a public building situated in climatic zone A.

2. Energy consumption in buildings

Electricity is often the main energy source for space heating,
especially in urban areas. Share of electricity consumption in
Albanian households according to Eurostat [5] 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.
Recently Albania introduced changes to the law of energy
efficiency in country, in order to insert mandatory energy efficient
targets for public, private and large consumers of energy. Therefore,
from September 2021 the public sector is obliged to renovate a
minimum of 3 % of the overall stock of public buildings [6]. This
should be realized annually to meet the minimum requirements of
energy performance. The law obligates municipalities to prepare
local action plans for energy efficiency that includes policies and
measures to save energy. In general, Albanian dwellings are
partially heated, and only for a few hours a day. The continued use
of old firewood stoves brings many problems to the environment
and health of citizens. Findings on the final energy consumption
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need for thermal energy services in the residential sector in 2015
speak of 4.9 billion kwWh, of which 54% were met by electricity,
37% by wood consumption, and 9% from liquid gas. The sector
emitted 96,000 tons of CO2 associated with the consumption of
liquid gas. The final consumed energy calculated on the basis of the
geometric and thermal properties of buildings, as well as the
features of the installed energy systems, differ substantially from
the energy balance. A view of energy sources share for space
heating is given below in Figure 1.

Main source of energy for space heating

0%

® Firewood
ik Electricity
LPG

Solar collectors

159 B No heating

Fig. 1 Main energy sources used for space heating purposes

3. Case Study

An administrative office building was considered for this study. The
building is placed in the port city of Durres. The gross floor area of
the building is approximately 925.9 m? which is organized in two
floors. Total window area is estimated 137 m? whereas wall
transmission area results 442 m? The roof transmission area
according to the plan is 438 m? The building serves as an
administrative and office space running 8 hours per day and 6 days
a week. The actual energy flows in the building, include lighting,
office equipment, HVAC system. Electricity is the main energy
source in the building. As for the time of this study no other fuel
source supplied the building facilities. It is obvious that electrical
equipment consists in the largest energy consumer in the
investigated building. However, the first attempt was to highlight
the current energy performance of the building. Overall heat
transfer coefficient prior the energy efficiency measures was
estimated U=1.023 W/m?K, whereas for windows this value was
U=3.147 W/(m%). For the roof the estimated value was U=2.05
W/(m?K). In Figure 2 is given the front view of the building studied
in this paper. Before estimating the energy performance a thermal
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imaging of the building was performed using infrared Testo camera.
The result is shown in detail in Figure 3.

Fig. 2 Front view of the office building [8]
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Fig. 3 Temperature distribution of the measured building side

In this case study thermal insulation was considered as the first
energy efficiency measure. For this a 50 mm polystyrene XPS was
predicted as an effective energy efficiency measure. It was obvious
from the beginning that the share of heating and cooling in the total
energy consumption is not very high due to geographic location of
the city in the west part of the country. However we expect large
consumption in cooling during summer season in both cases. It is a
fact that in this study the no intervention on windows replacement
was introduced, due to the relatively good condition observed
during the investigation of the building. On the other hand, window
replacement would require extra financial sources that were not
predicted by the administrative staff of the building.

60.00% -
50.00% - 46.10%
40.00% -
30.00% - 25.10% 33 20%
20.00% -
10.00% - 6.60%
0.00% - T T
Lights Cooling Heating Electric
. . equipment
u Before thermal insulation
m After thermal insulation

Fig. 4 Distribution of energy consumption in the building before
and after EE measures

A view of energy consumption in the building is presented in Figure
4. The graph shows the real distribution of energy flows in building
before and after thermal insulation assumed. The results suggest
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that introduction of such an EE measure could have a considerable
impact on heating, by a reduction by half. On the contrary, a slight
impact is observed in cooling where this reduction is less than in
heating. In Hourly Analysis Programme (HAP) is performed the
monthly energy consumption by each consumer in the building
inserting all the input data, such as lighting load, HVAC load,
equipment load, working hours, technical description of energy
consumers, employees etc. The results are presented in the Figure 5
to Figure 7.

Cooling

|
Heating

|
Lights Electric Equipment

Cost (§)

Month

Fig.5 Monthly component cost estimated in USD in HAP software.

Fig.6 Monthly energy cost for HVAC and non-HVAC components
prior introducing thermal insulation

Fig.7 Monthly energy cost for HVAC and non-HVAC components
after applying thermal insulation

What we can observe from the results taken from simulations is the
dominant energy consumption by non HVAC equipment, such as
lighting and electric appliances for office purposes. However this
trend sharply changes during summer days where solar irradiance is
higher. As a consequence the energy cost for cooling would
increase during summer season. As mentioned above the
application of thermal insulation of the walls would only slightly
decrease the cooling load during summer. It is clear that the highest
influence is on the windows, since their U-value is higher than in
opaque structures. Nevertheless, observing the Figure 7, a new
discussion can be made. Since the share of lighting and electrical
equipment is approximately equal throughout the year with minimal
variation and the demand for electricity is constant over the year it
was estimated appropriate introducing a photovoltaic PV system on
the rooftop of the building.
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3.1 PV System generating electricity

A grid connected photovoltaic system made of Si polycrystalline
cell was simulated using PVSol software. The PV generator surface
estimated at 181 m2 covered by 88 PV modules arranged on the
roof of the building. Numbers of inverters were four and total PV
output is assessed 34.32 kWp. The inclination was taken 30° and
orientation South 172°. The simulated results are listed below in
Figure 8.

PV system energy production
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Fig. 8 Energy production by PV system on rooftop of the building

From the simulations we are able to determine the specific annual
yield which results 1418.74 kwh/kWp and annual contribution of
PV system on the grid results 48,691 kWh/year. The stand-by
consumption evaluated about 64 kWh/year. On the other hand
generating electricity using solar energy will directly contribute on
the reduction of CO, emissions. The avoided CO, emissions result
in 29,215 kg/year. Furthermore an economic analysis was
performed using the simple payback method. For the financial
analysis specific investment cost was selected 750 Euro/kWp,
which is accordance with the nowadays market price of PV
modules. The assessment period was chosen 20 years and
amortization period 5.9 years. Total investment cost resulted 25,740
Euro. No bank loan was predicted for the investment during the
simulations. The results are given in Figure 9.

Accrued Cash Flow (Cash Balance)
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Fig. 9 Accrued cash flow balance

4. Conclusions

In this research paper a typical public building placed in the city of
Durres was considered. Durres city is part of the A climatic zone, in
which the public buildings dominate with more than 57 % located
in this area. The building is a two floor structure which is firstly
investigated using infrared thermal camera. From the investigation
carried out in the building four main energy consumers are lighting,
cooling, and heating purposes. Energy consumption of electric
equipment result on approximately 46 % of the total electricity
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consumption. First attempt to include energy efficiency measures
was to introduce the thermal insulation. Due to this EE measure the
impact on energy reduction in heating is significant, whereas for
other energy consumers this measure has a slight effect. The second
EE measure applied in this study was the introduction of a grid
connected PV energy system applied on the roof of the building.
Total PV capacity assessed was34.32 kWp with an annual yield
about 48,691 kWh of electricity. This figure will significantly
contribute on the CO, emission reduction estimated at 29,215 kg of
CO; per year. Energy consumption in public buildings requires
more accurate data which can be supplied at sight. The analysis
needs to deepen thoroughly in order to improve the energy
performance in building by introducing effective energy efficiency
measures with low cost ensuring greenhouse gas emission reduction
and increasing the energy performance of the building in generally.
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Changes in the need for digitization during the covid-19 pandemic
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Abstract: The digitization and automation of production and logistics technology as part of Industry 4.0 bring many positive aspects.
They create the conditions for expanding production capacities, enforcing in a competitive environment by increasing productivity and
quality of produced products, new opportunities and new customers, replacing people in dangerous operations and events. This paper deals
with the changing perception of the need for digitization brought about by the COVID-19 pandemic.

Keywords: DIGITALIZATION, PANDEMIC, SAFETY AND SECURITY, INDUSTRY 4.0

1. Introduction

In a modern enterprise operating in the conditions of digital
transformation, the main priority of business development is to
create and exploit the potential of available digitalization
opportunities. The COVID-19 pandemic has changed the situation
considerably and there has been an increasing emphasis on digital
transformation. The pandemic has had the opposite effect on
digitalisation and intelligent automation, as it is new technologies
that provide the solution to a crisis situation. Digital transformation
and the adaptation of new technologies, closely linked to the
revision of internal and external processes, is becoming a question
of survival for many enterprises [1].

2. Digitization within the EU

Digitalization is one of the European Union's top priorities. The
Digitalization should also help in the transition to a greener
economy and in achieving climate neutrality by 2050. The EU
wants to improve the digital skills of its population, provide training
for workers and move towards digitalization in public services that
respects fundamental rights and values. The European Commission
launched the Digitising European Industry (DEI) initiative back in
April 2016. As part of the Digital Single Market Strategy, the DEI
aims to strengthen the EU's digital competitiveness and ensure that
every business in Europe can benefit from digital innovation [2].

Based on the various initiatives to digitise industry and the
economy at national level, the activities of DEI are structured into
five main pillars:

Pillar 1 - A European platform for national initiatives to digitise
industry.

Pillar 2 - Digital innovation centres.

Pillar 3 - Strengthening leadership through partnerships and
industry platforms.

Pillar 4 - Regulatory framework for digital technologies.
Pillar 5 - Preparing Europe's citizens for the digital future.

In April 2021, the European Parliament approved the Digital
Europe Programme. It is the first ever Union financial instrument to
bring technology closer to citizens and businesses. The programme
should fund digital infrastructure and strategic technologies to
improve Europe's competitiveness, help the transition to a greener
economy and ensure technological sovereignty. In total, it should
invest almost €7.6 billion in five areas: supercomputers (€2.2
billion), artificial intelligence (€2.1 billion), cybersecurity (€1.6
billion), advanced digital skills (€577 million) and mainstreaming
digital technologies (€1.1 billion) [2].
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3. Digitalization in enterprises

The digitalization and automation of production and logistics
technologies as part of Industry 4.0 bring a number of positive
aspects to enterprises. They create conditions for expanding
production capacities, asserting themselves in the competitive
environment by increasing productivity and quality of manufactured
products, new opportunities, and new customers, replacing humans
in hazardous operations and events [5]. The different stages of
digitalization in enterprises can be summarized in 5 basic stages:

Stage 1 - Basic level of digitalization: The enterprise does not
address Industry 4.0, requirements are not met or only partially met.

Stage 2 - Interdepartmental digitization: The enterprise is
actively engaged in elements of Industry 4.0. Digitalization is being
implemented in various departments and the first Industry 4.0
requirements are being implemented across the enterprise.

Stage 3 - Horizontal and vertical digitalization: The enterprise
is digitalized horizontally and vertically. Industry 4.0 requirements
have been implemented within the enterprise and information flows
have been automated.

Stage 4 - Complete digitalization: The enterprise is completely
digitalized even beyond the enterprise boundaries and integrated
into value networks. Industry 4.0 approaches are actively pursued
and embedded within the corporate strategy.

Stage 5 - Optimizing complete digitalization: The enterprise is
a model for Industry 4.0 activities. It works closely with its business
partners and therefore optimises its value networks, Fig. 1.

4. Digitalization and risks

Risks in the context of digitalization begin with an assessment
of all the impacts (risks, opportunities, and changes) that may affect
the organization in a given environment, Fig. 2.

On the one hand, it is necessary to identify the requirements
imposed by customers and stakeholders and, on the other hand, the
inherent requirements ensured by the operation of the enterprise.
Subsequently, it is necessary to consider all the activities carried out
within the set processes and their impact on the fulfilment or non-
fulfilment of these requirements. These activities are based on
specific sources, e.g., the political situation in the organisation's
location, and may represent threats arising from the dissatisfaction
of certain social groups. The degree of dissatisfaction, i.e., the
magnitude of the impact of this parameter, depends on a closer
examination of its characteristics (e.g., political orientation,
religion, etc.). Financial threats depend on the possibility of losing
an important customer.
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Fig. 1 Example of Stage 5 of digitalization in the enterprise [3]

It cannot be assumed that there are fewer risks in a company
with a lower level of digitalization, but the nature of the risks is
changing and so is the way they are managed. The implementation
of the different phases of digitalization will improve and humanize
the work in the production lines. Simple manual tasks will
disappear. Employees will be coordinators who ensure smooth
production and will only intervene when a machine calls them to
action. It can be concluded that areas where Industry 4.0 elements
are not implemented will be more Safety-oriented, while areas
where Industry 4.0 elements are more actively used will be more
Security-oriented.
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Fig. 2 Risks in the context of digitalization
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5. Change of perception of the need for
digitalization in enterprises

Before the pandemic, a survey [4] was conducted in enterprises
of the Slovak Republic, one part of which was devoted to the
analysis of the current state of digitalization in relation to safety and
security. This part consisted of 24 questions. The results came out
interestingly, namely that 34% of the respondents were aware of the
need to implement digitalization in the enterprise but considered it
to be little known in the enterprise. 32% of the respondents
perceived that digitalization in relation to safety and security is only
marginally reflected in the management of the enterprise. The
estimate of the degree of digitalization in 18.9% of enterprises came
out to be around 51%-60%, Fig. 3.

@ less than 10%
@ 10%-20%
21%-30%
@ 31%-40%
@ 41%-50%
@® 51%-60%
@® 61%-70%
® 71%-80%

Fig. 3 Perception of the need for digitalization in enterprises before the
pandemic

The global spread of COVID-19 infection and the deployment
of strict precautionary and safety measures has led in many cases to
the paralysis of production facilities. Thanks to digitalization, some
enterprises have had sufficiently flexible and agile processes to be
able to implement and continue their business activities without
downtime, disruption, and unnecessary financial costs.
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The crisis caused by the pandemic has significantly changed the
previous plans in many companies. If digitalization has not been a
priority so far, enterprises will have to rethink their strategic plans if
they want to continue operating after the crisis. The same is true for
automation, where, as a result of the current crisis, a similar
scenario is expected in this area as for digitalization [1].

It is the current pandemic that has highlighted the gaps and
reserves in business processes at different levels that could provide
digital transformation solutions. In this case, it is a matter of trivial
signing of legally binding documents by statutory officers remotely
up to more complex solutions for dynamic management of
production lines or supply.

This situation has revealed the need for digitalization for:

1. crisis management,
2. access to accurate, correct and up-to-date information.

The crisis has divided enterprises into two groups. The first
group includes companies whose operations are currently shut
down. These enterprises belong to the endangered group and their
priorities will focus on the survival of the enterprise, consolidation
after the crisis and rehabilitation of the enterprise. The crisis will
help them to identify weaknesses and they will also need to focus
on increasing the flexibility of processes so that the operation is
able to respond to extreme market fluctuations, such as in the case
of a pandemic. The second group includes companies that are
managing their business activities during the crisis thanks to
digitalization.

6. Conclusion

Evidence of the need for digitization and a change in perception
is the existence of at least partial digitization in almost every
company, at least in the form of a basic in-house digital system
related to financial-administrative processes. Deploying new
technologies, process optimization, continuous innovation and
setting up new operating as well as business models will be a new
strategic challenge for most companies.

This contribution is the result of the projects implementation:
APVV No. 19-0367 Integrated Process Safety Management
Approach Framework for the Smart Enterprise
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Abstract: The project for improvement of the production process based on the Lean methodology in SMELT -ING DOO was implemented in
four phases (mini projects). The detailed analysis of the work orders in the period of 9 months provided clear picture of the current situation.
With the defined methodology and through mutual meetings with the upper management and the employees of the company, the project team
managed to introduce and implement the following mini projects: improved visualisation, digital work order, implementation of 5S and
portable tools trolley. All these mini projects have improved the organization of the production process and helped the process of waste

elimination in the company.
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1. Introduction

Lean is an approach to manufacturing that focuses on
eliminating waste and improving workflow. It is particularly
associated with the production system established at Toyota, with
its twin pillars of just-in-time inventory management and automated
quality control. In recent decades the principles of ‘lean thinking’
have been increasingly applied within the various industries to
banish waste and create value [1].

The authors were part of an international project Increasing the
Competitiveness of the Domestic SMEs in Order to Improve Their
Cooperation with Foreign Investors' Companies [INComSMEs]
where 6 SMEs from North Macedonia were selected and industrial
projects were carried out, www.mf.edu.mk/incomsmes. This case
presents one of the projects, implemented in SMELT-ING DOO.

SMELT-ING DOO was founded in 1996 as a company for trade
of electrical materials. Since then, the company is constantly
growing and investing in various other businesses in North
Macedonia and the region. SMELT-ING DOO is famous for its
flexibility and the individual approach to each of its clients. They
produce electrical cabinets, complex metal assemblies and
production of welding machines. SMELT-ING DOO team has
provided significant support during the entire INComSMEs project.
They were included in all training sessions organized by the Faculty
of Mechanical Engineering — Skopje and the Technical University
of Vienna. After they were selected as one of the companies for
implementing this industrial project, the employees strongly
engaged in the process and proposed many improvement ideas for
their organization. The project plan for implementation of the
project is shown in Figure 1.

Improvement of the production processes based on the lean methodology
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Assoc. prof. Bojan Jovanoski (Faculty of Mechanical Engineering - Skopje, UKIM)

Fig. 1 Project plan

2. Prerequisites and means for solving the problem

One of the first tasks that were completed in the phase of the
project was an analysis of the layout i.e., the material flow on the

shop floor of SMELT-ING DOO. Figure 2 is presenting the
material flow analysis for three specific products. The flow in the
production area is chaotic and this is understandable because they
have a heterogeneous product line. But there are no overlapping
lines, as seen in Figure 2, which means that the current machine
layout is acceptable. This means that the efforts of the project team
shouldn’t be directed towards the improvement of the transportation
paths and reorganization of the production shop floor (redesign of
the layout).

AN

- - = ,st—f*""” ~ =l

and {flow paths for the products (red lines)

Ll
Fig. 2 Analyzed layouts

After this, as shown in the project plan, in a six-month time
span, a detailed analysis of one of their main client’s programs was
performed, according to the real manufacturing demand and work
orders. The goal of this analysis was to determine the distribution of
time for each product (and batch) and based on these findings, the
team to propose future improvements (Figure 3).

NEEDED PROCESS CAPACITY

Part number Requirement
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Fig. 3 Detailed analysis for specific producfs

From all these observations, a table containing all the products
that SMELT-ING DOO is manufacturing for KEMET was
generated, with the time needed for manufacturing (T;) and setup
time (T,,) for each machine separately. In the period when this
observation was performed, there was no demand for all products.
Therefore, for those products (that were not observed), the project
team adopted the times for the most similar product that was
observed during the project (if needed, some of the times were
modified based on past experiences), Figure 4.

After processing the collected data, the project team analysed
the work orders from the past year, to provide reliable analysis for
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the utilization of the capacities. After this detailed analysis, a
presentation in SMELT-ING DOO summarized the conclusions
from the observations of the manufacturing process in the past
months.
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Fig. 4 T,,and T;analysis

Besides the fact that this analysis provided many various results
such as the utilization of every machine for the selected production
program, the team was especially interested in the setup time data —
which are times that are not adding any value to the process. The
results are shown in Figure 5.

Fig. 5 Detailed analysis of T,, per product

3. Challenges

Right after the analysis of the production system, the upper
management of the company organized several workshops
including all employees from the manufacturing department. The
project team was leading the process according to a previously set
methodology. Before the application of each new tool or method,
the team explained the tool/method and ensured that all employees
are aware of its meaning and application. During the process, many
ideas were proposed and through filling of CIP cards [2, 5]
(Continuous Improvement Process) shown in Figure 6 the team
prepared KAIZEN board, specially designed for SMELT-ING
DOO, as shown in Figure 7.

The ideas were classified as mini projects and were assigned to
a responsible team member:

- Improved visualisation (Bojan Nestorovski),

- Digital work order (Bojan Jovanoski),

- Implementation of 5S (Aleksandar Neveselov),

- Portable tool trolley (Zarko Angeleski).

Name Date

OQuality

Description of the problem

Osafety OProductivity | [ Costs

5 Why analysis Suggested countermeasures

Fig. 6 CIP card template

KAIZEN is an approach that continuously improve operations
and involve all employees [2, 4]. It is a business philosophy or
system that is based on making positive changes on a regular basis,
as to improve productivity [6]. For this project, a KAIZEN board
was implemented where the team and the company employees can
generate and monitor all the ideas for a particular topic. From total
of 12 ideas, in accordance with the timeframe for this project, the

project team decided to prioritize 4 ideas for further development
and implementation.

Fig. 7 KAIZEN board

4. Results and effects

It is very important to mention that from the start of the entire
project and during the initial visits of SMELT-ING DOO, the
project team could recognize a well-organized company and
successfully set systems. All mini projects that are subject to this
study, are simply improvements of the currently well-organized
shop floor. All these projects were directed towards the elimination
of the waste time (the non-value adding time).

4.1.Improved visualisation

The goal of this mini project was to enhance the visualisation of
the manufacturing shop floor. During the project, many crucial
positions were labelled such as the movement paths, the machines
and most importantly, labels were placed on the tools needed in the
manufacturing process (Figure 8).

BEFORE AFTER

BEFORE

h’-t‘ —1r-

e

Fig. 8 Part of the improvements of the visualization on the shop floor

4.2. Digital work-order

SMELT-ING DOO had ideas for the introduction of ERP
system. But considering that this company is connected to many
other organizations that still don’t use this ERP system, in this
timeframe, implementation of such a system was ruled out. Instead,
the project team prepared a solution that will still fulfil the
requirements of the company for digital work order until the ERP
system is implemented. Based on the observed times in the previous
phase, a digital work order template was prepared in Microsoft
Excel (Figure 9). This enabled flexibility for the employees, but
also it was a system for better planning and control of the
production.
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Fig. 9 Digital work order with previously defined technology and times

4.3. Implementation of 5S

5S is an approach to organize, order, clean, standardize and
continuously improve a work area. 5S is not just about
housekeeping, it is one of the most efficiently working tools of Lean
manufacturing [3]. This approach was introduced to SMELT-ING
DOO’s workplace to enhance the effectiveness of the production
and eliminate unnecessary objects (devices, machines, documents,
etc.). The steps to implement 5S are sort, set, shine, standardize
and sustain.

The 5S activities usually seem very simple and easy, but the
project team spent most of the time and energy on this mini project
as they are time consuming. Sometimes, full implementation of 5S
can take up to 3 years, but the project team had only 2 to 3 months.
Considering the time constrains, the team focused only on the most
frequently used machine, but also the machine where the T, values
were the highest (as identified in the observations at the beginning
of the project). The goal was to empower the employees to be
involved in this process on a daily basis and therefore sustain the
solutions set up with this project. Considering one of the most
important goals of the project — to connect the output control of
SMELT-ING DOO and the input control of their client, it was
suggested to use the client’s 5S checklist for audits and adapt it
accordingly (Figure 7).

Fig. 10 5S checklist
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Figure 11 is showing some of the before and after photos of this
project.

The sort step was

implemented using

specially designed
red tags.

1S

The set step was
implemented using
different boxes and

labels in different

colors. The tools
were selected
according to the
frequency of using.
2 S All tools that are
commonly used was
set in specially
designed cabinet.
This enables the
operators to find the
tools easier and
identify if any tools
are missing.

The company already has cleaning system in
place.

3S

To ensure that all
implemented
changes are

respected by the

employees, simple
daily checklist were
created to ensure
standardized work
of the operators
over the workday.

4S

To sustain the
solutions, the upper
management will
perform yearly 55
audit according to
created checklist.

5S

Figure 11: Improvement of the 5S — before and after implementation

This small project was thoroughly planned, and the
implementation was monitored and controlled very closely by the
team. Before each phase, the project team had presentations for the
employees for each 5S phase and the outcomes of each phase. After
this, with deadlines in place, SMELT-ING DOO employees
implemented the activities for the phases. Before moving to the next
5S step, an evaluation of the 5S implementation was undertaken
using the audit checklist.

Figure 12 is showing the progress of the 5S in the company.

Before implementation s After implemen tation . Maximum

. Safety

Standardize and

sustain Sort

Shine

Fig. 12 Improvement of the 5S
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According to Figure 12, in the beginning, the 5S score was 81
points. At the end of the implementation, the score was enhanced up
to 110 points out of 115 possible. Due to time constrains, the
procedure for preventive and corrective maintenance of the
machines was not implemented.

4.4. Portable tools trolley

Due to the many different tools that were usually left all over
the machines in the production area, without any order, the need for
a solution for better organization was needed. With the
implementation of this trolley, every tool got its own place which
was labelled accordingly. The trolley is designed to be portable, and
the operators can move it on the shop floor (Figure 13).

P ¢
Fig. 13 Portable tools trolley

The trolley is equipped with brakes so that the operators can
stop the trolley when they are working with the tools, or they are
simply storing it on the shop floor. The trolley consists of three
drawers, where the first drawer is dedicated for the most frequently
used tools. Both vertical sides of the trolley are also utilized with
the most common tools as screwdrivers, pliers, etc., as well as
protective equipment for the operators (gloves, anti-noise earplugs,
etc.). This trolley directly helped the previous mini project and
significantly helped achieve the satisfactory 5S score in the
company. The trolley is designed and produced by SMELTING
DOO and is now offered to the clients as one of their products.

5. Conclusion

The project with title “Improvement of the production processes
based on the lean methodology” was implemented in SMELT-ING
DOO. The project lasted for nine months, was carefully planned and
consisted of four mini projects with specific results from each:

- Improved visualisation

- Digital work order

- Implementation of 5S

- Portable tool trolley

The demand for those mini projects was established at working
meetings and mutual agreement, aided by the KAIZEN board.
Before that, a 4-months detailed analysis was conducted where the
following elements were created: spaghetti diagrams, process
capacity tables for the products, standard work combination sheet,
process chart, diagram of the document flow — from order to
delivery, and capacity analysis for all machines. The conclusion
from the analysis was that the company needs to work more on
decreasing the time for setup and less for the operative time.

The implementation of 5S required the most time to be
executed, as planned. Every stage of the methodology was
organized with a presentation for the workers, plan of tasks to be
undertaken, time to implement actions and evaluation of the
performance at the end. The digital working order helped the
company better plan and control the production processes, clearly
stating the check points. The improved visualization, together with
the portable cart, organized the production department even further
and decreased the time the workers need to initiate the work orders.

The involvement of the company’s employees was essential
during this project and that is one of the main lessons learned during
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the implementation. They welcomed the improvements with great
enthusiasm and provided many creative ideas for improvement of
their organization. The changes were easily managed and accepted
as the project team ensured to present and communicate the newly
implemented changes prior to the implementation.
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H3mepBaHe Ha IIyM HA pa0OTHO MSICTO TIPH MEXaHMYHO 00pPadOTBaHe HA METAJIU H OIlEHKA
HAa pPHUCKa 3a padoTemuTe OT Bb3/A€iiCTBHETO MY

nou. 1-p unx. Jparomup Bacunes

1

, TJI. ac. 1-p uHX. Muika ATaHacoBa

2

YTexmmueckn yuusepcurer — ['aGposo, karenpa ,,Maremaryka, HHQOPMATHKA H IPHPOIHI HAYKH™
Texmnueckn yuusepcuter — ['aGpoBo, katenpa ,,Marepuano3HaHue i MEXaHHKa Ha MaTepHaIuTe™,

Abstract: The aim of the present study is to measure the noise level at workplaces related to metal machining - tuming and milling, assessing

the risk to the health of exposed workers..
Keywords: noise level; metal machining, occupational noise

1. Bveeoenue

ExcnozunmsTa Ha myM npu paboTta MOJKe J1a yBPEIHU 31paBeTo
Ha paboremmre. Haii-u3BecTHHAT edekr oT mryma mpu pabora e
3arybara Ha CIIyX, €MH Npo0OJeM HaOJIoAaBaH cpen MaiHcTopuTe
Ha MerqHH u3gemus mpe3 1731 r. Toli obade mMoxKe CBIIO Taka Ja
H30CTPH CTpECa U J1a yBEINYH PHCKA OT 3JIOTIOJIYKH.

3arybata Ha ciyxa, NPUYUHEHA OT IIyM, OOMKHOBEHO ce
IBJDKA Ha TPOLBIDKUTENHO W3JIaraHe Ha CHJIEH WyM. [IbpBuAT
CUMITOM OOMYaHO € HEBB3MOXKHOCTTA J1a C€ YysAT 3BYKOBE C
BUCOK perucTsp. Jlokato Ha mpo0iema ¢ IPEeKOMEpHHsS LIyM ce
00bpHE BHUMaHKE, CIyXbT Ha CHOTBETHOTO JIMLE NPOIbJDKABA 1
ce YBpeXK/1a, BKJIFOUUTEIHO 10 CTEINEeH Ja Cpellia 3aTpyIHEeHUs IpU
OTKPHBAHETO Ha 3ByKOBE C MO-HUCHK perucThp. OOMKHOBEHO TOBa
ce CllyyBa M 3a JIBeTe YIIM. YBPEXKAaHUATA IPHU 3aryda Ha ciyxa,
MPUYUHEHA OT IIyM, Ca TPalHU.

Ilenta Ha HACTOAIIOTO H3CIEABaHE € Ja ObIEC H3MEPEHO
JHEBHOTO HHMBO Ha IIyM Ha pabOTHM MecTa CBBP3aHH C
MEXaHUYHO 00paboTBaHEe Ha METalM — CTpyroBaHe u (ppe3oBaHe,
Karo ObJe OLEHEH pHCKa 3a 3IpaBeTO Ha EKCIOHHMPAHWTE
paborenm [1].

2. H3noxcenue

[lo cBoETO XWTHEHHO 3HAYECHHE MIYMBT € Ha €IHO OT ITBPBUTE
MecTa cpen HeOmaronmpusaTHO AeiicTBammTe (hakTOopM HA
pabotHara cpexa. OT ¢pu3nIHA TI€AHA TOUKA Ty MBT CE OTPELIsT
KaTo CBBKYIIHOCT OT 3BYKOBH BBJHHM C pa3idyHa YeCcToTa H
aMIUIMTyJa, KOMTO C€ pa3lpocIpaHsBaT BbB Bb3AyxXa U ce
BB3IPUEMAT OT YOBEHIKOTO yX0. OT GU3HONOrHYHA IJIeIHa TOYKa
IIyMBT € BCEKH HEXeNaH, HENPUIATEH U JPasHel] 3BYK, KOHTO He
caMO MOXKE Jla yBpeIW 3[paBeTo, HO CHII0 Taka W Ja CMYTH
OTIMXa, Jla HapyllM CBHI, Ja JOBEeAe A0 HaMajeHa pabo-
TOCTIOCOOHOCT U Ja TIPEYH Ha TPYAOBaTa IEHHOCT.

B  XWrueHHara — [paKTHKa  [IyMOBHSAT
XapakTepH3npa C ABa OCHOBHU IIapaMeTbpa:

o Uumensumem (cuna) na wiyma. IlpencTasisBa KonmdecT-
BOTO 3BYKOBa €HEPTrHsl, KOSITO MPEMHUHABA 32 eIMHUIIA BpeMe TIpe3
IUTON], MEpIEeHINKY/sIpHA Ha ITOCOKaTa Ha 3ByKoBaTra BhJIHA. B
aKyCTHKara € Bb3IPUETO MHTEH3UTETHT Jla Ce OICHIBa B OeN Wi
neuben. MuyHMMaiHaTa WHTEH3MBHOCT, JOJIOBUMAa IIPH ITHJIHA
TUIIMHA C€ HapWya Ipar Ha 4YyBaHe, a CHWiIaTa, IPU KOSITO
BB3HHMKBA HENPUATHOTO ycemaHe — mpar Ha Ooskara. O6miara
CHla Ha IIyMa 3a BCSAKO pabOTHO MACTO HapacTBa IIpU
yBenMuaBaHe Opos HA M3TOYHHMLMTE Ha LIyM. Baxkna ocoGeHocT
Ha XapaKTepUCTHKAaTa Ha CKajlara Ha Jenubend e, 4e T He
npecTaBisiBa cOop OT pa3MyHATa CHIIA Ha LIyMa.

JlBa pasiM4HU W3TOYHMKA Ha IIyM Bceku cbe cuia 80 dB
3aenHo nasaT 83 dB, a He 160 dB. BaxkHo € chIII0 Taka j1a ce 3Hae,
ge u3meHeHunero ot 80 dB no 83 dB ce Bp3npuemMa 0T HOBEMIKOTO
yXO0 ChC ChIIaTa CHJIA, KAKTO ce Bb3npueMa npu npexona ot 40 dB
1o 43 dB, t.e. usmenenuero ot 3 dB, kakto e B citydas, BUHArH
UMa €/HAKBO BB3/ICHCTBUE IIPH BB3IPUEMAHETO Ha LIyMa,
HE3aBUCUMO OT ITbpPBOHAYaIHATA MY CHJIA.

e Cnexmvp Ha wyma (vecmoma). YecToTHAaTa XapaxkTepuc-
THKa Ha LIyMa TPEACTaBsiBA CHBKYIMHOCTTA Ha YECTOTUTE Ha
CBCTaBSIIUTE TO TOHOBE. CIyXOBHAT aHAIU3ATOP € CIOCOOEH aa
BBb3NpHUEMa 3BYLH, XapaKTepH3MWpalld Cce C YecToTa Ha
kosebanusaTa ot 16 Hz mo 20 000 Hz. C yBennueHnue Ha Bb3pacTTa

dakTop ce
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TO3M AMana3oH (M3NOJOTUYHO ce CTecHsIBa. PasroBopHara ped e
mexay 100 Hz u 7 000 Hz.

B 3aBucHMOCT OT NpOMsIHATA HA UHTEH3UTETA LIYMBT MOXKE J1a
obae:

v" TIOCTOSIHEH IIyM — IIlyM, YHETO HUBO C TCYCHHE Ha BPEMETO
ce mMeHs ¢ He noBeue oT 5 dB;

v HemnocTosHEH IIyM — LIyM, YHETO HMBO CE€ HM3MEHS C
noBeue oT 5 dB. Toit ot cBos cTpana ce pasens Ha:

v VMiyliceH — IIyMOB CHIHAJI BbB BHJ Ha OTHCIHH UMITYJI-
CH C IPOIBIKUTENHOCT OT 1 10 200 ms U BB3MpPHUEMaHU OT YXOTO
KaTo CJIEJBAILM €IMH CJIe] IPYT;

v’ TlpexbcBall UIyM — HUBOTO, Ha KOMTO CIana BHE3AIHO 3a
KbCH MHTEPBAIM U MHOTOKPATHO — 110 OKOJIHOTO HUBO U (DIIyKTYyH-
pall IyM, YMETO HUBO HENPEKBbCHATO BapHpA.

Hopmamuenu usuckeanus

HopmarvBHHTE M3HMCKBAaHHS OTHOCHO IIyMa Ha pabOTHUTE
MecTa ca perjamentupand B Hapen6a Ne 6 [2] u Hapenba 7 [3].
Hapen6a Ne 6 ompezernst rpaHHYHUTE CTOHHOCTH Ha €KCTIO3UILIUS U
CTOMHOCTUTE Ha €KCIIO3MLUS 3a MpearnpueMaHe Ha JeHcTBUS Ha
0a3a JHEBHHTE HHMBA Ha EKCIIO3MIMS HA IIyM H BBPXOBO 3BYKOBO
HaJSITaHe KaKToO CJe/IBa:

o ['pannynHm cTOMHOCTH Ha ekcro3ui: Lex, 8h = 87 dB(A) u
Ppeak = 200 Pa, crotBerHO 140 dB(C);

e ['opHM CTOMHOCTM Ha EKCHO3ULMA 3a IMpEIIpHEMaHEe Ha
netictue: Lex, 8h = 85 dB(A) u Ppeak = 140 Pa, croTBeTCTBaImO
Ha 137 dB(C);

e JIoMHM CTOHHOCTM Ha EKCIIO3WIWS 3a INpeAnpHeMaHe Ha
netictue: Lex, 8h = 80 dB(A) u Ppeak = 112 Pa, crotBetHO 135
dB(C);

Bw3oeiicmeue na wyma 6vpxy 30pagemo Ha pabomewume

Bw3neiicTBreTo Ha nIymMa BBPXY OpraHu3Mma ce 00yciaBs OT
CJIETHUTE TO-BaXKHU (paxTopu:

e [lapamerpn Ha IIyMa — HMHTEH3MBHOCT, YECTOTHA Xapak-
TEpUCTHKA, BHJ Ha IIyMa (IOCTOSHEH, IIPOMEHJINB, MPEKbCBAI,
UMITYJICEH);

e Excrio3uisi Ha IIyMOBOTO BE3JIEHCTBHE Ipe3 pabOTHHS
TIEH;

o Xapaxtep Ha M3BBPIIBaHATa AEHHOCT (pennuMHO (QrBHIecKH
WM CBBP3aH C HEPBHO-TICUXUIHO HANPEXKEHUE TPY);

o /lnBHyaTHa 4yBCTBUTEITHOCT, TI0JT, BB3PAcT;

o Haymmaue Ha apyru BpenHH GakTopH Ha paboTHarTa cpenia —
BHOpanuy, HeONAaronpwsiTeH MHKPOKINMAT, eJIeKTPOMarHUTHU
rosiera v ap.

CreneHra M XapakTepbT Ha BB3ACHCTBHE Ha IIyMa BBPXY
OpraHu3Ma ce OIpeeNsiT NPerd BCUIKO OT HUBOTO Ha 3BYKOBOTO
HaiTaHe B OKTAaBHUTE MBULIM HA 3BYKOBUTE YECTOTH H OT
MPOABIDKUTEIHOCTTA HA THEBHATA M 00I11a €KCTO3ULIHA.

OuenKka Ha pucKka npu eKCno3uuus Ha RPOU3600CH 6EH UIYM

3a nenuTe Ha OLICHKATa Ha PUCKA ClieiBa a O'b/IaT OLEHEHH U
KOraTo € HeoOXOAMMO, J1a Ce U3MEPAT HUBATA Ha LyMa, Ha KOWTO
paboTrenure ca eKCIOHUpPaHU. MeToauTe U amaparypara, KOUTO
ce M3I0J3BAT 32 M3MEpBaHEe HMBAara Ha Iyma TpsiOBa Ja JaBar
BB3MOXKHOCT 3a H34YHMCJIABAaHE Ha EKCIIO3MIMA, KaKTO M 3a
OIpEe/eIIsIHE Ha TOPHU U JIOJIHU CTOIMHOCTH 3a NpenpHeMaHe Ha
JeHCTBHE.

Ipu oLieHsIBaHe Ha pUCKa Ce B3eMa I10]] BHUMaHHe:

e HuBoTo, BHIa M NPOIBIDKUTENHOCTTa HA EKCHO3HULHATA,
BKJIIOUMTEITHO BCSIKA EKCHO3HIMS Ha UMITYJICEH IIyM;
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e Pe3ynTaTuTe OT H3MEpBAHUATA,;

e Beeku edekT 3a 31paBero m Oe3omacHOCTTa 3a paboTerH,
KOUTO ca 0COOEHO YyBCTBUTEIHU KbM €KCIIO3MIUSTA Ha IIYM;

e Beceku edekt BbpXy 31paBero M Ge3omacHOCTTa Ha pabo-
TENUTE, KOHTO € pe3yiraT OT B3aNMOJAEHCTBHETO MEXIy IIyMa 1
CBBp3aHnTe C paboTaTa OTOTOKCHYHH BEIECTBA M MEXKIY IIyMa U
BHOpanuure;

® BCsiko KOCBEHO BB3/ICIHCTBHE BBPXY 3ApaBeTo M Oe3omac-
HOCTTa Ha pabOTEMMTS, NPOM3THYAIIO OT B3aMMOICHCTBHETO
MEXy IIyMa U MPEayNpexXIaBalliTe CUTHAIN Wi IPYTH 3BYIH,
KOMTO Tpsi0Ba J1a ce CIIELIT, 32 J]a C€ HaMAJIK PUCKA OT 3JI0TIOJTYKH;

o llnpopmanmsiTa 3a eMuCHITa Ha IIyM, NPEJOCTaBeHA OT
MIPOM3BOIUTENSI Ha PabOTHOTO 00OOpy/IBaHE, B CHOTBETCTBHE C
W3WCKBaHWsITA Ha 3aKOHAa 32 TEXHUYECKHTE H3HMCKBAHUS KbM
MPOAYKTHTE U T10[3aKOHOBUTE HOPMAaTHBHHU aKTOBE KbM HETO;

o CiryyanTe, IpY KOUTO €KCHO3ULMATA Ha IIyM NPOABIDKABA U
cre]] IPUKIIIOYBaHE HAa paOOTHOTO BpeMe, BKIIFOYHMTEIIHO 110 BpeMe
Ha TI0OYMBKAa, 332 KOUTO € OTTOBOPEH pabOoTONATeIIAT;

o Besika mH(opMalysi, nostydeHa oT 3paBHOTO HaOMIO/ICHHE Ha
paboTenpite, KaKTo U MyOJIMKyBaHa HH(OpMAaLIs;

e Hanmmuue Ha cpencTsa 3a 3aluTa Ha ClyXa C HOAXOJSIIH
XapaKTePUCTUKHU 3a HAMAJLIBAHE Ha IllyMa.

PazpabotBar ce kapty 3a oueHka Ha prcka. Onpenerst ce -
POBO €IEMEHTUTE Ha PHCKA U CTOMHOCTTA (PUCKOBOTO YHUCIIO), KaTo ce

TI0COYBAT U MEPKUTE 3a OIPAHNY aBaHE HA PUCKA.
= B X E x T
/pyckoBO /BeposAT-  /ekcno-  /Texect/
yucno/ HocT/ 3nums/

OueHKaTa Ha PUCKa € KPaeH pe3yiiTar, KOWTO YCTaHOBsBa
JOMYCTUMOCTTA HA PUCKA M HEOOXOAMMOCTTA OT IIpWIaraHe Ha
JOMBJIHATEHA MEPKH 338 HErOBOTO HamalsiBaHe. M3mon3BaHa e
muposara MerorKa nepunupana s[4, 5].

OnuTHU AaHHHU U pe3yJTATH

OO0ekT Ha HACTOSIOTO H3CIEABaHE ca pabOTHH MecTa MpHU
00paboTKa HAa MeTanH, KaTo ca HAlpaBeHH W3MEPBAaHUSI H €
OIIEHEH PHCKa 3a pabOTHHUTE MecTa:

e Onepamop cmpye

e Onepamap ¢pesa

Memoo na usmepeane u mexuuiecku cpeocmed

W3smepBanero Ha myma ce m3BbpiuBa cbriacHo BJIC EN ISO
1999 [6] u BAC EN ISO 9612 [7].

3a pabOTHUIMTE WIM T'PYIHTE C XOMOTCHHA CKCIIO3HIIMS Ha
IIyM, KOUTO Iii¢ ObJIaT OIICHSBaHH HOMHHATHHAT JICH CE pa3Jels
Ha 3agaud. Beska 3amaga na ce medmHMpa Taka, 4e 1a UMa
BEPOATHOCT Lpaeqm M@ ObAe BB3MpOM3BOAMMO. TpsaOBa jga ce
BHMMaBa Jla ce¢ OOXBaHAT BCHYKH TNPUHOCH HAa CHOTBETHHUTE
mymoBe. [lompoOHata WH(pOpMAIMsS OTHOCHO TIPOABIDKUATEIN-
HOCTTa Ha 3aJ1auyuTe € 0COOEHO Ba)KHA NMPH M3TOYHUIM HA IIyM C
BHCOKH HUBA Ha IIyM. YCTAaHOBSIBAaHETO Ha W3TOYHHUIM Ha IIyM U
3a1a4y, KOWTO JaBaT Hal-BHCOKHM IIyMOBHM HHMBa € Ba)XHO 3a
TOYHOTO M3YMCIIABAHE KaKTO Ha L p A eq7, Taka 1 Ha L p cpeak.

3a Beaka 3amada L paeqrm, TPEICTaBIABAINO IyMOBATa
eKCTO3MIMsI Ha  paboTHHMKa  TpsibBa  OBAEe  M3MEPEHO.
U3smepBanusTa TpsiOBa 1a 00XBalaT NPOMEHHUTE B HUBATa Ha LIyM
B paMKHTE Ha BCSKa 33Ja4ya BbB BPEMETO, NPOCTPAHCTBOTO H
yCJIOBUSITA HA TPY/I.

[poxbmkuTeNnHOCTTA HA BCSKO HW3MEpBaHe € IOCTaThbYHO
Obira Ja CBOTBETCTBA HA  CPEAHOTO  CKBUBAJICHTHO
MPOIBIDKUTESIHO HUBO Ha 3BYKOBO HAJITaHE 3a KOHKpETHATa
3aa4ya. AKO NPOABDKUTEIHOCTTa Ha 3aJadyara € Ho-Majka oT 5
MHUHYTH, NPOIBIDKUTEHOCTTa Ha BCSIKO M3MEpBaHe TpsOBa J1a
OBl paBHO Ha MPOIBIDKMTEITHOCTTAa Ha 3ajadaTa. 3a MO-IbJITH
3a1a4y, MPOABDKUTEIHOCTTA HA BCSIKO M3MepBaHe TpsiOBa 1a
O0b1e MUHUMYM 5 MuUHYTA. MoKe, 006ade mpoab/DKUTEIHOCTTa Ha
BCSIKO M3MEPBAaHEe [ja Ce HaMali, aK0O HUBOTO € MOCTOSIHHO WITH CE
MOBTapsi, WIM aKo LIYMBT OT 3aJa4yaTa HOCH HEe3HAYHTEJeH
MPHUHOC KbM 001I[aTa €KCIIO3HIIUS Ha Iy M.
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AKO OIyMBT IO BpeMe Ha 3amadara € IUKIMYEH, BCAKO
n3MepBaHe TpsiOBa ma oOxXBamia NMPOABIDKUTEIHOCTTa Ha Haii-
MAJIKO TpH J00pe nedHNpaHy IUKbIA. AKO IPOIBIDKUTEIHOCTTa
Ha TPUTE LUKBJIA € TI0-MaJIKa OT 5 MiN, BCSKO U3MepBaHe TpsiOBa
na Obae Hai-mManko 5 min. TIpoabIDKUTEIHOCTTA HA BCSIKO
n3MepBaHe TpsiOBa BHHArM J1a CHOTBETCTBA Ha IPOIBIDKATEIN-
HOCTTa Ha ONpeziesieH OpOoi IThJIHH IUKJIH.

3a Beska 3amaya TpsOBa ca HampaBeHH Hal-MajKo TPH
n3MepBaHus. 3a Ja ce OOXBaHAT JEWCTBHUTEIHHTE NPOMEHH B
HUBaTa Ha IIyM, NPENOPBYMTENHO € H3MEepBaHMATA Ja ce
HaIMpaBsT B pa3IMYHA MOMEHTH O BpeMe Ha 3ajadara WM IpH
pa3nmuHu pabOTHUIM B TpyMaTa.

W3mepBanuTe HUBA Ha IIyM ca NPEICTABUTEIHH 32 HUBAaTa Ha
IIyM, BB3IIPUEMAHH OT yXOTO Ha pabOTHHUKA. AKO 3BYKOBOTO IOJIE
€ CIHOPOJIHO, TOYHOTO MACTO Ha H3MEpBaHE HE € TOJKOBa
KPUTHYHO.

V3mepBaHusATa ca M3BBPIICHH C MHUKPO(DOH, INOCTaBEeH Ha
MSACTOTO, KbAETO CE Hamupa IjaBaTa Ha pabOTHHKA IO BpeMe Ha
HOPMAQJHOTO W3BBPIIBaHE Ha pabora W 3amaya. 3a
IpeIIoYUTaHe € Ja ce I0CTaBM B IIEHTpajJHAaTa paBHMHA Ha
rjaBata Ha pabOTHHUKA, HA JIMHUATA HA OYHTE, C OC, YCIIOPE/IHA Ha
noryesa Ha pabOTHUKA U B OTCHCTBHE Ha paboTHuka. TpsiOBa na
ce B3eMaT 0/ BHUMaHUE Pa3IMYHHM CHOTBETCTBAIM MOJIOKEHHS
HAa IJlaBaTa Ha pabOTHHUKA B IPOCTPaHCTBOTO. CPEITHOTO HUBO Ha
3BYKOBO HaJiraHe Ha paGOTHOTO MSCTO MOJKE ChILO Jia CE IMOJIyYH
ype3 JBWKEHHE HA ImyMoMmepa (C MaxoBO IBHIKEHHE) B MpPE-
CTaBJIIBALLIATA HHTEPEC 30HA.

B ciyuaute, koraro ce Hanara pa0OTHHMKBT Aa IIPUCHCTBA HA
PabOTHOTO MSICTO, MUKPO(OHBT € Pa3IOoJIOKEH MU Ja Ce IbPKU
Ha pasctosinue Mexay 0,1 m u 0,4 M oT BeHIIHHMSA OTBOp Ha
YIIHUS KaHaAJI OT CTpaHaTa Ha YXOTO ¢ Hai-ToJsiMa eKCIO3UIIHS.

Axo geiiHocTTa Ha pabOTHHKA WIM KOH(HUTYpalusITa Ha
PabOTHOTO MSICTO MPaBU HEBB3MOXKHO CIA3BAHETO Ha AMCTAHIMS
ot 0,4 M, mpemopbUBa ce Ja ce W3MOJ3Ba ypel, KOWTO na Obae
MMOCTaBEH Ha pabOTHHKA.

AKO MECTOMOJIOXKEHHETO Ha pabOTHHKA € B TOJIMa OJIM30CT
710 M3TOYHHIUTE Ha IITyM, 3BYKOBOTO I0JIe TPSIOBA BHIMATEIIHO J1a
ce MpoydHr. AKO ITOJIOKEHHETO Ha IIaBaTa Ha pabOTHOTO MSCTO HE
e mobpe nedrHUpaHO, MOXKE Ja Ce M3MOJ3BAT CIACIHUTE MO3UIHN
Ha MUKpoQoHa

a) pabOTHUK B HM3MpaBeHo mojoxxenne — 1,55 m+ 0,075 m nag
MOBBPXHOCTTA, HA KOSITO CTOM PaOOTHUKBT;

0) pabdotHuK B cemHano mojnoxenue — 0,80 m £+ 0,05 m ot
cpenara Ha paBHHMHATA Ha CeJajkaTa, KaTo Celaykara € IocTaBeHa
BBB WM BB3MOXKHO Hai-0JM30 1O cpenHara TOYka Ha HEWHOTO
XOPHU30HTAIHO ¥ BEPTHUKAIHO PETYIHpaHe.

Pazmmpenara HeompeneneHOCT Ha M3MEPBAHETO, 3aeIHO ChC
CBOTBETHUS KOe(QUIMEHT Ha TMOKPUTHE Ce€ TOocoYyBa 3a
€IHOCTpaHEeH NOBEpHTEIeH MHTEepBal OT 95% ¥ ce M3uucisIBa
cobriacHo Anekc C ot BJZIC EN ISO 9612.

W3mepBanusaTa ca HampaBeHH C KaJMOpPHpaHW TEXHHYECKH
cpencTBa, choTBeTCTBAM Ha u3ucksanusTa Ha IEC 804 u IEC
651:
¢ 3ByKkoB kaimbparop, ,,CEL 120/1”, Wx. Ne 3941747, CASELLA

AnTIIs
o Unrerpupain nurymomep, CEL 430/2, . Ne 087889, CASELLA
AHrms

OT HanpaBeHUTE W3MEPBaHHUA HAa EKBMBAJCHTHOTO HUBO Ha

LIyM CE W3YMCIIIBA JHEBHOTO HMBO HA EKCHO3MLMA Ha LIyM IO

¢dopmyna [1]:
L =L + 101 ( e)
EX.2h Aeqg.Te & T

kpaero: Te — ekcrio3uuusita Ha 1iyM, h; To — npoxbipkuTen-
HocTTa Ha paboThHHA AeH (8h); Laeq e — M3MEPEHOTO €KBHBa-
JICHTHO HHUBO Ha 1ryM, dB(A);

Pesynratute OT HanmpaBeHWTE M3MEPBAHHS M H3YUCICHUS Ha
JHEBHOTO HHBO HA EKCIO3WLMA Ha LIyM HAa M3CJIEJBAHUTE
paboTHH MecTa ca MpeAcTaBeHu Ha Ta0uL. 1.
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Taobn. 1. Jlannu om usmepeanuama Ha wiym

5y | f c | Bq | Eg
% =4 g g 8 g ¥ =8 c%%
& = o g'c_ o = =5
s 2< -2 g5 | s 2 g
= oM g 1 = 3 % é E
QLT = =g S =
m S =] o o 3 bl [selbles]
MsicTo Ha w3MepBaHe (TIOMEIICHIE) < &= =2 g s ey 2 S
M3tounnmym Ha mym ponpuHa-| g x 3 ) A & s 3 5 3
pasMep Ha rpyrara, JUIbKHOCTH, 2 = g2 |8« | 8¢ g8
No CSIILIM 32 UIyMOBaTa SRR 28 = =0 ) Y
omnucaHue Ha pabOTHUTE 3a/1a4H U 35 =0 q s 5o g2 g2
N EKCIIO3MIMA 32 BCAKA 3a7a4a | £ £ &I 8 g c E S
AeiHOCTH EER 85 = | % 5z 8z
o = S
S5 gz |5E |3 |dE|f:
=% | 52 |58 |2 E8 | §8
2.2 =5 | 25 | E gE | gE
28 5 = 3 |8 §8 | &8
= = jan = =
1. |Omeparop c1pyr
1.1 |HacTpoiika/moarotoBka Ha MalliHaTa o0opyzaBaHe B 1iexa 1,0h 65,1
N ctpyr Durmazlar
1.2 |ObpaboTka Ha METAIHH JACTailIM SB 3013NT 6,5h 87,6 86,7 3,0 80 85
1.3 |®usnosornyHa noYmuBKa - 0,5h 52,1
2. |Omneparop dpesa
2.1 |Hactpoiika/moArotoBKa Ha MaliMHaTa 0bopy/BaHe B 11exa 1,0h 65,4
2.2 |®pe3oBaHe HAa METAIIHU JICTAIIN ¢dpesa - FU 321 6,5h 86,5 85,6 3,0 80 85
2.3 |®u3noI0OruYHa TIOYMUBKA - 0,5h 52,1

OueHsiBaHe HA PpUCKa Ha paﬁOTHl/ITe MecTa

Cren omperiensiHe Ha €IEMEHTUTE Ha pUCKA U CTEIEHTa My, TaHHUTE 3a U3CJICBAHUTE MECTa Cca MoKa3aHu B TabJI. 2

Tabn. 2. Pesynmamu om oyeHs8anemo Ha puckd

OueHsiBaHe HA PUCKA Crenen na pucka
PagoTHO MsicTO PYU=BxExT
B E T PY
Omneparop cIpyr 3 6 3 54 11
Omneparop dpesa 3 6 3 54 I

Jlnama3zoHbsT Ha PUCKOBH 4HCiIa € B mHTepBama 20 < P < 70,
KOETO ChOTBETCTBA HAa PHCK OT BTOPA CTEMEH. PUCKBT € OIyCTHM,
OBJIA/ISIH HA NPUEMIIMBO HHMBO, HO OM MOTBJ Ja C€ YBEIU4YH. BbB
BCHUKH CJIy4ad ¢ He0OX0AUM KOHTPOJI 32 3ara3BaHe Ha HUBOTO Ha
CHIECTBYBAIIUTE PUCKOBE B TE3M IPAaHUIUM U  BB3MOXKHO
HamansiBaHe. KbM MOMEHTa ca MPEeINpUeTH CICIHUTE MEPKH:

1. PaGotomarensaT e ocurypui Ha Bcraku padorenm ¢ JITIC —
aHTU(OHM (BBTPEIIHH WIIM BBHIIHH), KOUTO Ca IPOU3BEICHH B
croTBercTBUE ¢ eBpornelickure ctanaapta (bBJIC EN 352-1 u BJIC
EN 352-2), cbc 3Bykomsonmpamia crocobuoct a0 25 dBA,
[PUTEKABAIIM CEPTU(DUKAT 32 CHOTBETCTBHE;

2. PabotemmTe ca 0OO0y4YeHH 3a TPABWIHO W3IOJ3BaHE Ha
OCUTypeHUTE aHTH()OHH;

3. OcwurypeHo e MeIMIMHCKO HalofeHWe Ha paboTemmre,
BKJIIOYBAIIO mperyieq npu crnenuamict YHD U ayqHoMETpHYHO
H3CJIe/IBaHE Ha CIIyXa;

4. PazpaboTeH € M BbBeleH (PM3HOJIOTHYEH PEeKUM Ha TPy U
noyuBka. Ma BB3MOXKHOCT W 3a JOMBJIHHTEIHH, CIOHTAHHH
MOYHBKH;

5. Cb3aaneHa ¢ Bb3MOXKHOCT 3a MPEMECTBaHEe Ha pabOTeI s
Ha IPYro paboTHO MSICTO MO MEAMIMHCKH TTOKA3aHMs;

3. 3aknrouenue

3a 3ama3BaHe Ha HUBOTO HA CHIUECTBYBAIUUTE PHUCKOBE B TE3H
IPaHHIM U BB3MOKHO MM HaMalsiBaHe, MOTraT Aa ce B3emar
CIICAHHUTE MOCTOSIHHU MEPKU:

1. Jla ce mnpoBexxna oOyueHue Ha pabOTElIUTE OTHOCHO
MPaBIJIHOTO MOAIBPIKAHE U ChXPAaHEHHE Ha aHTH(QOHHTE, ChIIIACHO
M3UCKBAHHUATA.

2.]la ce IpOBEKIAT MEPUOTUIHH MPOBEPKH Ha CHCTOSHUETO HA
JIrcC

3Jla ce wu3uckBa OT pabOTElIMTE I[OCTOSIHHO HOCEHEe Ha
aHTU(OHKTE, KAKTO ¥ TOBA J]a C€ KOHTPOJIHPA.

4. TlonapbKKa U PEMOHT Ha MAIIMHHUTE, C IeJ NpodIIaKkTHKa
Ha IIymMa ¥ BUOpanuure.
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4. H3nonzeana numepamypa

. Introduction to noise at work, Facts 56 / BG 2005, European

Agency for Safety and Health at Work, ISSN 1681-2123,
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. Ordinance Ne 6 / 15.08.2005 for the minimum requirements for

ensuring the health and safety of workers at risks related to
noise exposure

. Ordinance Ne 7 on the minimum requirements for healthy and

safe working conditions at workplaces and when using work
equipment, SG 88/1999r.

. CaBoga, b., E. Esrennes, Ouenka Ha poQecHOHAIHUS PUCK -

yacT epBa, UK IHAHC, 2008
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yacT BTopa, UK IITAHC, 2008
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9612:2009).



INDUSTRY 4.0 2021, WINTER SESSION

Energy assessment of a grid connected photovoltaic thermal (pv/t) liquid cooling system

M.Sc. Albert Shira”, Phd. Edmond Zeneli, Prof.Asc. Flamur Bidaj, Phd. Artan Hoxha
Faculty of Mechanical Engineering — Polytechnic University of Tirana, Albania
ashira@fim.edu.al”

Abstract: Solar energy has a great potential in Albania. The use of hybrid photovoltaic - thermal (PV/T) systems has shown an
impressive progress in recent years. PV/T system can produce electricity and thermal energy simultaneously. In this paper, a 200 W PV/T
system is introduced using water as cooling fluid, in order to regulate the temperature increase of the photovoltaic panels. The heat is
collected via working fluid in a water tank. This study analyses the energy generation of this experimental setup, and aims to provide some
accurate information in future developments and implementation of this technology in Albania. Coupling of PV/T system with heat pumps in
buildings to meet the energy requirements could be of great interest for Albania's energy consumers

Keywords: ENERGY, PHOTOVOLTAIC, THERMAL, EXPERIMENTAL, ON-GRID

1. Introduction 2. Solar energy situation in Albania

Solar energy potential in Albania is of great interest, due to its Albania’s energy sector is highly dependent on hydro resources.
favorable geographic position in the Mediterranean. The new Approximately 99.6 % of the electricity generation is based on
energy crisis the world is facing only confirms the need to exploit hydropower. However, this is only one side of the situation. On the
the renewable sources and developing new technologies to resolve average Albania imports annually about 30 % of the total electricity
the problems with heat and electricity supply. Albania is affected by consumption to meet the country’s demand. The diversification of
the energy crisis resulting generally in higher fuel and energy the country’s electricity sector is critical, as the current system is
prices. On the other hand this is reflected considerably in the almost entirely hydro-based and thus susceptible to climatic
economic burden of a typical Albanian household. Thus, variations [7]. The National Energy Strategy stresses on
exploitation of solar energy is being seen as a very promising diversification of energy sources with the main focus to increase the
opportunity for the Albanian consumers. Photovoltaic panels have share of renewable energy, such as wind and especially solar power.
shown to be a promising method for the conversion of solar energy Figure 1 shows the total installed photovoltaic capacity in Albania.
into electricity and heat in a sustainable way [2]. Decrease of From the graph we can figure out the prompt increase of the solar
photovoltaic panel prices in the last decade has helped in promotion power installation in the last two years. This is a promising step to
of this energy sector. Globally the PV market growth rate is continue this trend in the near future in order to meet the goals set in
estimated around 35-40 % per year [3]. This trend of PV market is the National Energy Strategy. These goals are further supported by
being observed in Albania as well. Photovoltaic thermal system the Government introduction of the solar Feed-in-Tariffs promote
(PVIT) can produce heat and electricity simultaneously. The heat scheme. According to Ministry of Infrastructure and Energy 88
can be collected from a cooling fluid to a water tank for further use applications for the construction of the solar PV plants up to 2 MW
to produce hot water, space heating and cooling. Electricity could have been accepted. From those 12 PV plants have been already
be stored or distributed to a grid connected system. Diversification authorized for construction.

of energy sources is a priority of the Albanian National Energy
Strategy. Therefore, it requires full efforts of all the interest groups
to embrace this approach. This is greatly enforced due to an
increase of heat demand in the residential sector. The application of
such systems will reduce the country’s dependence on hydro
resources, firewood, gas and electricity. In addition, PV/T systems < H
result highly useful in terms of:

= the total efficiency per unit area of a PV/T panel is higher
than the sum of the efficiencies of individually PV panels
and thermal collectors [4].

Inztalled Capacity [WW)

=  the energy payback of a PV/T system would be 2 years,
whereas under equal climate conditions it would be 3.4 8
for PV system and 4.3 for a thermal collector.

However, a disadvantage of PV/T systems is the influence of PV
cell temperature on electrical efficiency [5]. The decrease of the PV
temperature shows an increase of the efficiency [6], resulting in 4
necessity to cool down the PV panel. In this experimental study
carry out in Tirana, water is used as working fluid to cool down the
PV panel. The thermal energy extracted from the photovoltaic panel
is collected into a water tank. The thermal efficiency of the PV/T
panel is expressed as the ratio of thermal energy extracted by the
flowing water with total energy reaching the module. In this paper
we are focused on the energy production from a 200 W PV/T panel
grid Qonnec_ted. The PV’_T modu_le 1S (.:OO!Ed down_usmg water as Fig.1 Photovoltaic installed capacity in Albania through the years
working fluid. The experimental investigation takes into account the 18]
relevant factors of Albanian climate conditions. A special focus is
paid to analyze the weather data collected throughout a year, such  Albania has outstanding solar irradiation within most of its territory
as air temperature and solar irradiation. at more than 1 500 kwWh/m? annually, particularly in the western
part of the country. The country has some of Europe’s highest
number of sunshine hours per year, presenting significant potential
for development of solar PV for power generation and solar thermal
for heating purposes. On average, the country has 220 sunshine
days, or about 2 700 hours of sunshine per year.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Dutres  Teana

R

Fig. 2 Photovoltaic power potential in Albania

According to IRENA studies on the cost-competitive renewable
energy potential in South East Europe, Albania’s technical potential
for the deployment of solar PV is estimated at 2 378 MW, with
production of 3 706 GWh annually [9]. Based on a very optimistic
energy scenario half of the above capacity is proposed to be
installed by 2030.

3. Case study of a PV/T system

A 200 W photovoltaic/thermal panel has been investigated in this
study. The device is installed at the terrace of Polytechnic
University of Tirana [10]. In Figure 3 is given a clear view of the

panel installation and temperature sensor positioning.

/)

"bu‘-.

F|gS PVIT panel
installation

demonstration with temperature sensor

The temperature measurement and monitoring is critical for the
PVIT panel since it has a high influence on panel total efficiency.
The panel temperatures were measured at four points using
temperature sensors connected as presented in the Figure 4.
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Fig.4 View of the PV/T panel process installation devices

4. Solar irradiation data

The energy production of PV/T system basically depends on the
intensity of the solar irradiation. In this study annually climatic data
were collected using the meteorological station at Agriculture
University of Tirana. The station offers a wide range of weather
data. However, the main focus was air temperature data and solar
irradiation. In Figure 5 and Figure 6 are shown the air temperature
distribution and solar insolation during the year.

Minimal and maximal air temperature January-December

1/4/2018 1:00
1/7/2018 4:00
1/10/2018 7:00
1/13/2018 10:00
1/16/2018 13:00
1/19/2018 16:00
1/22/2018 19:00
1/25/2018 22:00
1/29/2018 1:00
2/1/2018 4:00
2/4/2018 7:00
2/7/201810:00
2/10/2018 13:00
2/13/2018 16:00
2/16/2018 19:00
2/18/2018 22:00
2/23/20181:00
2/26/2018 4:00
3/1/2018 7:00
3/4/201810:00
3/7/201813:00
3/10/2018 16:00
3/13/2018 19:00
3/16/2018 22:00
3/20/20181:00
3/23/2018 4:00
3/26/2018 8:00
3/29/201811:00

—— HC Air temperature [°C] min —— HC Air temperature [°C] max

Fig.5 Ambient temperature variation throughout the year

Solar irradiation W/m2

g

g

w
3

3/12/2018 2:00 $=
/19/2018 21:00 Jo=

201817:00 £

LU

2018 12:00 =

Date =

1/8/2018 18:00
201821:00
201816:00
201811:00
2018 6:00
9/20181:00
2018 20:00
20181500
201810:00
/2018 3:00
201822:00 £
201813:00 =

6/29/2018 5:00 P
7/7/20180:00
17/14/201819:00
9/7/2018 8:00
1/16/2018 8:00
1/24/2018 3:00
2/1/201822:00
12/9/201817:00
12/17/201812:00

RE

/22,

/16/201813:00
2/8/2018 22:00
/24/2018 12:00
4/20/2018 2:00
/22/2018 14:00
7/30/2018 9:00
}/14/2018 23:00
1/22/2018 18:00

2:5/5
ga/ls
572
675

6/21
12/25/2018 7:00

#/36/201813:00

S 8/7/2018 4:00 §
o

52/16/201817:00 §=
T 3/4/2018 7:00
£/27/201817:00
&7 47412018 12:00 $5
04/12/20187:00

2

3 2/1/20183:00

1/24/2018 8:00
£,
I3

kL
g
27,
S
g
s,
ig
/30
30/8,
a1/8,
2

o
2
&

Fig.6 Experimental and simulated solar irradiation data

4. Results and Discussions

The 200 W PV/T system is a grid connected panel via a micro
inverter. The inverter converts DC power from the solar cell into
AC. The output of the PV/T system depends significantly upon air
temperature, solar irradiation and wind speed. However, the solar
irradiation has the highest influence on the performance of the PV/T
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system. Solar irradiation has a significant impact on electrical
output. The detailed simulations were run primarily for summer
season from June up to September. This period of the year was
selected as the solar irradiation increases during this time of the
year. The electrical power output of the system for the considered
period of the year is presented in Figure 7. The output variation

pursues the solar radiation fluctuations.
AC Power [W]— ( PVT 200W)

il

Fugia AC [W]
Fig.7 AC Power output from PV/T panel during June- September
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Fig.8 Energy production of the PV/T panel during June-September
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Fig.9 Power and energy production during the period of experiment

Total energy generation from the PV/T system is illustrated in
Figure 8 and Figure 9. In Figure 9 the energy production is shown
with blue color whereas power is presented in red color. Thermal
energy production for the observed equals to 665 kwWh. On the other
hand the electrical energy production of the system accounts to 237
kwh for the time period. Overall electrical energy production is
summarized in Figure 9. The results extracted from the
experimental investigation in the selected time period show the
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importance of hybrid PV/T system use especially in climatic
conditions comparable with Albania. Simultaneous production of
thermal and electrical energy for a typical consumer could increase
its energy consumption and further reduce the dependence on other
energy sources.

Total cumulative electricity TOT[kWh]
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Fig.10 Cumulative electricity generation

4. Conclusions

Albania has an outstanding solar energy potential. The country
enjoys 220 days of sunshine annually with approximately 2700
hours per year. Photovoltaic plant investments have been increased
considerably in the last two years. This is supported by the FiT
schemes applied recently by the government. However, the capacity
installation remains below the technical potential. A photovoltaic
thermal panel was analyzed in this study. Water flows in the panel
in order to decrease the temperature which has an influence on
energy efficiency. Climatic data have been collected experimentally
at the meteorological station placed in Tirana. Energy production of
the PV/T system was investigated for the time period June-
September of the year. From the analysis results the annual thermal
energy production of the PV/T it was found to be 665 kWh. The
electricity generation by the PV/T system results about 237 kWh.
Thermal energy and electricity production rate will show the way to
further discussion on coupling PV/T system with heat pumps in
building. The use of PV/T systems in buildings in integration with
heat pumps will be the focus of another study in the near future.
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Arduino 6a3upan HHKyOaTOP 32 ITHYM AlNA

I'eopru (DI/IJII/IHOB*, JInnstaa Koirea
XUMHUKOTEXHOJIOTHYEH U Metanypruden yausepcuter — rp. Codus, ]31)J1rap1/1511
mr.georgifilipov@gmail.com

Abstract: B masu paboma e pasenedan Arduino éasupan unkybamop 3a unkybayusi Ha nmuyy atya. Pazeiedanu ca KOMRnOHeHmume Ha
AGMOMAMUUPAHAMA CUCMEMA 34 YNPaGieHue HA UHKYOAmopa, eleMeHmume Ha UHKY6amopa, MAXHAmA CEbP3AHOCH, Hpoyeca Hd

U3ZPANCOAHEMO MY U PHKOBOOCHEO 34 eKCHAOAMAYUSL.
Keywords: Arduino, unkybamop, unkybayus na nmuyu siya

1. Bveeoenue

Jlonene na nuiema — UMa [iBa Ha4MHA [a CE MOCTUTHE TOBA B
JOMAILHK YCIIOBHs. [IbPBIAT € 1a Ce M3M0I3BaT NTHIH-MbTAuKH, a
BTOpPWAT € Ja Cce pasnojiara ¢ HMHKyOarop. U3mossBaHeTo Ha
MHKy0aTop 32 pa3MHOKaBaHe Ha JOMAIIHH [THIH, [I03BOJISIBA [ CC
MPOM3BE/IAT JOMAIIHH IITHIH B [I0-TOJIEMH KojmdecTsa [1].

CbBpeMEHHHTE NPOMHIIICHH HHKY0AaTOpH, Ca CIOXKHY anapaTu
C Npeuu3eH KOHIPOJ M MOAJPHKKA HA OCHOBHHTE IapaMeTpH 3a
HHKyOanus — Temreparypa u BiaxHocT. Te3u anaparu ca cHabeH!
ChC CHCTEMHM 3a BEHTWIALMA W OOpbljaHe Ha sHIara Ipe3
ONpEeZeNieH TepUOA OT BpeMe, CTapaciku ce Ja OCHIypsT
MaKCHMaJIHO OJM3KM YCIIOBUSI IO €CTEeCTBeHAaTa HHKyOalms 3a
roasiMO KOJNMYeCTBO siina. [lpu pomaiiHuTe HHKYyOatopu, OT
CBIECTBEHA BAXHOCT Ca ChHILIO MOAIBPKAHETO HAa OCHOBHUTE
napameTpu — TeMmIieparypa M BIKHOCT, KakTO M 3aBBPTAHETO Ha
silaTa Tpe3 ONIpeleNeH MEepHOA OT BpeMme. 3aBbpPTaHeTo € OT
3HAYMTENHAa BAKHOCT 3a INpaBWJIHATA OpUEHTAalMs Ha eMOpHOHa,
NPEOTBPATABAaHETO Ha M3ChXBaHE HA eMOpHOHA, KakTo |
PaBHOMEPHOTO 3aTOIUIIHE Ha AiueTo. [Ipu ecTecTBEHOTO JIOTEHe,
NTULIATa CTaBa M pa3pass siflaTa Taka, 4e JAa MOXeE J1a C€ 3aTOILIAT
PaBHOMEpHO.

llenra Ha HacTosmaTa CTATHS € Ja NPEACTaBM HampaBaTa Ha
aBTOMATH3MpaH amapar 3a MHKyOaIus Ha HEroysiM Opoit sifma, B
JIOMAIITHU YCJIOBHSI, KOWTO a € (PMHAHCOBO M3TOAEH H J1a CBEIE 0
MHHAMYM Yy9acTHETO Ha 4YOBEIMIKKM (akTop B Tporeca Ha
HHKyOanus.

2. Hukybayus na nmuuu aiya

PeXXuMbT Ha JIFONICHE MPEACTaBISIBA KOMIUIEKC OT YCJIOBHS B
HHKybaropa, KOWTO Ch3IaBaT MOIXOMSIIA Cpeaa 3a JIOIEHETO Ha
sitnata. Cpezara 3a JirornieHe TpsOBa Jla HAmoao00siBa, a B HOBUTE
WHKyOartopu - na Oboe W 1O-7100pa OT Ta3W, KOSTO Ch3laBar
MBTAQuKUTE, C KOETO C€ TapaHTHpa BHCOKA JIIONMMOCT Ha
oIuIo/leHUTe sina. PexuMbT Ha JIONEHE 3aBUCH OT YMEJIOTO
ChUETaBaHE Ha HIKOJIKO (hakTopa - TeMIlepaTypa, OTHOCHTEIHA
BII@XKHOCT Ha BB3[yXa, BE3AYX000MeH (BEHTIIIAIMs), OOpbIIaHe Ha
silara U Ipyrd, Mo-ciadu KOCBEHH BIMSHHSA. B JHENIHO Bpeme
MOYTH BCHYKA HOBH THIIOBE HHKYOAaTOpH C€ KOHTPOJHPAT C
CJICKTPOHHM YCTpPOWCTBa, CHabAeHH ¢ [UPPOB AWCIUIEH U
KOHTpoJIeH maHen. HskoW OT TsIX, OCBEH TeMIeparypara |
BIKHOCTTA, OTYMTAT 4Yaca M JEeHd OT 3ajaraHeTo Ha siara 3a
JIIOTICHE, KOETO yJeCHSIBa WHKyOaTOpUCTHUTE 3a BpEeMETo 3a
NMpoBeXKIaHe Ha omnepanuute. KOHIPOIBT ¢ MOMOINTa Ha
H3MEpBATENIHUTE YPElU Ce chuyeTaBa C OWMOJOTHYHHS KOHTPOJL, C
KOWTO ce mpociemsiBa XOABT Ha Pa3BUTHETO HA EMOpHOHUTE.
BronormiHUAT KOHTPOJ AaBa MHPOPMALHS, KAKTO 32 ChCTOSHHUETO
Ha MHKPOKJIMMara B HHKybaTropure, Taka M 3a HIKOM KavecTBa,
XapaKkTepU3UpAIlH [TBIHOLIEHHOCTTA Ha siiilaTa 3a jioneHe [2].

Emanu na unkybayusa
EranuTe Ha HHKYOAIus ce JeAT Ha HAKOJIKO:

* [ 0o 8 Oen, & kotimo 3anousa npoyecom - Dopmupa ce
CBPLETO M KPbBOHOCHHUTE CHIOBE Ha 3apoauia. IIpe3 ToBa Bpeme
stifiata TpsibBa fja ce 00phIIaT MUHUMYM Ha Bcekd 2 - 3 yaca, KaTo
TeMIieparypara B WHKyOatopa TpsibBa ma e 37.8 °C - 37.9 °C, a
BII&)KHOCTTA Ha Bb3/lyXa € B HHTepBana: 55% - 56%.

318

* 8 00 14 Oen - OcHogen eman — ToBa e BpeMeTo, B KOETO ce
dopMupar CkeneTbT M MYCKyJMTe Ha nmierara. Sifnara ce
oOpbLIaT Tpe3 OKoJIo 2 yaca, Karo € jo0pe aa ce OCHIYpH H
IpOBETPsABaHE /Ba bTH B JCHOHOIIMETO. TemMueparypara B ypena
TpsiOBa na ce mogabpka 37.3 °C. Ako mpe3 ToBa BpeMe siinara ce
IOTJIE/IHAT Ha OBOCKON WJIM CHJIHA CBETJIMHA, BBIPEIIHOCTTA Ha
omofeHuTe W no0pe pa3BuBalMTe ce sila TpsabBa ga e
MOThMHSUIA.

e 1500 18 0en e 3axmouumenen eman — To3u eTan MOXe J1a ce
paszenu Ha aBe dasu:

Das3a I: Temneparypara ce moaabp>ka OTHOBO B 'PaHUIIMTE HA
37.3 °C +0.1 °C. B toBa Bpeme ce 0opMsIT BHTPEIIHUTE OPTaHU U
ThKaHU Ha muiierara. [IpoBeTpsiBaHETO € ABa IBTU B ICHOHOLIMETO
C TPOIBIDKUTENHOCT OT 15 MuH. 3aBbpTaHeTO Ha sifata ce
yBenuuaBa 70 6 MbTH, a BIQKHOCTTA Ha Bb3/lyXa TpAOBa J1a KIOHU
KbM 55%.

@Da3za 2: Bropara (a3a OT 3aKIIOYHTEIHHUS €Tal IM03BOJISIBA
HamasiBaHeTo Ha TorumHata a0 37 °C. OOukHOBeHO Tasu (hasza
HacThIBa KbM 18 nmeH ot mHKyOamusaTa. B kpas Ha mepuoma Moxe
Ja ce ycern (opMHpaHETO Ha NTHYKHTE IPU pasKialjaHe Ha
sTIfaTa, KakTo U Jja ce 3a0eIeKH MOTyKBaHe B THX.

e 18 0o 20 - 21 Oen - usmonsane - To3W eTam 3amodsa c
mosiBata Ha MHyKHaTMHM B depynkara. Koraro NyKHaTHHHTE ce
MOSIBSIT HE € HYXXHO OOpbILaHe Ha siiiliata, HO MPOBETPSIBAHETO Ha
nHKybaropa ce yBenM4aBa 10 4 IBTH B JICHOHOINMETO, a
BJIQKHOCTTA Ha BB3/yXa Ce MoAbpiKa B HHTepBajia oT 65% no 70%.
W3monar 1u ce mppBUTE SN, CHIBT C BOJATa, C KOHTO € CHaOaeH
HHKY0aTOpBT, TpIOBa J1a ce MaxHe OT anapara [2].

Yempoiicmeo na unkyoamopa
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@ue. 1 Ipunyunua cxema Ha unkybamop [3].

Ha ®ur. 1 e u3o6pasena npuHIUIHA cxeMa Ha HHKybarop. Ha
Hest ¢ (1) e 03HaYCHO YYBCTBHTEIHUTE €JIEMEHTH 332 M3MEpBaHe Ha
Temreparypa U BiaxHocT. C (2) e o3HaueH TepMoOperyiaropa,
KOWTO MOke Ja € KOMOMHMpaH ¢  BJIaro-perysarop.
Tepmoperynatopa € HacTpoeH Ja cpaboTBa B OmIpeleNeH
XUCTEPE3UC, KaTo BKIIIOYBA M W3KIIOYBA peJiera, YIpaBIIsiBallH
HarpeBatenHu Jamnu. (3) ca HarpeBatenHu Jamnd.  (4)
MPEeICTaBIsIBA BEHTHIATOD, (5) € paMo Ha OOpBIIAIIMSI MEXaHH3bM,
Ype3 KOMTO phUHO MM aBTOMATU3UPAHO, C€ 3aBIKBa OOPbIIAIIMS
MeXaHu3bM. (6) € TaBuuyKaTa 3a SiIa, BbPXY KOSITO ce MOAPEKAAT
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siirarta.  (7) mpencraBiaiBa oOma peiikata Ha  0OpBINAIIMST
MexaHu3bM. (8) € TaBMYKa C BOJAA, KOATO TPUHAMICKH KbM
OBIIOKHMTE/IHATA CHUCTEeMa Ha WHKy0aTopa. BeHTWIAIIMOHHUTE
otBopH, otOemsizanu ¢ (9) m (10) ca orBOopum B HHKyOaropa,
HalpaBeHH C IIeJ1 €CTECTBEHA BEHTHJIALMS U HABJIM3aHETO HA CBEX
BB31yX [3].

3. Enemenmu u uzzpacoamne na unKybamopa

3a M3rpakAaHeTO HAa CHCTEMaTa ¢ HM3IOJI3BaHa NPUHIUITHATA
cxeMa 3a Harpasa Ha nHKyOarop (Pwur. 1), kaTo 3a peanu3upaHeTo
Ha arapara, ca U30paHH CJIe/IHUTEe KOMIIOHEHTH !

Arduino  UNO
unky6aropa [4, 5];

* Uyscturenen enemeHT BME280 - mpeumseH ceHzop 3a
H3MepBaHe Ha TeMIEepaTypa, BIAXHOCT U HAJIATaHe;

* Peneen Monyi ¢ iBe penera;

e Ocserurennu tena — 4 Op. kpymku P21W, kourto ca ¢
onepaTtuBHO HampexeHue 12 V u moumoct 21 W;

» Bentmnatop - 12 V/0.15 A, ¢ pazmepu: 80 mm x 80 mm x 25
MM. Toil ciyku 3a pa3MecTBaHE M YEIHAKBSIBAHE HA Pa3iIM4HHUTE
cloeBe BB3IYyX B HHKYOaTopa, IOJIy4eHH B CJIEICTBHE HA
HarpsiBaHETO C HarpeBaTeIHUTE JaMIIH;

* 4x20 LCD [ducmneii ¢ 12C npaiisp;

* Real Time Clock momyn DS3231 - ormepBane Ha BpemeBUTe
HHTEPBAIM MKy OTACIHUTE a3y Ha HHKYOUPaHETO;

* Jlpaiisep 3a DC motopu L298N.

yIpaBisiBa TEPMOpETyJaluATa Ha

@Due. 2 Konmponen namen na unkybamopa.

Kontposuns manen Ha anapara (®wr. 2), ce cseton ot (1) LCD
JIICTIIEH TTOKa3Balll TEKYIIOTO CHCTOSHHE Ha CHCTeMaTa, OyTOHHM 3a
HacTpoiika ¥ 3amaBaHe Ha mapamerpu: (2) Byron MENU/SET; (3)
Bbyron UP; (4) Byrom DOWN, cBemMHHa CHTrHaIM3amus 3a
pasiMuHUTE CBCTOSsIHMA Ha cuctemara: (5) LED wunnuxarop 3a
HOPMaJTHO CBCTOSIHME Ha cHcTemara (3eixeH uBat); (6) LED
nHaukatop 3a pexuM ,BHUMAHUE® (xenr ussar);, (7) LED
nHIUKaTop 3a pexuM ,,AJIAPMA® (uepsen mmsr), USB moprt 3a
KOMYHHKAIUs C KOMIIIOTHp, O3HaueH Ha cxemara ¢ (8), KakTto u
OTBOp Ha MHE30-WU3JIbYBATEIHMS curHammzarop (9), 3a 3ByKoBa
CHTHaM3aIH.

@ue. 3 Kopnyc na unkybamopa.
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Ha ®wr. 3 e m300pa3eH KOpIychT Ha amapara, KOWTO e
m3paborer ot I1IY miockoctu ¢ pasmepu LI/JI/B — 450/380/405
MM., KaTo rabaputHute My pasmepu ca LLI/JI/B — 480/500/505 mm.
B npyru ciyuanm, KopmychT Moxe Ja Oble H3pabOTeH OT
TEPMOU30JALOHHN MaHENM, B 3aBHCUMOCT OT OJKEJAHHETO H
BB3MOKHOCTHTE Ha MOTpEOWTEINs], KaTo MOJOOHO H3IThIHEHHE On
OCKBIINIO amapara. Bparata Ha uHKyOaTopa € OOKaHTeHa C
amymunueB I1-o0paseH mpoduin ¥ MMIpErHUpaHa C EHOKCHIHA
CMOJIa, C IIeJ NO-IBJIBI eKCIUIOATAllMOHEH XXUBOT U 3alllUTa OT
Biara. Bparara e o6opynBaHa ¢ npo3opue 3a BU3yaleH KOHTPOJI Ha
nporeca Ha MHKyOarus. BeTpelmHocTTa Ha ypena € nMIIperHupana
C €MOKCHHA CMOJIa ¥ CWJIMKOHH C LIeJ IIPEIOTBPATABaHe Ha BIIara,
KosiTO OM yBpeauia KopIryca.

Que. 4 Bvmpewno ycmpoiicmeo — @ue. 5 Cevpssane Ha
Ha uHKybamopa. HagpeeamenHume — Kpywikiu — KbM
KOHmpoiepa.

Ha @ur. 4 e n3o0pa3ena BbTPEIIHOCTTA Ha anapara, KpAeTo ca
Pa3MOJI0XKEHH:

* 1 - Bertunatop 12V/0.15A 80x80x25 MM. 3a pa3mecTBaHe U
Ye/HaKBsIBaHE Ha PAa3JIMYHHUTE CJIOEBE BB3IyX B HHKyOaTOpa.

* 2 - Harpeatenuu kpymku P21W, KOUTO ca pa3moJioxKeHn Ha
okono 150 MM. OT MOBBPXHOCTTAa Ha simara, C HET TIXHOTO
ONTHMAIHO MOArpsiBaHe. HarpeBarenHHUTEe KPYLIKH ca CBBP3aHH
KBbM KOHTpOJIepa U peneiiHns 00K 1o cxemara nokasana Ha @wr. 5.

Ha Hest HarpeBaTenHUTE KPYIIKH ca CBHP3aHU MapaJieHO 2X2
KBbM KOHTpOJIEpa Ha J[Ba OTJEIHHU KPBra, C Ll MPeJoTBPATIBAHETO
Ha MOMEHTEH I1aj] Ha HaIpEeKEHHETO IPH KOMYTAaIlis Ha pernerara,
KOETO BOAM [0 HEXKEIaHO pPecTapTHpaHe Ha KoHTposepa. JlBara
Kpbra ce 3aXpaHBaT IOOTAEIHO OT JBa Pa3IUYHU HMILYJICHO-
3axpaHBaly 0JIOKa.

* 3 - 3xomsm BeHTHIAnMoHeH oTBOp P60 MM. ¢ BB3MOXKHOCT
3a peryJimpase Ha BB3yIIHHUAT HOTOK.

* 4 - YysctBureneH enemeHT BME 280 3a m3mepBaHe u
KOHTPOJI Ha TeMIIEpaTypaTa 1 BIaKHOCTTA B ypesia.

* 5 - OOpbIman MexaHn3bM 3a BBpPTEHE Ha siiiliaTa n300pa3eH Ha
®dur. 6, cimyxen] 3a paBHOMEPHOTO TIOATPSBAaHE Ha sHmara u
CBH3/IaBAHETO Ha ONTHMAIHU UHKYOAIIMOHHHU YCJIOBUSL.

Due. 6 Obpvwawy mexanuzsm 3a 6bpmeHe Ha sYama 6 UHKy6amopa.

OO6ppanmsaT Mexanu3bM (Dur. 6) e IPUroIeH U ONTUMU3UPAH
3a JIFOTICHETO0 Ha KOKOLIW sIHIA, KaTo C JIeKH MOJU(UKALUH, TOU
MOXe J1a c€ IPUTOAM U 3a APYT BHA NTHLH, KaTO HAIpUMeEp IyHKH,
MaTUI, TBANBABUM M 1p. TOH € KOHCTpyHUpaH OT BBbTpEIIHA
ZIbpBEHa paMKa (6) ¢ TIeT OTAEeNeHUs CHOUpAIM M0 YeTUPH KOKOLITH
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sTiITa, IPABOTOKOB €NEeKTpoABUraTen (4) ¢ penykims Ha 060poTHTe
OT Tpu o0oOpoTa B MHHYTa, paMO C WM3MECTeH LeHTBp (5) 3a
MPUIBMKBAHETO HA paMKara, KpaeH m3kmouBaren (3) 3a
YCTaHOBSIBaHE HA HavyalHa IMO3UIHKS Ha paMmkarta, KymiyHr RJ14 (1)
Ipe3 KOWTO, Ype3 NMPOBOJHHUIN CE OCHIIECTBSIBA KOMYHHKAIHATA C
KOHTpOJIEpa, KaTo CHINO MO3BOJSIBA OTKAYAHETO M IPEeMaxBaHETO Ha
YCTpPOHCTBOTO OT arapara, IIoCpeACTBOM CBbp3BaIaTa po3erka (2).

Ipu BKIIOYBaHETO HA amapara KbM eJEKTpHYecKaTa Mpexa u
HacTpoiiBaHe Ha MapamMeTpuTe, CJe]l CTApTHPaHE Ha Iporpamara,
oOpBUIAIIMAT MEXaHU3bM CE€ YCTaHOBSBA B HauajHAa MO3HUIMA,
MOCPEACTBOM KpalHUAT W3KiItouBaren (3), Karo ycTpoilcTBOTO e
HACTPOEHO J1a 00pbIa stiiaTa Ha 180° Ha BcekH eauH uac.

OTMepBaHeTO Ha BpEMEBHUTE MHTEPBAJIN ce U3BBpIIBa upe3 Real
Time Clock monyn DS3231. EnekTponBurarens Ha MeXaHH3Ma Cce
yhnpaBisiBa OT KOHTpoJiepa, MocpencTBoM Apaiiep 3a DC
enexrpomotopu L298N.

HpaiiBepbT € CBBpP3aH KbM KOHTpOJEpa IO CJIEAHATa CXeMa
n3zobpasena Ha dur. 7.

DC Motor 12V ‘“
@,

L298N Dual H-bridge motor driver board

KPAEH U3K/IIOYBATEN

External motor power supply
Upt0 12V DC
(+5V .. +12V DC)

Arduino Uno

@Due. 7 Cevpseane na DC momop kom
3a DC momopu L298N.

KOHmMpoiepa nogpeocmeom opaieep

]

Due. 8 Osnasicnsagauy MexaHuz M. @ue. 9 Cxema Ha cevp3sae Ha

06IAIICHABAUYU MEXAHU3bM
KbM KOHMpOiepa.

Ha ®ur. 8 ¢ wu300pa3eH OBIaXHABAIIMAT MEXaHW3BM Ha
nHKybOaTopa, KOWTO € KOHCTPYHpaH OT MeTallHa TaBhuuKa (3), KOsTo
MOKpPHUBA %> OT IBHOTO HAa MHKyOaTopa, OCUI'ypsIBalKH I10-TOJIIMA
IUION] 3a W3MapeHHe Ha Bojara. laBnykara € cHa0IeHa CBC
3axpaHBalml Mapkyd 3a Bojga (2), KOWTO e CBBp3aH CBC
COJICHOWITHUAT KJIANaH, OCUTYpsBall IOCTHIIBAHETO Ha BOJa B
TaBuukarta. HUBOTO Ha Bojara ce KOHIpOJHMpa upe3 HuBoMmep (6),
KOWTO € OT MOIUIABKOB THII, PabOoTell Ha MPUHIMIIA Ha PUA-aMITyJIa.
Bonara B TaBuuKara ce moarpsiBa upe3 HarpeparenHa jammna (1), ¢
nen Ja ce oOpasyBa BOJHA Iapa M IMOBMIIM BIKHOCTTA B ypena.
HarpeBarennara naMia ce KOHTPOJMPa OT KOHTPOJIEPA Upe3 pesieeH
OJIOK, Karo ce€ MOJIy4aBaT JaHHHM 32 HUBOTO Ha BIKHOCT OT
ceH3opa 3a Temmeparypa u BiaaxHocT BME280. Biaxnoctra ce
3aj1aBa NPEABAPUTEIHO, IIPH CTAPTUPAHE HA IIPOrpamMaTa, Karo Ts ce
HaMaJsiBa M yBENM4YaBa aBTOMAaTH4HO, CIPSIMO Pa3IMYHUTE €Talu
OT MHKYOAUMOHHMAT MKbBJ. [IbpBOHAYAIHO Ipe3 IbpBUTE 8 1HH,
T ce MHOoAIbpXa B XucTepesuc - 2% OT 3ajgajgeHara — J0
3aj1a/ieHara.

AKO BIIAXHOCTTa HE C€ TOAAbpXKAa B ONTHMAIHH TPAHUIM €
BB3MOXKHA TOSIBATA HA AHOMAINM IIPH U3JIONEHHUTE INUIETa WIH
3aruBaHe Ha eMOpHOHa 10 BpeMe Ha nHKyOauus. [ToBuiaBaHeTo Ha
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BII&XKHOCTTA KbM Kpasi Ha MHKYOAIlMOHHHUS IUKBI, C€ MPaBH C LEl
MO-JIECHOTO OCBOOOJKIaBaHE HA IMWIJICHIIETO OT dYepynkara. AKO
BB3IYXbT B HWHKyOaTopa KbM TO3M MOMEHT € MHOTO CyX, Ce€
MoJlydaBa 3aJlelBaHe Ha YepynKara Ha SHIETo KbM Iiepara Ha
NTHYETO ¥ TO OOMKHOBEHO 3arvBa Ipu 3aryba Ha CHEpPTHsl, B OMUT
3a ocBoOO’KIaBaHeTo OT Hesl. M3mapenara Bosa OT HarpeBareyHara
JlaMIIa B TaBUYKara, ce 001yxBa oT TypOnHeH BeHTminaTop (5), Kato
10 TO3W HAYWH C€ IOCTUra PaBHOMEPHOTO paslpereNieHHe Ha
BOJHUTE Tapu B ypena. OBIaXHABAIMAT MEXaHU3bM € CHaOJeH
CchC CBBp3Bam Imekep (4), KOHTO WMa 3a Ien Ja MO3BOJIK
OTJEISTHETO Ha YCTPOHCTBOTO OT arapara U HeroBoTO PEBM3HpPAHE.

Cxemara Ha CBBp3BaHE Ha OTACIHUTE KOMIIOHEHTH Ha
OBIIAXHSBAIIMST MEXaHH3bM KbM KOHTpOJIepa, ca M300pa3eHH Ha
Dur. 9.

@ue. 10 3aden nanen na unkybamopa.

Ha ®wur. 10 e u300pa3eH 3ajHUs MaHENI Ha amapara KbJeTo ce
HaMHpAT:

» Konreiinep 3a 3axpaHBaHEe Ha OBJAKHSABAIMSI MEXaHU3BM C
BOJa, o3HaueH ¢ (1);

* CouseHonzeH KiamaH (2), CIyXKell 3a ITyCKaHe/CIMpaHe Ha
MIPUTOKA Ha BOJa KbM TaBUIKATa HA OBIKHIBAIINS MEXaHU3bM;

* Nmmyncan npeobpazysatenu Ha Hanpexenue (3) ot 220 V
kM 12 V DC;

* 3axpanBain kabemn (4). Ctanmaprer kaden 3x1.5 kB. MM.

4. Pvko6oocmeo 3a excnioamayus

Ilpenn 3apexxmgaHeTo Ha  simara B HHKyOartopa e
MPENOPBHYUTENHO TOH 1a ObJie BKIIOYEH OT MpeaHaTa Bedep, 3a 1a
ce m3npoOBa HeroBara (YHKIHOHAIHOCT M Ja CE€ OTCTPAHST
eBeHTyalHH npoOsiemu. ChIIO € MPENopBHUMTENHO sifnara Ja
npectosT 24 yaca B HOMEIICHHETO, B KOETO € MHKybaropa, ¢ el
TAXHOTO KIMMaTH3MpaHe. B JieHs Ha 3apexaaHero, ypena ce
M3KITIOYBA U C€ JIe3MH(EKIHpa CTaPaTeNHO ChC CHHPT, Haii-Beue
MEXaHU3MBT 3a 00pBILAHE Ha fifla, KOHTO € B MPSIK KOHTAKT C TAX.

VCTpo#CTBOTO € NMPOSKTHPAHO Jia Ce 3aXpaHBa C HaNpeKEHHE
220 V — 50 Hz. Ilpu cBbp3BaHe Ha 3axpaHBalMs KaOeld KbM
eNIeKTpHYecKaTa Mpexa, JUCIUISAT Ha arapara CBETBa, KaTo ce 4yBa
U KpaTbK 3BYKOB CHTHAal OTYHMTALl CBBP3BAHETO HA ypema MOJ
HanpexeHue. [lokazaHusATa Ha JUCIUISS ca: TeKyIaTa TeMIepaTypa
U BIOXHOCT B ypeaa. KbM TO3M MOMEHT CHCTEMara € B PE&KUM Ha
M3YaKBaHEe Ha 33[aBaHe Ha MapaMeTpH.

3agaBaHEeTO Ha MapaMeTpy ce M3BBPIIBA, KAaTO CE 3aJbpXKU
oyrona “MENU/SET” (®ur. 2) 3a 0K0JIO TpH CEKYH[H, CJIe]] KOSTO
Ha nuctuies ce n3nucBa Haamuc “SET TEMPERATURE 35”.

MunumanHara Temmeparypa, KosiTo Moxe aa ce 3agane e 35 °C,
KaTo MpHU ONMT Ja Ce 3aJaje MO-HHCKa, Ha JUCIUIes Ce MOsBSIBA
Haanue “MIN” 1o 3agaBaHata CTOMHOCT. MakcuMaaHaTa
Temreparypa, kKosito Moxe na ce 3anaae e 40 °C. [lpu omur na ce
3ajajZie MO-BHCOKa, Ha OWCIUIes ce mosBgBa Hammuc “MAX” mo
3ajiajieHaTa CTOMHOCT.



INDUSTRY 4.0 2021, WINTER SESSION

Crnen xato cMe n30pai KelaHaTa TeMIleparypa 3a HHKyOarus
ype3 Oyronure “DOWN” wu “UP” ce Harucka OyToHa
“MENU/SET”, kato Ha pauciuies ce mnosssBa Haxmuc ,,SET“ u
3a/lafieHara TeMIIeparypa. Ha,Z[HI/IC'I)T InpeéMursa Tpu HObBTU U
cucTeMara npe€MuHaBa B PEXKHUM Ha OYaKBAHEC Ha CTOMHOCT 3a
MOJTbPYKAaHE Ha BJIAXKHOCT, KaTO HA JIMCIUIeS CE W3IMCBA HAJIIHC
“SET HUMIDITY 50”.

MuHNMaTHaTa CTOMHOCT Ha BJIAXKHOCTTA, KOSATO MOXKE Ja ce
3anane € 40%, a makcumannara € 80%.

Crnexn BBBEXKIAHETO Ha MapaMeTpUTe M CTAPTUPAHETO Ha
mporpamara, — HarpeBaTeJIHUTE  JIaMIId  C€  BKJIIOYBAaT |
TeMIieparypaTa ¥ BI@XHOCTTa 3aloyBaT Ja ce IOBHIIABAT [0
3ajaqeHuTe CToiHOCTH. [IppBOHAuamHO, clex CTapTHpaHe Ha
mporpamara, ako TaBUYKaTa C BOJAa € Mpa3Ha WM HMa
HE0OCTaThYHO BOJA, Ha JOucIUIes e ce mosBu Haamuc “WATER
LEVEL LOW” u xsbirtata ceemmHa ,, BHUMAHME® mie cBetn.

3a YIIECHEHUE Ha OII€paTopa, arapara II0Ka3Ba Ha4YaJOTO Ha
CTapTUPAHC Ha anapara u 0T6p0$[Ba JHUTEC U U3BMHUHATUTE 4aCOBC OT
3all04YBaHETO Ha PIHKy6aLIPI$ITa. TaKa, BBbB BCEKM €IHWH MOMCHT C€
3Hac, KbM KOU eran Ha PIHKy6aL[I/I$ITa € IOCTUIHATO.

Amnapara aBTOMATHYHO peryjiupa BJIKHOCTTA, KaTo Mpe3
mbppBara (asa OT MHKyOarmsATa (IO OCMHAT JEH) s MOAABpPXKA B
3aJaJieHUTe OT ollepaTopa rpaHuiy. Ha ocMUsT JieH, BIaXKHOCTTA Ce
MOHIXaBa OT mporpamara ¢ 5%, KaTo Ha OCEMHAIECeTUAT JeH, TSI
ce moBumasa ¢ 15%.

Temmeparypara cbBII0 ce€ peryimpa aBToMatuuHo. [Ipe3
mepBata ¢asa ce noaabpka B rpanuuy £0.25 °C ot 3aganeHara oT
omeparopa, KaTo clie[l TOBa, Ha OCMUSAT AeH ce noHmkasa ¢ 0.5 °C, a
Ha OceMHazieceTus - ce noHmxkana c ome 0.3 °C.

Peoicum ,, AJIAPMA*. Naxybaropa e 000pyABaH ChC 3BYKOBA U
CBETIIMHHA CUTHAIM3AIMS 3a OINOBECTABAHETO HA Oleparopa 3a
HEXXEJAH! TEMIIEPAaTyPHU CTOWHOCTH, KOUTO MOXE /1a CE€ JOCTHTHAT
B IpoIlec Ha HHKyOamus B CJEACTBHE HA HEHM3NPABHOCT Ha
CHCTeMaTa, U3rapsiHe Ha HarpeBaTeleH eIEeMEHT U .

Crien HACTHIIBAHETO HA HAYAJIOTO HA 3aKIIOYUTENHATa (aza OT
WHKYOalusITa, a IMCHHO Ha OCEMHAJIECETUS JIeH, YCTPOICTBOTO 3a
BBPTCHE Ha siI[aTa Ce MpeMaxBa OT MHKy0aropa, Karo ce MOCTaBst
crienuanHa pamka n3obpasena Ha @ur. 11, xoaTo e HampaBeHa OT
JUbPBEHH JICTBHYKH, a OT TOpHATa CTpaHa € IIOCTaBeHa Mperka 3a J1a
MOJKE€ Aa HE€ C€ BB3MNPCIITCTBA ABMIXCHUETO HAa BB3AYX W BOJIHU
Iapu B I/IHKy63.TOpa. HﬁHaTa C€ IIOCTABAT JICTHAJIM BbPXY paMKara,
KaTo Beue He € He0OXOIMMOTO TAXHOTO BhpTeHe. IIpe3 ToBa Bpeme
eMOpPHOHBT Bedue 3aloyBa Ja C€ OpHeHTHpa B IO3HMIMSA 3a
H3JIIOTIBAHE.

K ( |

@ue. 11 Ionacane na suiyama 6bpXy pamka, cied U3BAACOAHEMO UM OMm
MexXanusMa 3a 6bpmeHe.

KoM neBetHazeceTHaT I€H € Bb3MOXKHO TOsIBaTa HA MyKHATUHU
Mo siilaTa, Karo OT TO3M MOMEHT JI0 KbM JBaJIeCET U MBPBUS, a B
HSIKOH clly4ad ¥ 10 JIBalleCeT M BTOPHS JeH, SHIlaTa 3alo4Bar a ce
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monsT. M3moneHnTe MUiIeHIa ce OCTaBsT 3a HIKOJIKO aca (4 4. — 5
4.) B MHKyOaTropa, KaTro Ipe3 ToBa BpeMe, Te TpsiOBa ma ca ce
OpHEHTHPaIH B 00CTAHOBKATA U J1a Ca IOM3CHXHAIM, CIIEH KOETO
OuBar IIpEMECTBAHU.

[lpn cma3zBane Ha mpaBwiata 3a NMoAOOp Ha sSHmA M TAXHATA
HMHKyOanusi, cief NPUKIIOYBaHE Ha WHKYOAUMOHHMS NMEpHON, IIe
pasmoJarare cbC 31paBu M XU3HEHN Mayky rmiieHna (dur. 12).

@ue. 12 Hoeousmoneno, 6 npedcmasenus uHKyoamop,
e0HOOHEBHA 8b3PACH.

nunenye Ha

5. 3aknrouenue

Upe3 yHHBEPCAIHOCTTA, HUCKAaTa LIEHA U JIECHATA JIOCTBITHOCT
Ha 1atrdopma Arduino e peaqm3upaH aBTOMAaTH3WpaH HHKyOaTop
3a WHKyOamms Ha nThdu sima. [IpenuMmcTBara Ha W3rpageHaTa
CHUCTEeMa ca HeMHaTa KOMIIAKTHOCT U HaaCKIHOCT, KAKTO M HUCKATa
[IeHa Ha YacTH IIPH €BEHTyalHa rmoaMsHa. KoOHTpoIHUAT maHen Ha
CHCTeMaTa € HMHTYHTHBEH M JeceH 3a OopaBeHe. Cucrtemara e
KOHCTpYHpaHa Taka, ue Ja M3UCKBAa MUHHMalHa HaMeca OT CTpaHa
Ha omeparopa. CucTemMara He M3HCKBA CEpHO3HA MOAIPHKKA U HE
ce Hy)Xae OT CHEeHAITHA MaTephaiy 3a HEHHOTO (YHKIIMOHHUpPAHE.
Ts1 e M3KIIIOYUTENTHO OINpPOCTEHA 3a HACTPOMKa M eKCIUIoaTamus,
KOCTO BB3 OCHOBA HAa HUCKAaTa II€Ha HAa U3II0JI3BAHUTC KOMIIOHCHTH,
OM IIOBHUIIMIIO HHTEpECa Ha 0OMKHOBEHHS no*rpeﬁlxn‘en KbM HC,
CIIPSAMO JPYTH TOTOBH PELIECHUS HA I1a3apa.

bnazooapnocmu

ABTOpHTE M3Ka3BaT 0GJIArOJAPHOCT 3a (DMHAHCOBATA IOJKpeENa
Ha HallMOH&IHA mporpama ,.IHpOpMaIMOHHN ¥ KOMYHHKAI[HOHHH
TEXHOJIOTHM B Haykara, oOpaszoBaHuero M curypHoctra (KT B
HOC)“, ¢unancupana or MHHHCTEpCTBOTO Ha OOpa3OBaHUETO U
HayKaTa.

Jumepamypa:

1. JlroneHe Ha mustera B mHKyOartop. https://agrozona.bg/lyupene-
na-pileta-v-inkubator/

2. Pexum Ha morieHe Ha nitiyd stidna. https://bit. ly/Egg_hatching
3. ABTomMaruueckuil MHKyOarop U SIMI BHIBI, YCTPOHCTBO,
TEXHUYECKHE XapaKTePUCTUKHU :
https://ogorodbezh.ru/avtomaticheskij-inkubator-dlya-yaic-vidy-
ustrojstvo-texnicheskie-xarakteristiki.html

4. C. EnxkoB. IlIpoepamupane 6 cpeda Apoyumno, IIpaxmuuecko
PBKOBOOCMBO (YHuBepcureTcko W3z narenctso L[ lancuii
Xunenpapcku®, 2020)

5.  Bwenenue B Arduino. All.Electronics.
https://allelectronicsbg.com/
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https://ogorodbezh.ru/avtomaticheskij-inkubator-dlya-yaic-vidy-ustrojstvo-texnicheskie-xarakteristiki.html
https://allelectronicsbg.com/
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World technology market: features and current trends

Galyna Zhavoronkova, Vladimir Zhavoronkov, Natalia Kovalenko, Irina Panasiuk,
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Kyiv, Ukraine
zhavor@ukr.net

Annotation. The definition of the world technology market is given and its features are characterized. The structure of the world technology
market formed by institutional elements is considered. The following segments of the world technology market have been studied: the market
of patents and licenses, the market of scientific and technological products, the market of scientific and technological specialists, the market
of high-tech capital. According to Ukraine's ratings in the world technology market (2018-2019), the reasons for its lag in it are named. The

tendencies of the world market of technologies are substantiated.

KEYWORDS: HIGH TECHNOLOGIES, PATENTS, LICENSES, SCIENTIFIC AND TECHNOLOGICAL PRODUCTS, SCIENTIFIC
AND TECHNOLOGICAL SPECIALISTS, HIGH-TECH CAPITAL.

1. Introduction

In the modern post-industrial economy there is a new
paradigm of the world order, in which competition is based on
knowledge. The country's ability to create and implement its own
innovations and develop high technologies is becoming a key
resource for sustainable economic development, financial stability,
and competitiveness. This ability determines the place in the world
economic space [1].

The world economy demonstrates the focus of national
economic systems on the intensive development of high-tech
products. A qualitative change in the system of world economic
relations was the formation of the world technology market, which
today is global in nature.

The formation of the world technology market took place in
the second half of the twentieth century, when the volume of
international commercial transactions in technology exceeded the
scale of national exchange. This made it possible to distinguish
international technology exchange into a separate form of
international economic relations.

According to the IMF, the number of countries exchanging
technologies only during the 60's to 90's of the twentieth century.
Increased from 22 to 84 [2]. The volume of annual licensing
transactions has significantly expanded. Per unit cost, the currency
effect of the sale of technological resources on the world market is
much higher than the export of ordinary goods. Technological
exchange exceeds traditional international flows of goods, services
and capital.

The global technology market is a set of international market
relations of entities regarding the commercial use of property rights
to its objects (productive technologies, process technologies and
management).

The scientific and technical potential of countries, the state of
their participation in the international division of labor and
international technological exchange gives many advantages,
determines the modern picture of the world and its development.
This process most fully reflects the model of the world economy
"Center - Periphery", according to which the world economy
consists of two interconnected and interdependent parts - the center
and the periphery, the relationship between which is mainly
"dominance - dependence".

Center countries that are mainly members of the
Organization for Economic Cooperation and Development. The
periphery is structured and splits into separate "concentric circles"
equidistant from the center. Distance is determined by the level of
economic and social development on the principle: the farther from
the center, the worse. The locations of these countries are defined as
follows: East Asia, Eastern Europe, Russia, India, Latin America,
African countries and the Arab-Muslim world.

The objective prerequisites for global development and
acceleration of technology in modern conditions are:

- formation of information and technological structure of
social development;
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- increasing priority, compared to the triad of factors of
production (capital, labor, natural resources), and today the fourth
factor - innovative entrepreneurship, which is simply defined as
technological;

- increasing the requirements of the world community to
minimize technological and anthropological impact on the
environment.

2. Features and structure of the world technology
market

The structure of the world technology market is formed by
institutional elements that mediate the movement and interaction of
world technologies. The institutional elements of the global
technology market include:

- objects - products or processes - carriers of technology;

- subjects - legal or natural persons;

- commercial and non-commercial technology transfers. The
main forms of commercial technology transfer are: sale of patents;
sale of licenses; sale of know-how, leasing; copyright agreements;
franchising; provision of knowledge-intensive services. Non-
commercial forms of technology transfer include international
technological assistance - technological grants (free provision of
technology and equipment, consulting and training, etc.); co-
financing of projects (part of the costs is covered by the company or
the recipient country); use of technologies to obtain a social or
environmental effect;

- forms of transfer and legal protection of innovations and
technologies (patents, licenses, know-how, leasing, franchising,
copyright);

- channels of transfer and diffusion of innovations and
technologies (trade in innovative products, licensed trade, scientific-
technical and information cooperation, etc.).

The global technology market is heterogeneous in its
structure and includes four segments:

1. The market of patents and licenses. The most dynamic
segment of the technology market is the market of licenses and
patents with an annual growth of over 10%. The leading exporters
and importers of the license and patent market are industrialized
countries that register patent applications (Table 1).

2. The market of science and technology-intensive products
(Table 2). The international exchange of scientific and technical
knowledge has an objective character of development. The
exchange is an objective necessity, allowing to widely introduce
into production the latest achievements of world scientific and
technical thought. This leads to the growth of the exchange of
scientific and technical knowledge in various forms of interaction
and joint efforts of large companies to solve current problems of
science.

An important component of the global technology market is
the export of high-tech products.
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Table 1 Patent applications (2018-2019)

2018 2019
Place in Place in
Country Value the Value the

ranking ranking
Japan 496,46 1 490,35 1
Republic
Korea 444,63 3 461,15 2
Taiwan,
China 480,33 2 447,42 3
Switzerland 322,48 4 321,65 4
Sweden 271,58 7 256,32 6
Finland 285,97 6 255,31 7
USA 144,09 13 143,99 13
Singapore 121,25 14 118,66 15
Norway 115,24 16 113,69 17

Source: grouped by authors according to data [6].

Table 2 Scientific publications (2018-2019)

2018 2019
Country Place in Place in
Value the Value the
ranking ranking
USA 2002,3 1 2088 1
Great Britain 1235,7 2 1289 2
Germany 1083 3 1131 3
Japan 887,3 6 919,3 6
Switzerland 834 9 867,7 9
Sweden 749,3 98 779,3 11
Finland 545,7 19 571 19
Norway 502,7 20 532,3 20
Singapore 466,7 24 493,7 23

Source: grouped by authors according to data [6].

Leading positions in the export of high-tech products (Table
3) has Germany (10.8% of total world exports of high-tech goods),
followed by South Korea, China, the United States and Singapore
(they account for 45.05%). The total volume of exports of high-tech
goods in 2018 was estimated at about 2 trillion. dollars USA.
Exports of high-tech products from developing countries are
growing twice as fast as the corresponding exports from developed
countries. This indicates the strengthening of the global high-tech
market in Asian countries.

Table 3 World leaders in the volume of exports of high-tech
products as at 01.01.2019

Country Export volume, million
UsbD

Germany 209,610
South Korea 192,789
SAP Hong Kong, China 161,877
USA 156,365
Singapore 155,446
France 117,814
Japan 111,020
Malaysia 90,395
Netherlands 85,790
Great Britain 76533

Source: grouped by authors according to data [6].

3. The market of scientific and technological specialists. The
creation of a high-tech sector is facilitated by the presence of highly
qualified specialists and a large number of high-tech startups. An
important characteristic of the labor market is its diversity (Table
4), which means similarities and differences between workers in

terms of age, cultural background, physical abilities and disabilities,
race, religion, gender and sexual orientation.

Table 4 Diversity of the workforce (2018-2019)

2018 2019
Country Place in .
Value the Value Plsgsklirr\]the
ranking 9
Singapore 5,8 2 5.8 1
UAE 57 5 57 2
Australia 5,6 8 5,7 3
Canada 59 1 764 5
USA 58 3 55 7
Qatar 54 12 55 10
Romania 5 26 53 18
Sweden 54 13 5,2 20
Switzerland 55 11 5,2 21

~ Source: grouped by authors according to data [6].

4. High-tech capital market.

Industrialized countries account for about 90% of the world
technology market, including more than 60% are in the United
States, Japan, Britain, Germany and France.

Most of the trade in licenses in the global technology market,
of the total volume of commercial transactions, falls on the
following industries:

- electrical and electronic industry — 19%;

- general mechanical engineering — 18%;

- chemical industry — 17.4%;

- transport engineering — 10.2%.

The objects of the world technology market are goods
classified according to the technological capacity of trade developed
by UNCTAD, which is indicated as the ratio of research and
development costs to the total cost of production and trade in goods.
However, the largest percentage of the state budget for research is
spent by Israel and the Republic of Korea (Table 5).

Table 5 R&D expenditures (2018-2019)

2018 2019
Country Place in Place in
Value the Value the
ranking ranking
Israel 43 1 43 1
if)f:g"c 42 2 42 2
Switzerland 3 8 34 3
Sweden 33 4 33 4
Japan 3,3 3 31 6
Finland 2,9 9 2,7 10
USA 2,8 11 2,7 11
Singapore 2.2 17 2,2 14

~ Source: grouped by authors according to data [6].

Objects presented in an intangible form are the result of
intellectual activity and are intangible carriers of various types of
technology. Such objects can be classified by internal integrity into:

- non-market (information arrays, knowledge, experience and
skills acquired during research and can be transferred through
training, internships, exchanges and migration of specialists);

- potential market (patents, know-how, scientific and technical
documentation, management consulting);
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- market (patent and non-patent licenses, engineering, leasing,
franchising, research services, staff training).

In the world market of technologies there are subjects of all
structural levels:

- micro level - universities, research institutions, business
centers, venture firms, individual innovators;

- meso level - TNCs, national companies, science and
technology complexes (technology and research parks, which are
the leading implementers and patenters of innovations);

- macro level - state and national scientific and technical
systems that ensure the functioning and development of the global
technology market;

- mega-level - interstate formations and integration groups,
within which efforts are focused on certain areas of STP;

- metalevel - international organizations, including the United
Nations, which provide technical assistance to countries that
develop and shape the world market for economically safe
technologies.

The most important role in all segments of the global
technology market is played by the following countries: USA,
Japan, Great Britain, Germany, France.

They account for 60% of international technological
exchange. In general, industrialized countries account for about
90% of the global technology market, and developing countries -
10%.

For the former socialist countries and republics of the Soviet
Union, the share of high-tech exports is much smaller. This is a
consequence of the landslide deindustrialization of the former
USSR and Eastern European countries in the 1990s. Only the Czech
Republic and Poland stand out in a positive way. Thus, Ukraine in
this area belongs to the periphery of the technology market and has
the following ratings (Table 6).

Table 6 Ratings of Ukraine in the world technology market (2018-2019)

2018 2019
Place in .
Country Value the Value Place in the
ranking ranking

Diversity of

the workforce 45 62 46 59

Scientific 2157 50 2293 50

publications

Patent

applications 1,41 62 1,56 62

R&D costs 0,6 56 04 67

Trademark 653,88 60 744,49 59

applications

Quality of

research 0,04 44 0,04 44

institutions

Cooperation

with many 3,7 56 3,8 58

stakeholders

International

joint 05 56 0,53 55

inventions

The state of

cluster 3,2 106 35 96
|_development

Source: grouped by authors according to data [6].

Modern processes of globalization have affected the structure
of the global technology market and identified a number of its
features, namely:

* the world market of technologies contributes to the
intellectualization of the world economy in general [3];

« the main actors are TNCs, which share the results of
research and development by parent and subsidiary companies, as a
result of which the global technology market is better developed
than the national [4]. 2/3 of the world's technological exchange is
accounted for by intra-firm exchange of TNCs. More than 60% of
licensed revenues of industrialized countries account for the share
of intra-corporate revenues (in the US - 80%) [5];
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« the largest TNCs concentrate research on themselves and
contribute to the monopolization of the world technology market
(the level of monopolistic control is 89-90%) [3];

* technological gap between different groups of countries
causes a multi-stage structure of the global technology market;

» the global technology market has a specific regulatory
framework (International Code of Conduct on Technology
Transfer), as well as international regulators (World Trade
Organization Agreement on Intellectual Property Rights) (TRIPS),
the UN Conference on Technology Transfer Committee and
Development (UNCTAD), the World Intellectual Property
Organization (WIPQ), the Export Control Coordinating Committee
(COCOM), the Technology Security Expert Meeting (STEM)).

3. Trends in the global technology market

The trends of the world market of high technologies include:

- a high degree of monopolization of the world technology
market. This is due to the fact that the implementation of research
and development requires significant costs, which can only be done
by the largest companies or countries;

- stable dominance in the world market of technologies of
industrialized countries, whose share in the international scientific
and technological exchange is almost 90%. Exports of high-tech
products account for the five most developed countries in the world:
the United States, Japan, Britain, Germany and France. In Europe,
technology exchange takes place mainly within the EU, most often
inter-firm exchange;

- formation of a two-tier structure of the market of high-tech
goods and services by relocating production to countries with lower
labor costs and widespread use of outsourcing. This applies to the
countries of Southeast Asia. Leaders in outsourcing are India and
China);

- high level of monopolization of the world market of high-
tech products (over 90%) (due to the unique properties of high-tech
goods and the transformation of multinational corporations into
major market players). Concentration of scientific and technical
developments in transnational corporations, joint use of R&D
results by parent and subsidiary companies contribute to the
development of the global technology market, allows the
establishment of monopolistically high prices for patented products
and control over the market as a whole;

- an increase in the number of small and medium-sized
venture firms (corporations transfer to them the risk of research and
development, development of new products, testing of innovations).

The United States remains one of the top five countries in
terms of both high-tech exports and imports, despite growing
competition. Take the lead in the market of telecommunications,
computer and information technology, software (the most famous
are Apple, Cisco, Hewlett-Packard, IBM, Intel, and Microsoft). The
country dominates the export of computer equipment (75%) and
software (65%), remains the world leader in innovation (although
most research and innovation focuses on products that are produced
abroad and then exported back to the United States). The main
trends in the high-tech sector are the development of social media
platforms and the active introduction of "cloud" technologies.

The threat to the United States is caused by the penetration of
Chinese companies into the American market. To reduce the
competitiveness of Chinese companies, a ban on the sale of
programs used in sensors, drones and satellites to automate the
recognition process. In 2020, the US government imposed
restrictions on the export of artificial intelligence technologies. But
the US high-tech market has a margin of safety, many of the leading
high-tech corporations and firms are American; there is no
absorption of American companies by European ones, on the
contrary, there are reverse processes; higher education is more in
line with the needs of the innovative economy, and higher education
is more qualified and prestigious; high-tech products meet the high
demands of consumers. Concealed protectionism is an instrument of
state support for the high-tech sector of the American market.
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The European high-tech market is inferior to the following
countries: the United States in areas such as telecommunications
and electronics; Japan and the newly industrialized countries of
Southeast Asia - in the field of mass production of knowledge-
intensive goods. The number of European high-tech companies in
the domestic market is only 30-40% of their total. With high energy
prices and declining sales, big business has reduced its IT spending,
and small and medium-sized enterprises cannot afford to invest
heavily in this area.

The reasons for the weakness of the European high-tech
market are:

- reduction of demand for ICT compared to the rest of the
world;

- insufficient funding for research by states;

- lack of qualified personnel and reduction of graduates in
engineering, mathematics and information specialties;

- there is an innovation deficit.

According to a study by Euromonitor International, the
production of high-tech goods in the EU is expected to triple and
reach 16 trillion US dollars in 2030 through the pooling of
resources for investment in several high-tech industries, including
the development of innovation in the Internet of Things and the
creation "Smart" companies. Finland, Denmark, Sweden and
Norway are considered to be the most ready for this.

A common feature of the Asian segment is the crucial role of
the state in the effective development of advanced technologies.
Japan is one of the leaders in the world market for high-tech goods
and is one of the largest competitors in the United States. The main
driving forces in the development of high-tech industries in the
country were political factors, especially active interaction with the
United States and external demand and external financial resources.
Japan ranks first in the export of electronics and information.

4., Conclusions

1. The world technology market is one of the most important
factors in the development of the world economy as a whole.

2. The growth rate of international technology exchange
significantly exceeds the growth of traditional world economic
flows, including money capital.

3. The growth of the world market of technologies reflects the
objective need for the formation of new systems of productive
forces, the introduction of new technological components.

4. Technology is becoming the main determinant that affects
all areas of individual and social life and the process of
transformation of the technological structure of planetary
civilization.

5. Leadership in the development of high technology was
achieved by those countries that were aimed at producing
competitive products based on their own innovative developments
and focused primarily on the European market.

6. The main limitations of intensifying the participation of
Ukrainian entities in the processes of technology transfer in the
foreign market are:

1) the level of a significant number of domestic scientific
developments and science-intensive product does not meet the
requirements of the modern market;

2) violation of the system of interaction (cooperation) of
research institutions and enterprises in the development and
commercialization of science-intensive products;

3) shortage of resources (financial, personnel) for the
implementation of innovative activities of enterprises on their own,
as well as for the acquisition of innovations abroad;

4) lack of mechanisms for implementing the programs and
concepts of scientific and technical development declared by the
state.
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Abstract: Cities today are highly endangered by the global urbanization trends and the sustainability issues that they may bring. With the
increasing environmental awareness and the development of technology, there is an urgent need to rethink how we plan and manage our
cities. With the advancements in technology, we are entering the era of smart cities where information and communication technologies are
used to collect large amount of data to transform city economies, social cohesion and city governance. This paper explains the concept of the
smart city and its characteristics which can be used to solve the sustainability problems that the city may face. Following the introduction,
the paper continues by presenting six main characteristics of smart cities and their role in sustainability. The chapter then proceeds to a
description of a smart sustainable city model that derives from merging three main city models related to sustainability and smartness,
namely the eco-city, compact city and data driven city. Finally, the application of smart city technologies that are being used to achieve

sustainability in some randomly chosen cities is presented and discussed.
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1. Introduction

The growth of population, technological development, and
urbanization are considered as contemporary challenges that seek
efficient, effective and economic approaches to better governance
[1]. As it is claimed by the UN reports, by 2030 there will be an
increase by an additional 1.5 billion people which will place a great
pressure on resources, infrastructure, jobs and healthcare [2]. This
dramatic population growth will increase the human impact on the
environment not only because of the huge increase in numbers, but
also because of the new technical power to dig deeper, cut faster,
build larger, and travel more quickly great distances in automobiles,
trucks, and planes [3]. These activities have caused many serious
environmental problems on global scale including the climate
change, loss of biodiversity, decline in water quality and
degradation of ecological systems. As a response to these
challenges a number of creative approaches need to be taken into
consideration in order to ensure the proper development of the cities
while protecting the environment and the life quality of the citizens.
One of the approaches that have been implemented recently is the
concept of “smart city”. The creation of smart cities is a natural
strategy to mitigate the problems emerging by rapid urbanization
and urban population growth.

According to the World Economic Forum, the smart city
programs are increasingly being implemented around the world,
including a broad range of fields such as governance, economy,
citizen participation, natural and built environment, transportation
and urban life [4]. These technologies are used to monitor activity
in the city by way of traffic lights, traffic speeds and traffic flows,
criminal activity, movement of pedestrians, number plates, media
access control (MAC) addresses, faces and gaits, transport meter
readings, energy usage, and environmental pollution [5]. With the
increasing  environmental awareness and concern, these
technologies have been adapted in a way they would produce smart
solutions to contribute to environmental and social sustainability.

The paper is divided into two parts. The first part deals with the
smart city regarding the definition of the smart city concept and
how that it relates to sustainable development of a city. This section
includes a description of tools and technologies that can be applied
to smart cities and the benefits they have related to sustainability.
The second part includes some case studies where smart city
technologies have been adapted and a description how they affect
the sustainable development of the cities.
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2. Smart city and sustainability

The term “smart city” is a broad concept with many different
definitions, all of which emphasize the use of technology and
innovation in order to improve the quality of human lives. Simply
explained, smart city uses innovative technologies to provide better
services for citizens, improve the urban live quality and use
resources in a best way while impacting the environment less [6].

Many researchers have divided this concept into several
characteristics and dimensions in order to clarify what a smart city
is doing and the reason for this is the complexity of the smart city as
a comprehensive approach. Among them, Nam and Pardo frame the
smart city by three dimensions: technology (infrastructures of
hardware and software), people (creativity, diversity and education)
and institutions (governance and policy) [7]. The technology
dimension can be clustered in six different definitions, the digital
city, the intelligent city, the ubiquitous city, the wired city, the
hybrid city and the information city; the human dimension “people”
is described in four clusters, which are the creative city, the learning
city, the human city and the knowledge city; the institution
dimension has two different definitions the smart community and
the smart growth [7]

A smart city could, but does not have to be a sustainable city.
To judge sustainability development of a smart city, it is necessary
to evaluate the ICT solutions in the city in terms of economic, social
and environmental sustainability [8]. Sustainability is often defined
by three pillars: environmental, economic and social aspects. In the
so called Brundtland Commission Report it is described as a
“development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs” [9]. Considering this, we can define a smart sustainable city
as an innovative city that uses information and communication
technologies (ICTs) and other means to improve quality of life,
efficiency of urban operations and services, and competitiveness,
while ensuring that it meets the needs of present and future
generations with respect to economical and environmental aspects”

[6].

Smart cities around the world are complex and differ in terms of
their characteristics, requirements and components. One of the most
basic classification frames the smart city under four main
components each of it consisting of four other assets; utilities
(power, water and waste), transportation (rail, road, air and
logistics), real estate (residential, commercial, retail/hotel and
public buildings), and city services (healthcare, education,
fire/police/defence and municipal services) [10]. Apart from that,
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the Department of Spatial Planning, Vienna University of
Technology, has proposed a more comprehensive classification by
developing six key components measure the smartness of 70
European medium-sized cities since 2007 [11]. These are the smart
economy, smart environment, smart government, smart living,
smart mobility, and smart people, as shown in Table 1.

Table 1. Smart City Characteristics. Source: Giffinger et. al. 2007

Smart Economy Smart People
(Competitiveness) (Social and human capital)
e Innovative spirit e Lewel of qualification
e  Entrepreneurship e Affinity to life-long learning
e  Economic image and e  Social and ethnic plurality
trademarks e Flexibility
e  Productivity e Creativity
e  Flexibility of labour e  Cosmopolitanism/Open-
market mindedness
e International e  Participation in public life
embeddedness
e Ability to transform
Smart Governance Smart Mobility
(Participation) (Transport and ICT)
e  Participation in e  Local Accessibility
decision making e Inter-national accessibility
e  Public and social e Availability of ICT
services infrastructure
e  Transparent e  Sustainable, innovative and
governance safe transport systems
e  Political strategies and
perspectives
Smart Environment Smart Living
(Natural resources) (Smart living)
e  Attractivity of natural e  Cultural facilities
conditions e  Health conditions
e  Pollution e Individual safety
e  Environmental e  Housing quality
protection e  Education facilities
e  Sustainable resource e  Touristic attractivity
management e  Social cohesion

According to Bibri & Krogstie, the novel model for smart
sustainable cities integrates two models of sustainable urban form
which are the compact and eco-city, with the data-driven city [12].
Furthermore, they add that the focus should be on the design
concepts that characterize the compact city (compactness, density,
diversity, mixed-land use, and sustainable transport) and eco-city
(renewable resources, passive solar design, ecological and cultural
diversity, greening, environmental management, and other key
environmentally sound policies), as well as innovative solutions and
sophisticated approaches being offered by big data technologies and
their novel applications for sustainability, which relate to the data-
driven city and its components [12].

3. Smart city - case studies

Smart city applications are various and deal with many
problems that cities face around the world including congestion,
population growth, limited infrastructure, ineffective service
delivery, poverty, lack of liveability, climate change issues, and
natural and man-made disasters [13]. Nowadays, cities are
increasingly implementing projects with smart solutions in waste
management, traffic congestion, citizen safety, affordable housing,
water resource management, smart buildings, efficient use of
energy, renewable energy resources, facilitating navigation of
autonomous vehicles, citizen participation and stakeholder
consultation. Integrating digital technologies, into a city’s systems
and services presents new and affordable opportunities for a city to
solve its challenges. This in turn will help it achieve the Sustainable
Development Goals through efficient use of its resources, effective
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stakeholder engagement, informed decision-making and better
governance [13]. In the following section, some examples of
successful smart city solutions are shown in the following key
themes: governance and policy, society, infrastructure and services,
environment, and business and economy (Table 3).

3.1 Copenhagen Cycling Infrastructure — Copenhagen,
Denmark

Copenhagen is a world leader in providing cycling
infrastructure, with more than 450 kilometres of cycle lanes used by
36,000 cyclists every day [13]. In 2007, the City of Copenhagen
introduced “Eco-Metropolis. Our vision for Copenhagen 20157,
which had three out of 11 goals related to cycling. One was that the
city should aim to achieve a 50% bicycle share in commuting to
workplaces and educational institutions by 2015. The other two
goals related to reducing accidents by 50% and reducing the number
of those killed and seriously injured. An intense political focus on
cycling issues developed in the following years, with the city
delivering cycle infrastructure through the Cycle Secretariat. This
resulted in a connected network of 2.2-metre-wide cycle paths on
each side of city streets, between sidewalks and cars; additional
features include coordinated traffic signals (“green wave”) and
footrests at traffic lights. The figure below shows the infrastructure
system and its benefits in Denmark (fig. 1).

1 the Capital Region of Denmark, 2019
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Fig. 1. Cycling Infrastructure in Denmark.

Source: httpseu.boell.orgencycling-copenhagen-the-making-of-a-bike-
friendly-city

3.2 Circular Glasgow — United Kingdom

Cities seek to create a healthy competitive environment for
small and medium-sized enterprises, develop policy incentives to
encourage business growth and attract private interest to solve
urban challenges. An ecosystem of innovation further attracts
private investments, encourages entrepreneurs to expand their
businesses and provides valuable economic growth.

Circular Glasgow is an online platform designed to support the
implementation of circular business models and strategies to tackle
universal and local challenges. Glasgow was the first city to host an
online challenge, reaching over 600,000 people globally with 59
ideas submitted from 13 countries. The partnership with the design
studio Graven, the first of its kind and a result of the city’s global
design reputation, led to the launch of a bespoke consultation
programme and has resulted in 10 design-led circular innovations
[13].

Because of its harmful effect, there is a need to find new
ways to manage waste. As it is estimated in the International
Resource Panel (IRP), by 2050 the material consumption in cities
will grow up to 90 billion tonnes, which is 50 billion more than it
was in 2010. In the 2018 World Economic Forum White Paper
“Circular Economy in Cities” it is reported that, there was a 1.3
billion t of solid waste generation in cities in 2012 [14]. This would
make a footprint of 1.2 kg per person per day and it is expected to
rise to 2.2 billion t in 5 years [14].
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In order to avoid the landfill sites and the environment pollution
that can be caused by unregulated waste management and disposal
practices, we should adopt a more practical method of production
and consumption in the way that we can ease the burden of waste
on cities. This is what the circular economy approach aims to do.
The purpose is to achieve sustainability by restoring the resources
and protecting the natural environment from the negative effects of
the industrialized waste [13].

According to the Circular Glasgow website, the project
team “work closely in partnership with Zero Waste Scotland,
Glasgow City Council and Circle Economy to deliver a programme
of business engagement to raise awareness of the benefits and
opportunities of the circular economy.” The initiative has 19
“ambassadors from businesses across Glasgow who are helping to
share their experience and knowledge of the circular economy”
[13].

4. Conclusion

Cities are experiencing rapid digital transformation and creating
innovative models to integrate the new technologies into their
services, infrastructure and governance. With the increase of
population in one side, and the limited earthly resources on the
other, the need for smart sustainab le solutions in cities is increased.

This paper aimed to describe smart sustainable cities by
analyzing six main characteristics of a smart city and their role in
achieving the optimal level of sustainability. Following this, the city
models of sustainable and smart cities were described, namely
compact cities, eco-cities, data-driven smart cities, as well as how
they intertwine with one another in the context of sustainability.
Finally, case studies where smart city applications are used in order
to achieve sustainability considering the following key themes:
governance and policy, society, infrastructure and services,
environment, and business and economy. The advanced technology
used in smart cities addresses diverse challenges including
congesting, gaps in infrastructure, pollution and other
environmental problems, uncontrolled population growth ext.

Considering the fact that cities are characterized by different
key characteristics, some technology systems might work in one
city and might not in another. Therefore, for a smart city to function
properly, all the key systems need to work together, by using all of
their resources to deal with the challenges the city faces.

As we are experiencing a time when COVID-19 has disrupted
even our most basic daily habits such as moving freely across the
city, sharing close space with people in a restaurant, an office or a
square, we can understand much better how our physical lives can
be affected and we must learn to develop new tools to improve our
urban experience. Basically, because of the unprecedented scale of
the events of early 2020, the case studies listed in this paper, among
many other cities around the world, have taken big steps to make
the urban environment more inclusive, equitable, agile, open to new
ideas and resilient.
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1. Introduction

The organization of traffic flows is an essential element in the
successful operation of the transport system in a designated area.
The main goal of traffic optimization is to minimize the cost of
traffic flow which is achieved by minimization of crossings on
critical intersections in favor of reducing lost time. If organization
of traffic flows is not properly optimized, it is possible to create
traffic congestions on specific locations what finally affects on
complete traffic system [1].

Transport modeling is an integral part of traffic engineering
that is used in phases of planning and design. Simulation models are
developed to test new solutions and how those new solutions or
changes in traffic organization will affect the flow of traffic in the
analyzed area. A model is a simplified representation of a part of
the real world/system, which focuses on the individual and certain
elements considered important from a point of view. Transport
models are abstract models based on mathematical formulas and
laws. The main elements in the development of transport model
simulation are the relationship between traffic demand and traffic
supply, where traffic demand is the distribution of activities in
space, while traffic supply is defined as the capacity of transport
network elements (road, terminals, hubs).

The demand for transport services is highly qualitative and
differentiated. There is a whole range of specific demands for
transport which are differentiated by time of day, day of the week,
journey purpose, type of cargo, the importance of speed and
frequency, and so on. A good deal of the demand for transport is
concentrated on a few hours of a day, particularly in urban areas
where most of the congestion takes place during specific peak
periods. Transport supply is service; therefore, it is not possible to
stock it and transport service must be consumed when and where it
is produced. For this reason, it is very important to estimate demand
with as much accuracy as possible to save resources by tailoring the
supply of transport services to it [2].

In this paper an overview of the most important simulation tolls will
be presented and in the other part of paper an example of
implementation of simulation tool VISSIM in the City of Zagreb
will be shown.

2. Overview of simulation tools

Traffic simulation is an indispensable instrument for transport
planners and traffic engineers. In this chapter some of the most used
traffic simulation software will be described.

Modern traffic simulation tools are based on different principles
and have two main origins: industrial and academic ones. Industrial
simulators (e.g., Vissim, Aimsun), developed for commercial
purposes, are generally easier to use and offer user assistance.
However, they are less extensible and offer less flexibility and limit
the user to predefined cases. The second group of simulators comes
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from research labs. Developed as part of research work, these
solutions are usually less complete and not easy to use for an
uninitiated user [3].

Simulation tools offer different levels of traffic modeling
usually classified into three following groups: macroscopic,
microscopic, and mesoscopic. In macroscopic models, vehicle flow
is assimilated to the runoff of a fluid in a pipe and modeled through
the equations of fluid mechanics. In contrast, in microscopic and
mesoscopic approaches, each actor of the traffic is respectively
considered individually and in small homogeneous groups [3].

VISSIM is a microscopic, behavior-based multi-purpose traffic
simulation to analyze and optimize traffic flows. It offers a wide
variety of urban and highway applications, integrating public and
private transportation. Complex traffic conditions are visualized in
high level of detail supported by realistic traffic models. VISSIM is
a commercial software tool with about 7000 licenses distributed
worldwide in the last 15 years. About one-third of the users are
within consultancies and industry, one-third within public agencies,
and the remaining third is applied at academic institutions for
teaching and research. VISSIM is a microscopic, discrete traffic
simulation system modeling motorway traffic as well as urban
traffic operations. Based on several mathematical models, the
position of each vehicle is recalculated every 0.1-1 s. The system
can be used to investigate private and public transport as well as in
particular pedestrian movements [4].

S-Paramics is used on a wide variety of transport-modelling
projects. The strength of S-Paramics is in its ability to apply
microsimulation to large area models. The ‘micro’ in
microsimulation reflects the level at which the interactions between
vehicles are modelled, not a limit to the size of the geographical
area in a model. Large models may cover tens of squares of
kilometres with hundreds of zones and hundreds of kilometres of
road network [4].

The Aimsun transport modelling software is a long-term
research programme at the University of Catalonia (UPC), Spain.
the software now includes macroscopic, mesoscopic and
microscopic models. Expanding in response to practitioners’
requirements, Aimsun has come to encompass a collection of
dynamic modelling tools. Specifically, these include mesoscopic
and microscopic simulators and dynamic traffic assignment models
based on either user equilibrium or stochastic route choice [4]e.

“Simulation of Urban MObility”, or “SUMO” for short, is a
microscopic road traffic simulation. The work on SUMO’s design
began in the year 2000, with the first implementation being started
in the year 2001. SUMO is available as “open source” under the
GNU General Public License, both as source code and in compiled,
executable form for multiple Windows and Linux platforms. The
reason for building an open-source traffic simulation was that while
working on traffic simulations within the academic field, it was
noted that many different, small simulations were developed as
tools within diploma or doctoral theses, in order to evaluate the
objective that was the thesis’ real topic [4].
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3. Implementation of simulation tools — City of
Zagreb example

Transport network capacity is one of the most important
attributes while analyzing transport networks. Capacity defines
maximum number of vehicles crossing a section of road per unit of
time at any selected period. City of Zagreb Master Plan defines
current traffic capacities on road network in City of Zagreb area and
it is used as a starting point in analyzing transport network in that
area. Master Plan data defines the capacity of all types of roads.
City avenues have a capacity from 1.000 up to 3.000 vehicles in one
way per hour, while other road types have a capacity of under 1.000
vehicles in one way per hour [5].

Same as capacity, the volume of traffic is another important
attribute used to analyze traffic congestions on a traffic network.
Traffic volume presents the number of vehicles crossing a section of
road per unit time at any selected period. The volume/capacity
(VIC) ratio is one of the most important elements of transport that
describes the state of the transport network. The result given by V/C
ratio expresses road congestion, namely, usage of road capacity on
the analyzed road. It is also often used as a precautionary measure
to detect roads that are near to congestion level. Congestion arises
when demand levels approach the capacity of a facility and the time
required to use it (travel through it) increases well above the
average. [2] Congestion level is considered every V/C/ ratio over
0,75 or 75 %. If the ratio is over 75 % it is necessary to present
optimal solutions to reduce congestions. If the ratio value is over
1,00 or 100 %, it is considered that analyzed network demand is
higher than supply.

During the development of the Master Plan of the City of
Zagreb, a transport model of the City of Zagreb and surrounding
counties were created in the simulation tool PTV Visum, which
shows the current state of roads in the analyzed area as seen in Fig
1.

i

Fig 1. V/C ratio in City of Zagreb area

In this paper, one city district in the City of Zagreb is analyzed
to evaluate the effects of the proposed traffic optimization solutions
using simulation tools. The analyzed city district is located in the
northern part of the city and is characterized by geographical and
traffic limitations and traffic congestions during weekends due to
increased recreational and social activities in the area.

In order to check the relationship between traffic supply and
demand and to check the possibility of congestion, macro and
microsimulation models were developed as a part of the proposed
solution. The macrosimulation model developed in PTV Visum will
be used to evaluate new traffic solutions for the construction of a
new road to relieve the existing ones and increase the level of traffic
safety in the area. The macrosimulation model aims to show the
current situation on the transport network and to compare it to the
future situation after the implementation of a new road. The
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microsimulation tool, PTV Vissim, will be used to analyze the
reconstruction of the busiest intersection in the whole district and to
determine the movement of traffic on the reconstructed intersection.

As previously stated, the district is characterized by congestions
during weekends due to large recreational activities that are going to
additionally increase in the future with the introduction of a new
cable car in the analyzed area. The new cable car will contain an
underground garage and outside parking lot with a capacity of about
330 parking places and additional problems in form of traffic
congestion are expected in the analyzed area.

The proposal of traffic optimization of the analyzed city district
is reflected in the reconstruction of the busiest intersection and the
construction of a new transversal road for additional connection of
the neighborhood with the city center.

The simulation of the newly proposed intersection
reconstruction was performed in the PTV Vissim simulation tool by
creating a model of reconstructed intersection. The creation of the
model required the creation of modeled intersection from zero.

As afirst step in creating a transport model, traffic counting has
been carried out. Traffic counting was performed in one hour period
during afternoon peak hour with a goal to receive traffic data during
the most congested period of the day. Due to the implementation of
a new road in the intersection, traffic count was also conducted on
the following intersection with the goal of gathering additional data
on traffic distribution.

After traffic counting was carried out, the creation of a transport
model in the simulation tool has been started. Firstly, the link and
connectors were created that are the foundation of every
microsimulation model. Links, that are stand-alone objects,
represent roads on the network, while connectors, which must be
attached to the previously created link, represent turns on the
network. The microsimulation model was created with 55 links and
connectors that represent the transport network in the analyzed area.

After the implementation of roads, the next steps were to
determine desired speeds, reduced speed on connectors, conflict
areas, and priority rules on the analyzed intersection. Data gathered
during traffic counting is implemented as vehicle inputs and static
vehicle routes attributes. Those attributes describe the number of
vehicles passing through the intersection and the distribution of
vehicles on it. After implementation of all needed attributes,
transport model creation was complete, and the model was
simulated as seen in Fig 2.

Fig 2. Simulation process of the developed microsimulation model in PTV
Vissim

After the simulation of the transport model, evaluation data was
calculated. Evaluation data were collected to analyze traffic
elements on the intersection. Analyzed data consisted of the average
speed of vehicles in the intersection, maximum queue lengths on the
links, lost time while waiting in the intersection, and level of service
for each intersection approach. Data for each of the above-named
data are seen in Table 1
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Table 1: Data collection measurements from the developed model

Intersection A sadiniy Lost time Level of
approach Slga queue [sec] service
[km/h] length [m]
1 —west 46,56 10,37 2,92 LOS A
2 —south 4487 0,00 3,18 LOS A
3 —east 26,61 54,70 16,33 LOSC
4 —north 27,02 11,55 3,74 LOSB

Unlike evaluation of results within the microsimulation model,
within the macrosimulation model, the data of congestion of the
complete traffic network is analyzed in the monitored area.

As the most common parameter used to evaluate the transport
network when monitoring private transport within the
macrosimulation model is certainly the traffic volume that passes
through a certain section of traffic in a certain time interval. Within
created macrosimulation, the traffic volume was presented for a
period of one day.

The development of the macrosimulation model was conducted
within the PTV Visum simulation tool, which is used to show the
entire traffic network in the analyzed area. Input data of the amount
of traffic entering the area of the transport network were obtained
by field research, i.e. by counting traffic on characteristic locations.
Traffic counting data were obtained in a period of one hour and was
recalculated to AADT (annual average daily traffic) to implement it
to the model.

Macrosimulation models are built from a few network elements
that recreate the analyzed area. The first element is nodes that
represent intersections on roads, the second element is links that
represent transport network, and the third element are zones that
represent areas from where and where to trips happen. Created
macrosimulation model contains 145 nodes, 314 links, and 28 zones
that represent the analyzed area.

Created macrosimulation model (Fig 3.) was used to test the
construction of a new road that should relieve the existing transport
network and ensure an increased level of safety on insecure
intersections.

Fig 3. Macrosimulation model of the district in City of Zagreb created
within PTV Visum

After the implementation of the traffic network simulation with
implemented solution, a major change in the distribution of traffic
in the analyzed area was visible. Newley implemented transversal
road took over around 50 % of existing traffic, relieving existing
busiest road in the area by 50 %. Such relief in traffic congestion
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can ensure a high level of service and a high level of safety for all
users.

4,

With the increase in population on the outskirts of the city,
roads built in the past find it much harder to handle the traffic
currently passing through such an area. Due to spatial possibilities,
peripheral settlements in the analyzed area of the City of Zagreb
have very narrow roads which make it difficult for two-way traffic.
In such a state is the traffic network in the area of the analyzed city
district. As part of this paper, an analysis of the current state of road
transport infrastructure and the transport system in the analyzed
area was carried out, and based on the obtained results, conceptual
solutions were given for the purpose of optimizing and improving
the transport system.

Conclusion

By developing simulation models and evaluating the results of
simulations, conclusions were obtained that the implemented
solutions are suitable and that they fulfill the purpose of
implementation, ie to optimize and improve the traffic system in the
entire area of the analyzed district in the City of Zagreb.
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Abstract: Covid-19 pandemic has made it necessary to move work from employers' workplaces to home offices. The employee works from
home using digital technologies. However, the Home Office scheme is accompanied by significant employee costs, covered by private
employees’ funds. Among them for example cost of electricity, water, sewers, the cost of suitable workplace equipment and its amortization,
costs of quite free space, cost to cover speedy internet. On the other hand, the employers receive work from the employees, b ut the cost of the
working environment and resources they save significantly. The Home Office regime will remain in place after the pandemic, so it is time to
consider a financial solution to the cost of home office staff — for example, in the form of tax instruments.
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1. Introduction and review of literature

From March 2020, every aspect of our lives is exposed to a new
situation — the COVID-19 pandemic. Technologies, including
information technology and digitalisation, are importantly helping
to combat the pandemic. According to Fournier, “the digital
economy is an area of economics that is engaged in studying the
cost of intangible goods traded over the internet." (Fournier, 2013)
One of the first definitions of digitalisation was authored in 2001 by
Mesenbourgh and Atrostic who state the digital economy has three
prims - supporting infrastructure, electronic business processes
(how business is conducted), and electronic commerce transactions
(selling goods and services online). They add that reliance on
computer networks, and the benefits they can provide, is the
"bottom line" difference between electronic and other kinds of
business. (Mesenbourg & Atrostic, 2001) According Muggah,
Rohozinski and Goldin ,,COVID-19 is accelerating the shift towards
digitalisation, ... and the digital economy is growing faster than the
real economy. Depending on how it is defined, its total value could
be 11.5 trillion USD, or 15% of global GDP. Researchers believe
this could rise to as high as 37 trillion USD, or 26% of GDP, by
2040. “(Muggah R. R., 2020)

Overall Factors Sub-Factors

51 53 52 38

Talent Training & education  Scientific concentration

Knowledge

50

51

61 47 38

Regulatory framework Capital Technological framework

\ Technology
The direction of the triangle indicates the
erformance change rom the s yar

perfor
A\ improved or stable
Vdeclined

51

50 62 44

Adaptive attitudes Business agility IT integration

Future readiness

Figure 1 IMD World Digital Competitiveness Ranking (WDCR) — Slovak
republic, overall performance (2020)
Source: (IMD World Competitiveness Center, 2020, p. 144)

A number of indicators are used to measure and compare
countries' readiness in the field of digitalisation internationally.
Among them, for example IMD World Digital Competitiveness
Ranking (WDCR) which was created by IMD World
Competitiveness Centre, the fourth edition of the ranking report of
63 countries was issued in 2020. WDCR measures countries' ability
and readiness to adopt digital technologies leading to their
economic and social transformation. The ranking of countries
depends on three factors: knowledge, technology and future
readiness. (IMD World Competitiveness Center, 2020, s. 3).
According to the results of IMD World Digital Competitiveness
Ranking (WDCR), the Slovak Republic ranked 50th out of 63
countries, down from 47 in 2019. (IMD World Competitiveness
Center, 2020) What is the state of digitalization in the Slovak
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Republic according to the three assessed factors and their subfactors
is shown in Figure 1.

In February 2021, the European Parliament and the Council
adopted the Regulation (EU) 2021/241 of the European Parliament
and of the Council of 12 February 2021 establishing the Recovery
and Resilience Facility (RRF) while the scope of application of the
mechanism covers six pillars, including digital transformation. On
the basis of the RRF European Union Member States have
developed recovery and resilience plans. To track digitalization in
the European Union, the Digital Economy and Society Index
(DESI) is applied. The structure of DESI 2021 is built on four
dimensions, while each dimension measures several sub-indeces,
they are (sub-indices are in brackets): Human Capital — digital skills
(at least basic digital skills, ICT Specialists, Female ICT
Specialists), Connectivity (gigabit for everyone i.e. fixed very high
capacity network coverage, 5G coverage), Integration of
Information Technology (SMEs with a basic level of digital
intensity, Al, cloud, big data), and Digital Public Services (digital
public services for citizens, digital public services for businesses).
(European Commission, 2021, s. 14) Four dimensions of DESI
reflect intervention fields set by the RRF. Namely, dimension
Human Capital is equivalent to intervention field 3 (Human Capital)
of the RRF, dimension Connectivity is the equivalent to
intervention field 1 (Connectivity), dimension Integration of
Information technology is the equivalent to intervention fields 5
(Digitalisation of businesses) and 6 (Investment in digital capacities
and deployment of advanced technologies), and dimension Digital
Public Services is the equivalent to intervention field 4 (e-
government, digital public services and local digital ecosystems) of
the RRF.

® 1 Human capital u2 Connectivity 3 Integration of digital technology m4Digital public services

ihi

DK FI SE NL IE MT EE LU ES AT DE BE SI LT EU FR PT LV CZ HR IT CY[SK|HU PL EL BG RO

0

Figure 2 European Union DESI — overall position of the Slovak Republic
Source: (European Commission, 2021, p. 3)

The EIB Investment Survey confirmed that most firms surveyed
believe that COVID-19 will lead to further acceleration of the use
of digital technologies. (Ficarra, Riickert, Virginie, & Weis, 2021),
(EIB, 2020a) The current state of digitalization in the Slovak
Republic, as assessed by DESI, is shown in Figure Figure 2.
Slovakia has a score of 22 in DESI 2021 among the 27 Member
States of the European Union which means that the situation of



INDUSTRY 4.0 2021, WINTER SESSION

digitalization is below the European Union average overall and in
four DESI 2021dimensions.

The need for a digital transformation in the European Union is
accentuated by the European Investment Bank, which developed a
type of composite index - EIBIS Corporate Digitalisation Index.
The index measures the degree of adoption of digitalization in the
EU and the US, which, like previous indices, is composed of several
elements, they are digital intensity, digital infrastructure, investment
in software and data, investment in organisational and business
process improvements, the use of a strategic monitoring system, and
the digital outlook, with purpose to summarise indicators on
digitalization. (EIB, 2021, s. 6) According to EIBIS Corporate
Digitalisation Index, the Slovak Republic belongs to the moderate
states, as illustrated in the Figure 3.

100

DK NL FI SE BE MT PT ES US CY AT HU EU CZ LU EE DE SK SI LT IT FR EL HR UK LV RO PL BG IE

Fronturrers Strong Moderate Modest

mDigital intensity M Infrastructure W Software  ® Organisation M Management M Digital Outlook

Figure 3 EIBIS Corporate Digitalization Index, by country
Source: (EIB, 2021, p. 7)

During the COVID-19 pandemic, it was digitalization that made
it possible to continue to work for employees with the reduced
mobility necessitated by the pandemic. It has enabled employees to
continue working by giving them the opportunity to work remotely
- online, thanks to information technology, the internet and
digitalization. A questionnaire survey conducted in the Czech
Republic found that "home office work use increased significantly
compared to the situation before the pandemic. The most significant
increase was in the state administration. More than 80% of
government executives confirmed the increase, with more than 60%
of respondents reporting this in municipalities and nonprofits.”
(Ministry of Labour and Social Affairs, Czech rep, 2021). In
addition, both employers and employees say that they wish to keep
their home office work after the COVID-19 pandemic. For
example, in an opinion poll commissioned by EON and made by
YouGov, "71 percent of respondents who work from home said
they would like to continue this way of working in the future. This
number is higher compared to the beginning of the pandemic, or a
survey last May, when only 58 percent of respondents said so." A
similar survey by YouGov made in the UK showed that they "five
want to work from home full time after the pandemic.” (YouGov,
2021)

This paper aims to examine the regime for remote work, in
particular the Home Office regime, its legal definition and impact it
has on household or individual expenditures that are required to
cover superfluous costs of households or individuals rooted in it.
The rest of the paper is structured as follows. Next section provides
review of different concepts of remote work and a legal definition
of home office work regime in the Slovak republic. Section three is
first mapping non-financial effects of remote work, then financial
effects of remote work.

2. The different concepts of remote work

In different countries of the world, different labels and
definitions are used for remote work, among the most famous there
are remote work, telework, work at home, home-based work — see
Figure 4 . Sullivan defines out-of-employers’ premises work and he
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set general and project-specific definition of remote work, while in the
second case he emphasizes two decisive factors, transportation impact
on remote work and one of the most fundamental elements - the use
of ICTs. (Sullivan, 2003, p. 3-4) ILO together with Eurofoundation
state that there are two key dimensions of telework/ICT-mobile
work (T/ICTM) — workplace/mobility and intensity of use of ICT.
Based on this, the following categories of out-of-employers’
premises work are listed: 1) regular home-based telework, 2) high
mobile T/ICTM, 3) occasional T/ICTM, 4) always at employer's
premises (ILO; Eurofound, 2017, p. 14)

g Workathome oy
*Home-based work
*Regular work at home
*Occasionally work at home
*Telework from home
*Home-based telework
*Regularly telework from home
*Occasionally telework from home

mm Remote work —_—

*High-mobility remote work
* Low-mobility remote work

gL elework

*High-mobility telework
* Low-mobility remote work

Figure 4 The different concepts of remote work
Source: author’s own processing based on (ILO, 2020)

In the Slovak Republic, it was in connection with the intensive
use of work in the home office mode that the Labour Code No
311/2001 Coll. of Laws was amended on 1 March 2020. In the case
of work outside employers™ premises, regular home-based
telework, teleworking and, in addition, irregular work from home
(home office) are distinguished.

e Regular home-based telework is regulated in §52(1) to
(4) of the Labour Code and its essential feature is that it is
carried out from outside the workplace regularly, not just

occasionally.

Teleworking (high mobile/ICTM) is also set in the Labour
Code. In its features it is very similar to homework,
especially in that outside the employer's workplace it is
carried out regularly, not just occasionally. The difference
is that electronic data transmission takes place.

Home office, (occasional T/ICTM) is regulated in the
Section 54(5) of the Labour Code, but its positive legal
definition is not provided. On the contrary, it is defined
only negatively compared to regular home-based telework
and teleworking, namely what is not considered to be
regular home-based telework and teleworking even
though it is also carried out from an out-of-work premises
of employers agreed in the employment contract, usually
from home. An essential feature of the Home Office is
that outside the employer's workplace it is carried out
only occasionally or only in an emergency situation.

3. Effects of remote work
3.1 Non-financial effects

Out-of-employers® premises work convey new effects and
challenges of work, not known before. Wheatley, Hardill and
Buglass indicate effects and challenges of out-of-employers’
premises. Among them there are: career advancements, gender
dynamics, mental health, physical remote work environments,
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remote team management, remote work, resilient operations, virtual
collaboration and teams, work redesign, work, family, and identity,
work-life balance, worker well-being (Wheatley , Hardill, &
Buglass , 2021). ILO and Eurofound list several groups of effects of
T/ICTM work which require both research and the adoption of
appropriate regulations: first group, working time: working hours
and working time organization (it includes effects of T/ICTM on
work duration, effects of T/ICTM on working time organization,
effects of T/ICTM on working time autonomy), second group,
individual and organizational performance (it includes working time
flexibility and work-life balance as a means of improving
individual and organizational performance, effects of T/ICTM on
work-life balance including its gender dimension), third group,
impact of T/ICTM in occupational health and well-being (it
includes autonomy and intensity of work, ergonomics, risk
isolation, risk of the blurring of the boundary between paid work
and personal life — see Figure 5, ), and right to be disconnected.

Home-based telework ‘ High mobile T/ICTM ‘ Occasional T/ICTM ‘

Always at employer’s prem'\ses‘

Figure 5 Employees reporting working in their free time to meet work
demands daily and several times a week by type of T/ICTM and gender,
EU28 (%)

Source: (ILO; Eurofound, 2017, p. 30), (Eurofound, 2021)

Empirical literature covers several effects of remote work;
however, it does not cover financial consequences of out-of-
employers’ premises work.

3.2 Financial effects of remote work and Cclassification of
employee unpaid costs accompanying home office work mode

The Home Office differs from regular home-based teleworking
and teleworking by three characters. Firstly, it is the occasional
work from home or work from home just and only in an emergency
situation. Secondly, from a legal point of view, Home Office differs
from regular home-based teleworking and teleworking by the
agreed place of work, of which it is a compulsory and essential
particular of the employment contract, otherwise employment
contract would be legally invalid. In the case of occasional work
from home (home office) in the employment contract, the main
place of work shall indicate the place of employment in employers’
premises. Only occasionally, or in emergency situations, and in
agreement with the employer, can the employee also carry out work
from home, if the nature of the work permits. Nevertheless, the
employer must allow employee access to the workplace, employer
must provide employee with the technical means necessary for the
performance of work, he must protect personal data during
electronic data transmission, respect employees’ the right to
disconnect outside working hours, must prevent the isolation of the
employee, enable him/her to educate. Thirdly, unlike regular home-
based teleworking or teleworking, where an employee occasionally
or in an emergency situation performs work not at the place of work
specified in the employment contract, but from home, the employer
is not obliged to reimburse the employee for his home office
costs.

While for the first two categories, i.e., domestic work and
teleworking, the employer is obliged to reimburse the employee for
the costs associated with the employee working at home, in the case
of home office work, which is only occasional work from home in
the event of an emergency, the employer is obliged to reimburse the
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employee for the costs incurred by the performance of work from
home.

The third type of remote work, occasional home office work,
started to be used at the time of the COVID-19 pandemic. The
COVID-19 pandemic has required home office work in many
professions where possible.

In this section, we aim to systematically display and summarize
the costs of employees who have been working from home for 23
months during the COVID-19 pandemic, i. e. it is no longer about
fulfilling the condition of occasional work, on the contrary,
employees work long-term and regularly from home.

The costs of staff working in the Home Office during a
pandemic can be classified into several groups.

o Firstly, the electricity consumption associated with the
use of technical security, mainly computers.

Secondly, the cost of connecting a private household to a
high-performance Internet, as the performance of work in
the Home Office is carried out online in the emergency
situation of the COVID-19 pandemic, which requires high
data consumption and a sufficiently fast internet, both
telecommunications companies charge a higher monthly
amount.

A third group of costs of an employee working during the
COVID-19 pandemic in home office mode is increased
water and sewerage consumption as employee stays at
home during the whole day.

The fourth group of home office staff costs are the cost of
heat in the apartment and especially the room where the
work is carried out during working hours, since, unlike
doing work in the workplace, it can no longer regulate
daily heat consumption by dampening the heating during
its absence.

The fifth group of costs of a home office employee is
linked to the need to carry out work from the place where
the employee resides, i.e., from an apartment or house
which is his own property or he just rents it, and in doing
so he can secure an undisturbed space reserved for 8.5
hours a day to perform work.

The sixth group of costs is the cost of the equipment with
suitable furniture and its wear and tear by frequent use.

Conclusion

As has already been said, work from home which is occasional
or during an emergency (Home Office) does not impose an
obligation on the employer to reimburse the employee for the costs
incurred by the employee in connection with the performance of
work from home. Furthermore, we state and arguments in favor
of specific preferential tax treatment of wages and salaries of
employees who have been working long-term from home. Namely,
the proposal is to implementation a new tax-deductible item
applicable when determining tax base of personal income tax from
wages and salaries for employees who have been ordered to work
from home due to an emergency situation (COVID-19 pandemic).
The following are arguments that justify the proposal:

Firstly, employees of state administrations, ministries and other
central government bodies, employees of public administrations and
self-governing bodies, as well as university teachers have been
performing work home office mode for already 21 months. It is
quite clear that the work from home in Home Office mode, has lost
one of the essential elements of its legal definition - namely,
working from home during a pandemic situation is no longer of an
occasional nature, on the contrary, it is regular, and has been
changed to a 'new normal'.

Secondly, employers have ordered work from home and do not
reimburse the costs of Home Office employees, arguing that in
employment contracts with employees signed before the outbreak,
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the employer's workplace is listed as the place of work. However, in
this case the form over content is preferred.

Thirdly, employers enjoy significant savings during the long
term and regularly home office mode — less electricity consumption
associated with light and non-connection of computers, printers,
less water consumption and sewerage, lower demands on furniture
equipment and wear and tear.
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Abstract: Reverse logistics processes generate significant logistics costs if not optimized continuously and are often being undetermined.
Logistics companies emphasize the necessity for optimization and process uniformization to its highest possible extent, while disadvantages
as process duration, educated personnel, and unsatisfied consumers are reverse logistics barriers. For the paper research, the focus has
been directed to reverse logistics process analysis at the location of a supplier on the Republic of Croatia logistics market. The case study
consists of highlighting reverse logistics issues, on-site analysis, and possibilities to optimize time-consuming processes. Analysis has been
provided throughout time measurement of individual reverse logistics process with suggestions for optimization.
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relationship between the end-user and the company; adding value to
products and increasing the company's reputation related to
The paper’s focus of research is reverse logistics process — marketing [3]

analysis at the supplier’s level. Research has been modified in a
way providing operational process analysis and activities and
measuring the time duration of processes and activities. At the
observed subject, supplier’s reverse logistics processes are observed
through the interrelationships between the customer and the branch,
the branch and the supplier or LDC (logistic distribution center), the
service department and the supplier, or the LDC and the external
supplier as shown in the paper. Based on the analysis of available
data, several suggestions for improving the observed system are
given.

1. Introduction

The supply chain system includes the interaction of the involved
entities, such as customers, suppliers of raw materials and
intermediate goods, producers of final products, distributors
(wholesalers), retailers, logistics operators, carriers. This interaction
is manifested in the flow of goods, information, and financial
resources between and within individual stages of the supply chain.
The supplier is the business subject responsible for delivering the
product to the seller. He has a direct relationship with
manufacturers, wholesalers, or retailers. In other words, it connects
the market with producers. [4,5] Sustainability is the high trend at
the moment, focusing on greening, among else, logistics processes.
Supply chains of the future are transparent and environmentally
friendly while customer satisfaction is on a very high level. [6,7]

3. Methodology and collected data

Logistics market supplier’s specifications
Fig. 1 Uniformity of forwarding distribution vs. individuality of reverse

logistics processing The company included in the study is one of the leading IT

distributors and suppliers in the Croatian market. The area of

. business refers to closer neighboring countries, European Union,

By recent research [1, 2], reverse logistics processes are often  and Far Eastern countries. The number of different partners with
not satisfyingly organized. Some disadvantages that occur onbehalf  \hich the company cooperates exceeds 5,000, to which it delivers
of this, are directly connected and are influencing on company’s  more than 200,000 products every month. The total number of
profit margin. employees in the distribution center is over 500 people. The
Reverse logistics processes, always of the secondary matter company does not own its retail locations, but cooperates and
when compared to optimization of forwarding chain, often are  procures goods for many companies, while through the online
marginalized nevertheless optimization can maybe not directly gain  pjatform it provides retail and delivery services to the end customer.
your profit, but it will reduce your logistics costs. o The procurement process conducted within the organizational unit
Authors [3, 4] highlighted issues regarding reverse logistics  jn charge of the supply of goods and timely delivery to the
process optimization. Individual approach for each company, focus  appropriate place at the appropriate price mostly refers to computer
on the individuality of items in return, focus on clients, information equipment and components 59% and consumer electronics 30%.

system, reverse logistics return center, are some of the ways to gain  The rest of the business refers to computer software 8% and
reverse logistics process optimization or implementation. Each  cpildren's toys 3%.

company needs its focus on its reverse logistics business, due to the

individuality of occasions during processing returns. _ The company’s warehouse is structured as a low free-standing
Different case studies can give us detailed information on  facjlity with a ground floor and three floors to which access is
similar problems in the supply chain from a reverse logistics point  possible by freight elevators with a capacity of up to 2 tons. The
of view. Detecting similarities and analyzing your companies’ total land area is about 57,000 m2 with access to the building from
processes, can influence optimization and reduction of logistics  the south, while the total storage area is just over 25,000 square
costs. The scientific approach gives us a different perspective while  meters. The height of the storage space is up to 12 meters. LDC has
combining it with real case studies can make a significant influence. a total of 64 forklifts, most of which are motor hand pallet trucks.
.. . The warehouse is equipped with technology for tracking goods
2. Reverse logistics processing through the warehouse and is supported by its own designed WMS
(Warehouse Management System) that provides insight to
employees in 33,000 pallet places that the company owns with more
than 15,000 SKU (Stock Keeping Units).
The space intended for various reverse logistics activities covers
a total of 200 square meters and has a capacity of 40 pallet places.
Economic reasons include the benefits of the introduction such The space is divided into three sectors: inspected goods for return,
as cost reduction; reducing the number of raw materials; the better not inspected goods for return, and goods for service. The figure

In addition to handling returned items, reverse logistics, if
optimized, ensures a reduction in the cost of the entire supply chain,
leading to improved customer satisfaction, reduced investment in
resources reduced inventory and distribution costs. [3]
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below represents the layout of the warehouse included in the study
with highlighted return zone.
————— K

-ﬁng "‘f‘s;'»_ T o
Fig. 2 Return zones in warehouse included in the study

Measurements

The observed supplier in the WMS system has more than
15,000 different products. The number of pallets in the observed
period from 1°t July 2020 until 31 July 2020 is 210 pallets in
return, which means 7 pallets per day. The average number of items
per pallet was 58 items, 53% of which related to toys, 28% to
consumer electronics, and 19% to computer equipment and
components. This gives a total of 12,180 items every month of
which 6,456 are toys, 3,410 consumer electronics, and 2,314
computer equipment and components, shown in the figure below.

28%

= Computer equipment and
components

Toys

Consumer electronic

53%

Fig. 2 Return categories

To direct the return flow of goods as efficiently and accurately
as possible, the company has created several categories of returns or
types of returns:

Return type 1: the return originally packed goods

Return type 2: DOA (Dead / Defective on arrival) return of
defective goods returned by the end-user to the partner
eight days from the date of sale (contains a retail invoice),
Return type 3 return: Damaged goods (open goods,
exhibits),

Return type 4: Return of damaged goods in transport to the
customer, not picked up by the customer upon delivery.
The customer's return receipt must be made on the same
day, ie on the day of damage to the goods, or no later than
the next working day, ie twenty-four hours from the
occurrence of the damage. It is forwarded to warehouse
administrators.

Return type 5 refund: Refund due to a delivery error. This
refers to the quantitative deviation of the physically present
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in relation to the ordered goods. Also, there is a possibility
that item B was delivered instead of item A, which
constitutes non-fulfillment of the customer's order.

Return type 6: Return due to the customer's cancellation of
the purchase when delivering the shipment to his address.
Also, this category includes cases where the buyer returns
the goods due to a price error.

Return type 7: Refund due to the customer's refusal to pick
up the shipment upon delivery of the goods to his address.
Also, this type is used if the customer has canceled the
order and the goods have not yet left the warehouse.

Type 8 refund: A refund created by a service order when
the defective item cannot be repaired to the customer
within the warranty period, there is no adequate
replacement, or the customer refuses the replacement item
Return of commission goods: Reliable partners are given
goods from their own warehouse with the possibility of
returning unsold goods, ie the return of commission goods
given to the commission to individual partners is
performed. A reliable partner has its special commission
warehouse in ERP (Enterprise Resource Planning) within
the group. Commission-related refunds are reversed within
the business information system by selecting an option to a
warehouse called a commission goods to return warehouse.
Return type N: Items of private labels whose value does
not exceed 30 EUR.

Regarding packaging processing and following activities, the
packaging includes:

pallets

semi-pallets

stretch foils

cardboard boxes

Throughout the LDC area, there are compartments between the
shelves into which foil, cardboard, and paper are specially arranged.
Employees empty and take full containers of packaging to the press
machine located on the outside of the LDC near the end of business
hours. Stretch foil is not placed in the pressing machine, but a bale
is created from it, which the employee places in a special place
outside the LDC. The reason for this is the further sale of bales to
companies for the purchase of the stretch film. The rest of the
packaging is placed in a pressing machine. After the maximum
quantity is collected, the company in charge of collecting cardboard
and paper is informed. As for pallets, the company collects
damaged pallets inside the warehouse daily. Disposal is done on the
outside of the LDC. Once a sufficient number of pallets have been
accumulated, the company in charge of the collection is called.
Also, the company, in agreement with the warehouse manager,
allows all users to remove pallets if they have an adequate vehicle
for transporting pallets. This reduces the cost of transporting pallets.

The following presented data, collected during the research will
show the average duration of the return process. The average
duration of service is 6 days, which refers to the receipt of the item
in the service department, inspection, and repair of the item.

The first return process, from the branch office to the LDC /
supplier, includes the activities listed in Table 1. These include
unloading the goods in the receiving area, transporting the returns to
the unsecured return department, checking documentation, control,
sorting goods and return type corrections and processing procedures
based on the type of return. The average time of the activity of
returning the goods from the branches to the LDC or the supplier of
the observed company is a total of 124 minutes. A total of three to
four warehouse workers participate in the whole process, and with
the scope of work, their number increases. The storage unit to
which the measurements refer is one pallet in return. This does not
mean that it takes 45 minutes to unload it from the truck, but it
usually comes with other items that do not fall under the refund
status.
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Table 1. Time duration for branch returns at the supplier’s logistics
distribution center

Activity time [min]
Unloading of goods in the reception area 45:00
Transportation of returns to the documentation 01:00
erification presorting area

Documentation check 05:00
Control and sorting of goods and correction of the type 68:00
of return

Processing procedures based on the type of return 05:00
Total 124:00

The second return process, from LDC to suppliers for non-
private label items, includes the activities listed in Table 2. These
include activities between KAM (Key Account Management) and
suppliers, collection of goods for return, creation of return receipt,
control and boarding of suppliers, and conducting administration. 6
to 7 people participate in the whole process, and as the number of
work increases, their number increases. The average return activity
time from LDC to an external vendor is 87 minutes. The storage
unit to which the measurement refers is one pallet in return.

Table 2. Time duration for LDC returns to suppliers

Activity time [min]
Activities between KAM (Key Account Management) 30:00
and suppliers

Collection of goods for return 20:00
Creation of return receipt 08:00
Control and boarding of suppliers 25:00
Conducting administration 04:00
TOTAL 87:00

The third return process, from service to supplier, includes the
activities listed in Table 3. Depending on the handling of the goods
after processing, a minimum of 3 and a maximum of 5 employees
participate in the service. The unit of measurement is one pallet, and
most of the time after processing in the service it is directed to the
activity denied refund which is 6 days 1 h 9 min.

Table 3. Time duration for branch returns at the supplier’s logistics
distribution center

Reverse logistics Activity time [min]
channels
Back to the Service 6 (days)/144(h)/8640(min)
distributionchain - "o cumentation 08:00

Scanning and 05:00

positioning

Total 8653 min/ 6 days 13 min
Goods for Service 6 (days)/144(h)/8640(min)
landfilling Categorization 10:00

Documentation 08:00

Repositioning to 05:00

the warehouse on

site

Total 8663 min/ 6 days 23 min
Sale Service 6 (days)/144(h)/8640(min)

Providing new 01:00

item data

Documentation 08:00

Transport to sale 04:00

warehouse

Total 8653 min/ 6 days 13 min
Refund denied Service 6 (days)/144(h)/8640(min)

KAM contacting 07:00

KAM decision | 30:00

process

Documentation 07:00

Goods loading to | 25:00

truck

Total 8709 min/ 6 days 1 h 9 min
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4. Results and discussion

During the research of the supplier’s return process, one of the
most common problems was the return of undocumented items by
external associates or branches. Also, it often happened that the
branch sends several different items within one box, which greatly
complicates the process of determining the approved refund, the
type of refund, and further handling of items. This problem is
related to the clutter of returned goods related to improperly packed
goods, lack of parts for multi-component items, lack of instructions
for use, etc. Returned goods take up a lot of space, especially during
the summer and winter seasons when a large number of employees
go on annual vacation. Returned goods then arrive faster than
employees can process them. One of the problems is the
communication between KAM and reverse logistics employees. It
often happens that KAM incorrectly fills in the return receipt, which
is later corrected by the reverse logistics employee with the
approval of KAM or the warehouse manager. Up to half an hour of
working time is lost in this process. Also, one of the problems is not
updating the information about the taken return. In the event of this
problem, the delivery vehicle arrives at the location of the return
collection, but there is no return because it was picked up by
another delivery vehicle.

Based on the previously described problems of the observed
system, suggestions for reverse logistics process optimization is
provided for the improvement of the observed system, and this
includes:

e  Proper direction of the return of goods from branches

To solve this problem, it is stated that branch employees must
document every item they want to return to the LDC. To encourage
their work, it is proposed that the observed company gives certain
discounts on the selling price of its own products for branch
employees if the return of unapproved, improperly packaged, and
undocumented goods is set to minimal.

e  Organizing return zone

After determining the category of return, the toys should be
directed by freight elevator to the 3rd floor, where the storage space
is available, especially during the winter and summer seasons. To
move a pallet of toys, which is an average of three pallets per day
would require 1 worker to set aside an average of 9:30 minutes for
such a procedure. An elevator to move the pallets is located 10
meters from the return storage area. By the decision of the
warehouse manager, an employee would be selected to move the
pallets based on the amount of work he has that day.

e  Processing a larger number of pallets in the reverse
logistics process

In the observed period, one worker worked in the return zone
within the warehouse. His job is to physically process the goods in
return and administratively record the processing of the process. As
previously stated in the observed period, the daily average of return
pallets is 7, which gives 210 return pallets every month. The
problem arises with the activities of control and sorting of pallets,
on which the most time is lost due to clutter and oscillations in the
number of goods on the pallets. The average time required for
control and sorting is 68 minutes. The calculation concludes that
another worker is needed to successfully control and sort all
incoming pallets in return.

To reduce the problems of control and sorting, it is proposed
that when sending goods that are returned to the supplier, the
branches stack the goods in smaller packages with the item type
designation without mixing with other goods. This will eliminate
the possibility of returning half-empty boxes, and thus reduce the
time of sorting and control. This process enables the processing of a
larger number of pallets in return.

The conducted research has highlighted certain disadvantages
while processing returns in the observed company from the
Croatian logistics market. Research also takes in favor a fact that all
companies need to individually approach to solve obstacles during
reverse logistics processes.
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For further research, the same methodology should be used to
analyse different category supply chain subjects and to detect
unoptimized processing.

Companies should pay much more analytical attention to
reverse logistics processing. Suggested would influence the
visibility of each process, unnecessary activities, prolonged
activities, unnecessary documentation, and similar.

5. Conclusion

Although issues of reverse logistics are scientifically very often
a topic constantly researched, from the other side, on the logistics
market is noticed insufficient attention focused on the reverse
logistics system. Logistics companies highlight their struggle with
processing returns, concerned regarding reverse logistics costs that
are easily generating if not maintained.

The paper analyses suppliers’ reverse logistics processes,
categorization of returns, and the reverse logistics time disposition.
The main shortcomings of the reverse logistics process have been
identified and suggestions for optimizing the observed system have
been given. Some of the observed reverse logistics shortcomings at
the observed supplier are the return of undocumented items by
external collaborators, the ununiformed packaging of the items in
return, the high occupancy regarding average area per item in
return, incomplete documentation, etc.

The paper proposes solutions for the optimization of the reverse
logistics system as proposed solutions returned items processing
from branches, solutions for reserving the space intended for
managing items in return.

Proper reverse logistics system management raises the level of
business competitiveness within the entire supply chain, which
results in greater satisfaction of the end customer. Through various
case study analyses, we can detect possible limitations and
influence other supply chain subjects.
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Abstract: Protecting the environment is vital to keeping life on the planet as we know it. Climate change is a global challenge with a clear
complex nature in various aspects - environmental, social, technological, economic and political. At the international and national level,
climate change policy is implemented mainly in two directions: 1. climate change mitigation through measures and activities to reduce
greenhouse gases and 2. adaptation to the inevitable climate change by assessing risks and mitigation activities of their imp act.
Implementing these policies requires investment in new technologies and the integration of climate challenges into green sectoral policies at
national and local levels. The purpose of this report is to study the state of environmental indicators for Bulgaria and their development
dynamics over the last decade. The results reveal the sectors with the strongest influence on the ecological condition of the country and the

directions for its improvement.

Keywords: ECO-INDICATORS, CLIMAT,

1. Introduction

Modern climate models predict continued trends in global
warming in the coming decades. As a result of the continuing rise in
temperatures, extreme weather events are occurring in some regions
and rainfall is becoming more frequent, while others are exposed to
heat waves and droughts [1,2]. These impacts are expected to
intensify in the coming decades. The effects of global warming lead
to:
e  Melting polar ice and rising sea levels. When the water warms
up, it expands. This change causes sea levels to rise, resulting
in flooding and erosion of coastal and low-lying areas.
Extreme weather, variable precipitation. Heavy rains and other
extreme weather events are becoming more common. In some
regions there are floods and deterioration of water quality, and
in others - a decrease in the availability of water resources [3].
Risks to human health. Climate change is affecting human
health. There has been an increase in the number of deaths. In
some regions they are associated with high temperatures, and
in others with cold. At the same time, there are changes in the
prevalence of some water-borne diseases[4,5].
Expenditures for society and the economy. Restoring damaged
property, infrastructure and human health requires high costs
for society and the economy.
Sectors such as agriculture, forestry, energy and tourism are
particularly affected, as they rely heavily on certain
temperatures and rainfall levels[6].
Risks to wildlife. Climate change is happening so fast that
some species are disappearing and others are struggling to
survive[7]. Some plant and animal species will be at increased
risk of extinction if average global temperatures continue to
rise uncontrollably.
The degree of climate change over the next few decades
depends on the amount of greenhouse gas emissions that
civilization will produce[8,9]. Most experts believe that even if
modern global warming and related climate change have begun as a
natural process, they are strongly supported by human activities.

2. Literature review

According to the latest report of the Intergovernmental Panel on
Climate Change (IPCC), published on 9 August 2021 and approved
by 195 IPCC member states, many of the climate changes observed
are unprecedented for the last thousands, if not hundreds of
thousands of years[1,8]. The environmental problems of our society
arise as a result of human practices. In contact with nature, people
affect its condition and unfortunately worsen it. Industrial
development and population growth around the world lead to great
environmental pollution.

Numerous scientific studies show that, despite the measures
taken for the transition to sustainable development, the state of
theenvironment has deteriorated in the last few decades. This is
reflected in the exacerbation of environmental problems, including
the depletion of the earth's bowels and the depletion of non-
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renewab le resources; air, water and soil pollution; deforestation; the
expansion of desert areas; soil erosion; the reduction of drinking
water supplies; extinction of valuable animal and plant species.
Climate change, in which human activity plays a key role, is
currently considered to be the biggest environmental threat [10].
The problems it causes are a summary of fig. 1.

Global
‘Warming
Increase l

Deforestation

Air
Pollution

Acidification
~ of theocean

Extinction
of biological
species

Fig. 1. Global environmental problems as a result of climate change

Global warming. Climate change related to global warming is
the result of human practices that increase greenhouse gas
emissions. Global warming is leading to higher temperatures in
the oceans and on land, causing melting polar glaciers, rising
sea levels and unnatural patterns of precipitation such as
floods, excessive snow and desertification. With increasing
temperatures and changes in the precipitation pattern, crop
yields will be significantly reduced, and this will lead to food
shortages [2,4].

Deforestation of forests. Organic forests are being destroyed
to make room for livestock, palm oil plantations, soybeans and
other agricultural monocultures. Today, about 30% of the
planet's surface is covered with forests, and about 18 million
hectares are destroyed every year [7,10]. Almost all of this
deforestation is the result of logging and burning.

Air pollution. Industrialization and motor vehicles are the
main source of pollutants on the planet. Air pollution is caused
by various gases and toxins emitted by industry and fuel
combustion, and soil pollution is caused by industrial waste
and harmful chemicals used to treat it.

Acidification of the ocean. It is the result of the direct impact
of excessive carbon dioxide production (25% of carbon
dioxide is produced by humans) [11].

Extinction of biological species. The list of endangered
species continues to grow at an alarming rate, which disturbs
the ecological and biological balance.

Acid rain. Acid rain is the result of the presence of certain
pollutants in the atmosphere. They can be caused by burning
fuels, volcanoes or rotting vegetation [12]. This is an
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environmental problem that can have a serious effect on
human health, wildlife and aquatic species.

Water pollution. Water pollution is caused by oil spills, acid
rain and municipal waste. The availability of clean drinking
water is becoming an economic and political problem.
Industrial development fills rivers, seas and oceans with toxic
pollutants that threaten human health [13].

Public health problems. Modern environmental problems
pose a major risk to human and animal health. With increasing
temperatures diseases such as malaria, West Nile fever,
tropical fever and others. will appear in other areas. Dirty
water is a major threat to quality of life and public health.

Soil degradation. Food safety depends on keeping the soil in
good condition.

Waste disposal. Excessive consumption of resources and
disposal of plastic products are creating a global waste crisis.
This is one of the most pressing environmental problems of
modern society.

3. Methodology, research and discussions

A conceptual model for analysis of the state of eco-indicators
for Bulgaria by categories and indicators is presented in Fig.1. The
proposed model is adapted to the example of the indicators and
indicators set in the analysis structure of the 2020 Performance
Index. (EPI Environmental Performance Index). The 2020
Environmental Indicators Index (EPI) provides aggregated data on
the state of sustainability worldwide. [2,3,5] Using 32 performance
indicators in 11 categories, EPI ranks 180 countries in terms of
environmental health and ecosystem vitality.

1.

Environmental
Health

2
Ecosystem Vitality

Analysis of
ecoindicators

Fig.2 Model for analysis of eco-indicators. (Adapted from EPI)

The analysis of eco-indicators is performed in two categories -
1. Quality of the environment and 2. Vitality of ecosystems.

The first category of environmental quality covers the
indicators:
1.1. Air quality. Air pollution (indoors or outdoors) is a factor that
affects human health, life expectancy and quality of life.
Sanitation & Drinking Water - The indicator tracks diseases
and deaths from exposure to hazardous sanitation and drinking
water. Safely managed sewage (waste) and drinking water are
at the heart of public health and sustainable development [14].
Heavy Metals - Heavy metals such as lead, arsenic, mercury
and cadmium are toxic and pose a significant risk to public
health worldwide.
Waste Management - an indicator covering the problem of
sustainability. Uncontrolled waste disposal generates air and
water pollution, soil pollution and an increased risk of

12

13.

1.4.
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exposure to pathogens and toxic substances [15,16]. Poorly

managed waste also contributes to climate change by releasing

methane gases and in some circumstances can threaten

biodiversity.

In the second category of ecosystem viability, the following
indicators are monitored for analysis:
2.1. Biodiversity & Habitat. Biodiversity loss reduces the provision
of ecosystem services and undermines progress towards the
sustainable development goals. The indicator assesses the
actions of the state for the preservation of natural ecosystems
and protection of the whole spectrum of biodiversity.
Ecosystem Services. The indicator measures the loss of
pastures, wetlands and wood cover.
Fisheries. Overfishing, declining fish species diversity,
acidification of the ocean and deteriorating ecosystems
threaten the world's marine stocks [17]. With the growing food
needs of a growing population, fishing poses a significant
challenge in terms of human nutrition, economic activity and
ecosystem health.
Climate Change. Global climate change is disrupting human
health and safety, as well as the natural ecosystems and
resources on which the population depends. Climate change is
due to greenhouse gas emissions from burning fossil fuels,
land use change and other sources.
Pollution Emissions. Human activity causes pollution of air
and water and soil, damaging ecosystems in various ways. The
main air pollutants, sulfur dioxide (SO2) and nitrogen oxides
(NOX), also degrade soil and water quality [3,18] and cause a
cascade of environmental effects that reduce biodiversity,
putting human communities at risk [4,19].
Agriculture - Agriculture provides the food that everyone
needs, but agricultural productivity often comes at the expense
of sustainability - and leads to soil erosion, land use
transformation that damages ecosystems, water pollution and
other damage [5, 20].
Water Resources - Water is an essential element in providing
vital ecosystem services, ensuring public health and sustaining
global industries such as agriculture, mining, manufacturing
and urban development [21,22]. The indicator monitors the
quality and quantity of water on a geographical scale by
treating wastewater.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

The latest report of the Yale Center for Environmental Law &
Policy and The Center for International Earth Science Information
Network (CIESIN) at Columbia University's Earth Institute from
the 2020 Environmental Indicators Index ranked Bulgaria 41st with
57.0 points from 180 countries surveyed in the world.

The results show that for the last 10 years the country has added
4.2 points to its overall indicator. (Fig. 3)
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Fig. 3. Ten-year changes in EPI score, EU-27, 2020
Source: https://epi.yale .edu/epi-results/2020/country/bgr

The increase in the result is not a sufficient condition for the
country to improve its place in the ranking, on the contrary. From
the 30th position in 2018, it falls to 41 position in 2020 and remains
last among the 27 member states of the European Union. (fig. 4)
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Fig.4. Rankings, EPI scores, EU-27, 2020
Source:https://epi.yale.edu/epi-results/2020/country/bar

Comparison of the results for Bulgaria with those of the
countries of Eastern Europe is presented in fig. 5. The data show
that in most of the indicators, Bulgaria performs better than the
regional average. The biggest lag is observed in terms of air quality,
heavy metals and water resources management.
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fisheries . services

=0 v/alue, Bulgaria === Average Val ues / Eastern Europe

Fig.5. Data for Bulgaria and average values for the region of Eastern Europe
Source: https:/epi.yale edu/epi-results/2020/country/bgr

The change of investments (costs) in the country for protection
and restoration of the environment in the period 2010 - 2020 is
presented in fig. 4. The trend shows an increase in expenditures, as
by 2020, they represent 1.9% of total gross domestic product. (Fig.
6)
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Fig. 6. The change in the costs in the country for protection and
restoration of the environment
Source: NSI

The distribution of the available tangible fixed assets with
ecological purpose by ecological directions is presented in fig. 7.
The largest share is occupied by fixed assets in the direction -
wastewater (34.7%), followed by fixed assets in the direction of air
protection (30.10%) and fixed assets for waste treatment (28.8%)
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Fig. 7. Fixed tangible assets with ecological purpose by ecological
directions by 2020
Source: NSI

The distribution of costs by individual areas related to
environmental protection are presented in Fig. 8. A large share of
expenditure (nearly 63%) is incurred for waste. The share of water
protection costs is about 18% and the share of air protection costs is
about 11%. Few expenditures were made for the protection of soil
(1.10%) and forests (1.80%). The share of hunting and fishing
expenditures is the lowest (0.20%) and expenditures for research,
education and similar activities (0.10%). No costs were incurred to
prevent noise - 0%.
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Fig. 8. Allocation of expenditures for environmental protection in
Bulgaria for 2020.
Source: NSI
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Fig. 9. Sectors of impact on eco-indicators
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The analysis reveals the directions in which opportunities can
be sought to improve environmental indicators in Bulgaria. They
can be searched in the green sectors summarized in fig. 9. The
largest is green energy production, followed by green construction,
green transport, water management, land management and waste
management.

4. Conclusion

The analysis of eco-indicators is performed in two categories
Quality of the environment and Vitality of ecosystems. The first
category of environmental quality covers the indicators: air quality,
air pollution, sanitation & drinking water, heavy metals, waste
management. In the second category of ecosystem viability, the
following indicators are monitored for analysis: biodiversity &
habitat, ecosystem service, fisheries, climate change, pollution
emissions, agriculture provides, water resources.

The data show that Bulgaria ranks last in the EU 28 in terms of
the performance of eco-innovation, as the difference from the
European average (for 2021 - 121) is very large (for 2021 - 51.
After 2016, the results show a significant increase in the value of
the index of nearly 50% for the last four years.

Comparison of the results for Bulgaria with those of the
countries of Eastern Europe show that in most of the indicators,
Bulgaria performs better than the regional average. The biggest lag
is observed in terms of air quality, heavy metals and water resources
management. A large share of expenditure is incurred for waste.
The share of water protection costs is about 18% and the share of
air protection costs is about 11%. Few expenditures were made for
the protection of soil and forests. The share of hunting and fishing
expenditures is the lowest and expenditures for research, education
and similar activities. No costs were incurred to prevent noise.

The world scientific community is adamant that climate change
is a fact and the main reason is the increased levels of greenhouse
gases, mainly due to human activities. Climate change mitigation is
a process that requires a responsible attitude on the part of society
as a whole. This requires a transformation of the way it produces,
consumes and lives.

This report is funded from the Science Fund of the University of Food
Technology — Plovdiv, contract No 15 /21-H “Innovation as a strategic
factor for entrepreneurial activity in the green economy"
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Eco innovations - the foundation of sustainable regional bio-sector
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Abstract: Mankind faces a number of challenges in the 21st century. Many of them are related to the achievement of the goals and ideas
set in the concept of sustainable development of modern UN society. The bio-sector, which is developing within the borders of the Bulgarian
economy, has undergone rapid development in the last few years. Many factors have influenced this process, the most significant of which
are: increased demand for organic products in international markets, high levels of public support for this type of production and the
availability of favorable climatic conditions for their development. Innovation is the main tool for achieving competitiveness and economic
growth at all levels - enterprise, industry, region or country. They are the fundamental means of improving people's quality of life. The
purpose of this report is to present the results of a survey conducted among bio-enterprises in the regions of Bulgaria and to show that the
green innovation in the bio-sectors is the foundation for regional economic, social and environmental prosperity. The results of the study
summarize the main directions for achieving regionally balanced sustainable development.
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1. Introduction . Fig. 2. Growth of organic agricultural land 1999-2017

The 21st century has posed a number of challenges to humanity, Source: Research Institute of Organic Agriculture, FiBL, 2019
including limited resources, climate change, ecosystem degradation
and a growing population. Global extraction and use of natural . . . .
resources increased by nearly 80% between 1980 and 2020. Many ~ 'he main factors influencing this growth are related to the
companies are at risk of shortages of raw materials, instability of ~ increased demand for organic products on international markets,
valuables, supplies and high values of materials. Disposal costs ~ high levels of public support for this type of production, the
represent almost 15% of waste management costs, and landfill fees
(at European level) are increasing every year, currently ranging
between 10 and 80 EUR / tonne.

Overcoming modern challenges and meeting the goals of
sustainable development requires comprehensive changes. These 20
changes affect the development of the bio-sectors in the economy. 0 &
Resource efficiency, sustainable economic growth, environmental 139 ng’ 2‘1’0 220 Zg" 230 200| 200) 200 200| 200) 201 2‘1’1 221 Zgi 231 2g1 Zgl 231
and social justice and inclusion are an integral part of the
development and creation of future enterprises related to the
bioeconomy.

All this imposes the need to open opportunities for production
and consumption in accordance with the ecological boundaries of
our planet, economic growth compatible with environmental
protection, sustainable use of limited natural resources and
achieving a social standard of living that reduces poverty [1].

80
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40

Milion hectares

Cepual 11 15 17,3 19,9 258 30 29,2 30,2 31,5 34,5 36,3 35,7 36,7 36,8 43,1 48,8 50,5 58,8 69,8
availability of favorable climatic conditions for their development,
improving welfare of employees in the organic sectors, the desire of
the population to consume healthier products and those produced in
an environmentally sustainable way, and last but not least - the
existence of government policies that stimulate organic production
and "green" practices [1].

Overcoming these challenges requires a focus on research and 2. Literature review

innovation, to create new biomass products or new services that According to the Organization for Economic Co-operation and
help reduce climate change, waste, create new jobs and build bio-  pevelopment in Europe (OECD) Oslo Handbook (2018) for the
production that contributes to sustainable development. modern  collection and interpretation of innovation data, innovation is
soclety. defined as the introduction of a new or significantly improved

_ The bio-sector is the renewable segment building the  product (good or service) or process, a new marketing method or a
philosophy of the circular economy, which has undergone rapid  new organizational method in business practice, workplace
development in recent years. The global market for organic  grganization or external relations. This definition applies very
products is growing by  10% -15% on an annual basis  generally to innovation in the bio-sector, which is expected to have
(approximately $ 5 billion in absolute terms) and by 2020 is  two clear and significant characteristics, namely:

e Reflect the idea of reducing environmental impact, whether

150 - - .
100 549 801 845 983 this effect is pre-sought or accidental.
15,2 28,7 - .
58 — == BB . . . e Not to be limited to product, process, marketing and
organizational innovations, but also to include innovations in
1999 2004 2009 2014 2017 2019 social and institutional structures.
approaching $ 100 billion (Fig. 1). In the scientific literature, the concept of eco-innovation was
first considered by Fussler and James (1996), who defined eco-
Fig.1. Global market for organic products (USD, billion) innovation as "new products and processes that provide value to
Source: https://www.statista.com/statistics/196952/organic-food-sales- customers and businesses but significantly reduce environmental
in-the-us-since-2000/ policy"[3]. The definition of Klemmer is similar, which

complements the participants in this process. According to him,
“Eco-innovations are all measures of relevant actors (firms,
The areas occupied by organic farming (globally) are also politicians, unions, associations, churches, private households)
increasing - from 44 million ha by 2000 (nearly 1% of agricultural ~ which develop new ideas, behavior, products and processes, apply
land in the world) to 100 million ha by 2020, (Fig. 2) and the number ~ or introduce them and which contribute to a reduction of
of organic producers by 2020 exceeds 3 million, an increase of more environmental burdens or to ecologically specified sustainability
than 15 times compared to 1999. Forecasts show that by 2025 the  targets” [4].
organic market will reach 225 billion euros [2].
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The market orientation of eco-innovation is addressed in the
definitions of Andersen and Keeble et al. According to Andersen,
"Eco-innovation is an innovation which is able to attract green rent
on the market." For Keeble et al. "Sustainability-driven innovation
is the creation of new market space, product and services or
processes driven by social, environmental or sustainability
issues"[5].

In the European Commission's 2007 Competitiveness and
Innovation Framework Program, much of which is devoted to the
financing of eco-innovation, the term is defined as “any form of
innovation aimed at significant and demonstrable progress towards
the goal of sustainable development, by reducing the impact on the
environment or achieving a more efficient and responsible use of
natural resources, including energy“[6]. It emphasizes the link
between the concept of sustainable development of modern society
and the ultimate goal of eco-innovation. In the INNOVA initiative
of the European Commission, the concept is specified "Eco-
innovation is the creation of new goods, processes, systems,
services and procedures at competitive prices designed to meet
human needs and ensure a better quality of life for all with minimal
use of life-cycle natural resources (materials, including energy and
surface area) per unit of output and minimum release of toxic
substances [7]. Two main ideas are linked in this definition: First,
eco-innovation is a specific type of innovation designed not only to
create new markets or to replace obsolete ones, but mainly to meet
human needs and secondly, the environment is affected, which
depends on innovation development.

An alternative definition is proposed by Kemp and Foxon,
according to which ,,Eco-innovation is the production, application
or exploitation of a good, service, production process,
organisational structure, or management or business method that is
novel to the firm or user and which results, throughout its life cycle,
in a reduction of environmental risk, pollution and the negative
impacts of resources use (including energy use) compared to
relevant alternatives’ [8]. An analogous definition was also
proposed by the OECD in 2009. The OECD observer document
says that eco-innovation is the creation or implementation of new,
or significantly improved, products (goods and services), processes,
marketing methods, organizational structures and institutional
arrangements which - with or without intent - lead to environmental
improvements compared to relevant alternatives” [9].

According to the Environmental Technologies Action Plan
(ETAP), ,Eco-innovation is the production, application or
exploitation of a good, service, production process, organisational
structure, or management or business method that is novel to the
firm or user and which results, throughout its life cycle, in a
reduction of environmental risk, pollution and the negative impacts
of resources use (including energy use) compared to relevant
alternative [10].

According to the OSLO Manual [11], ,,Eco innovation can be
generally defined as innovation that result in the reduction of
environmental impact, no matter whether or not that effect is
intended. Various eco-innovation activities can be analysed along
three dimensions:

- Target (the focus areas of eco-innovations: products,
processes, marketing methods, organizations and institutions)

- Mechanisms (the way in which changes are made in the
targets: modification, redesign, alternatives and creation)

- Impacts (effects of eco-innovation on the environment)” [11].

All the mentioned authors conceive eco-innovation as a process
of novelty creation that should be able to lead to a more responsible
and efficient use of resources and minimise the impact of human
activity on the environment. Eco-innovation is any innovation that
reduces the use of natural resources and reduces the release of
harmful substances throughout the life cycle. Eco-innovation can be
found in all forms of new or significantly improved products,
goods, services, processes, marketing methods, organizational
structures, institutional arrangements and lifestyles and social
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behaviors that lead to environmental improvements over relevant
alternatives [12]. They involve the development and application of
new approaches to value chains of products and processes that
reduce the intensity of the use of materials and at the same time
increase the intensity of service and well-being.

To be defined as an eco-innovation, an innovation must have at
least one of the following six characteristics:

« reduction of the negative impact on the environment.

« efficient use of natural resources.

« realization of energy efficiency.

« use of renewable energy sources.

* recycling of waste and non-waste technologies.

* implementation of environmental standards.

Eco-innovations can be considered and analysed in terms
of their purpose, mechanism for implementation and impact on the
environment.

% The goal refers to the main focus of eco-innovation - new
products (both goods and services), new processes (production
method or procedure), new marketing methods (for the
promotion and pricing of products, new market-oriented
strategies, etc.), a new form of organization (such as the
governance structure and the distribution of responsibilities),
institutions (institutional agreements, social norms and cultural
values).

«+ The mechanism refers to the way in which the change in the goal
of eco-innovation is implemented or introduced. It can be
technological or non-technological. Eco-innovation in products
and processes relies mainly on technological development,
while eco-innovation in marketing, organizations and
institutions relies more on non-technological change. There are
four main mechanisms:

¢ Modification, such as minor changes to the product or process.

e Redesign, which refers to significant changes in existing
products, processes, organizational structures, etc.

o Alternatives such as the introduction of goods and services that
can meet the same functional need and exist as substitutes for
other products.

e Creation, design and introduction of completely new products,
processes, procedures, organizations and institutions.

o Impact refers to the effect that eco-innovation has on the
environment, the whole life cycle or a single area.

« Sustainable management of
natural resources;

« Climate change control;

* Improving biodiversity and
ecosystems.

(- Saving raw materials and energy
costs;

« New products and services;

« New markets;

« New business models.

N—
————

« Material security;
+ Resource justice.

SOCIAL
SPHERE

Improving the quality of
life;

« Creating sustainable jobs.

—

Fig. 3. Relationship between eco-innovation in the bio-
sector
and regional development
Source: author's interpretation
Eco-innovation is any innovation that leads to significant
progress towards the goal of sustainable development by reducing
the impact of existing production methods on the environment,
increasing the resilience of nature to environmental pressures and
achieving more efficient and responsible use of natural resources
[13]. The impact of eco-innovation in the regional bio-sector, in the
four directions - economy, ecology, social sphere and policies, are
summarized in Fig.3.

Bio-sector enterprises are an important factor in creating,
introducing and disseminating innovations in the market. This is due
to their desire to maintain and increase the innovative nature of their
products and the technologies they use for their production.
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3. Methododlogy

The analysis was prepared mainly on the basis of a survey,
discussions and interviews with experts and organic producers from
the regions of Bulgaria. Initial contact and other basic information
about all organic producers are collected from the official register of
the Ministry of Agriculture and Food of the Republic of Bulgaria -
database of producers, processors and traders of organic products
and foods produced in organic production in a way that maintains
such current database. A total of 234 organic producers from
different sectors of the bioeconomy were surveyed in the period
April-September 2021. A survey was conducted with the help of a
specially developed questionnaire and aims to collect and analyze
empirical information to explore the relationship between
innovation activity of enterprises and their economic performance
and efficiency, and to determine the impact of eco-innovation on

efficiency.

The factors that stimulate or hinder companies from developing,
creating and implementing eco-innovation are summarized in a

table. 1.

Table 1.
implementation of innovations

Incentives and limiting factors for the creation and

Stimulating factors

Obstructive factors

Economically:
* growth in the market of eco-
innovative products and services;
* access to subsidies and financial
incentives;
« availability of good business
partners.
* Existence of organizations engaged
in research and development.

Economic and financial:
« lack of financial resources for the
enterprise;
« uncertain market demand;
« uncertain return on investment;
« difficult access to public subsidies.

Politically:
* Existing or expected environmental
regulations and standards;
* Voluntary codes or agreements on
good environmental practices;
* Creation of clusters and support for
clusters.

Corporate:
« lack of qualified staff;
« lack of expert knowledge and skills;
« limited opportunities to improve
production efficiency.

Factors related to the
companies:
* Availability of information and
knowledge about technologies in the
specific field;

Others:
« Limited environmental awareness
among consumers, which leads to low
demand for eco-products.
* lack of regulatory incentives.

* Availability of good organizational
and managerial skills.

* dominance of established companies in
the market;

* poor interaction between science and
business

Bulgaria is no exception to global trends in the development
of sectors in the bioeconomy. (Fig. 4) The data on the dynamics in
their development and the change in the GVA of the country for the
period 2010-2019 are calculated according to the chain volume
index (in 2010 = 100), illustrating which bio-sectors have increased
or decreased the value during the period 2010-2019.

According to the OECD, by 2055 the bioeconomy and the bio-
sectors that develop within its borders will be the basic principle for
the development of the regions. In Fig. 4 are ranked the sectors of
the bio-iconomy, which will attract the greatest investor interest in
the next 20 years [14] (production account and generation of
income by industry) The data show that the focus will be
on developing and implementing innovative methods for the
production of renewable bio-resources in agriculture, forestry and
aquaculture, and new methods for the production of bio-products,
and biomass and bio-energy will become the main source of
industrial raw materials.
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Change in volume between 2010-2020 (%)

28,6
-8,1
-19.2 SR
25 8
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® Agruculture ¥ Fishingand aquaculture Food andbeverage

Foresty and logging = Manufacture of wood = Manufacture of paper

Fig. 4. Change in gross value added in the sectors of the bioeconomy in
Bulgaria
Data source: author's calculations (production account and income
generation by industry)

Bio-based energy and other sources of clean energy 40%

Bio-based materials for production and construction 30%

Basic needs of people 21%
19%
15%
15%
15%
14%
14%
1%

Social inequalities and opportunities

Biotechnology and bio-based innovation in industry
Agriculture and fishery

Policy, strategy, communication and cooperation
Sustainability, low-carbon and circular economy
Waste management and sidestreams

Environmental protection and climate change

il

Technology: processing, machinery 5%

4%
2%
1%

Green living spaces
No answer

Negative impact of bioeconomy

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Fig 5. Sectors of the bioeconomy with a perspective for development in
the next two decades.
Data source: author's calculations

The forecast study shows that the bio-sector needs innovation.
The role of innovation is fundamental. They are seen as the key to
success in improving environmental degradation and resource
consumption. At the same time, they are an incentive for building
entrepreneurial structures and sustainable regional growth.

4. Exploration

The survey conducted in the period April-September 2021
among companies in the bio-sector with different subject of activity
and size. It was implemented on the basis of an open and closed
questionnaire, distributed by e-mail.

A questionnaire was used to collect data from a sample of 234
enterprises, which were selected by a stratified method of random
sampling from all subsectors of the Bulgarian bio-industry. The
respondents are representatives of all major subsectors of the bio-
industry in Bulgaria and their relative shares are shown in fig. 6.

Manufacture of Cropand animal [CATEGORY
beverages production, hunting NAM E]
Manufacture of bio? 4% [PERCENTAGE]
based
pharmaceutical [CATEGORY

1 NAME]

[PERCENTAGE]

Biowaste treatment -
waste collection,
Manufacture of 19%
products
35%

GORY
NAME]
[PERCENTAGE]

Fig.6. Share of respondents from bio-sector in Bulgaria
Data source: author's calculations

In Fig. 7 reflects the ecological impact of eco-innovations
implemented by bio-enterprises on the development of the regions
in Bulgaria.
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® Reducingthenegative impact on the environment
™ Energy efficiency

Efficient use of natural resources

Use of renewable energy sources

= Waste recyclingand non-waste technologies

® Implementation of environmental standards

Fig.7.
development
Data source: author's calculations

Ecological impact of innovations on regional

In the first place, the respondents put the innovations related to
increasing the energy efficiency (28%). Innovations related to the
establishment and compliance with the Implementation of
environmental standards are ranked second (23%).

The results of the author's research were used to determine the
innovative activity of enterprises and to identify the factors
influencing it. A comparison was made between the results of the
survey and the official data of the NSI and the EU. In conclusion,
based on the analysis of the results of the survey, the following
conclusions were made:

Of all the surveyed enterprises by the survey method, about
30% are innovative. Such is the share of innovative enterprises in
Bulgaria according to official statistics. The largest number of
companies have managed to implement product innovations. There
is a tendency to increase new products.There is a decline in
organizational innovation and a significant increase in eco-
innovation.Process and marketing innovations vary up and down,
but within small limits. The strongest favorable impact on
innovation from the internal factors for the enterprise has the
presence of entrepreneurial spirit, and from the external factors - the
public innovation programs; The strongest impediment to
innovation from internal factors for the company is the lack of
qualified staff, and from external - the lack of external sources of
funding. The indicators for measuring the eco-innovation activity of
the surveyed enterprises can generally be classified as research and
development costs, applications of patents, technology
implementation, participation of skilled workers, etc. It can be
concluded that in medium-sized enterprises the highest employment
of R&D staff is observed - 50%, followed by small enterprises -
35%, in micro-enterprises the employed staff is 13%, and in large
enterprises it has the smallest share - 2%. This is most likely due to
the financial capacity of large companies to purchase licenses,
patents and know-how, as well as to use external consultants for
their innovation activities. In terms of the share of R&D
expenditure as a% of total expenditure, the survey showed that large
enterprises make the highest R&D expenditure, followed by
medium and small enterprises.

The summarized results for the whole set of surveyed
enterprises show:

During the period under review the number of eco-innovations
carried out in the surveyed enterprises is small, but with a tendency
to increase - the increase is by 57.14%. For innovations such as
"Innovative production methods that are new only to the company"
this increase is 33.33%, and doubled "Innovative production
methods that are new to the company and the industry." There is an
increase in the costs that companies spend on eco-innovation - both
total and average for a single innovation. According to the
managers interviewed, the eco-innovations carried out in their
enterprises did not have a high level, assessed as a degree of novelty
and significance of the change. Innovations such as "Innovative
production methods that are new only to the company" had a lower
level during the study period. Estimates of the level of eco-
innovation show that small, insignificant changes with a low degree
of novelty have usually taken place in enterprises. The implemented
eco-innovations have led to an increase in sales compared to the
previous year - both for the enterprises that have implemented the
innovations and on average for one innovation. These results show
that innovation through the introduction of innovative production
methods, new to the company and the industry have led to the
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largest increase in sales of enterprises. The eco-innovations that
have been implemented have had a moderately strong impact on
improving the environmental protection of enterprises. This is due
to their relatively low level and applies to both types of innovation.
The impact of the implemented eco-innovations on the reduction of
energy costs for 1st production is relatively strong. Apparently,
companies have focused mainly on the introduction of energy-
saving processes.

5. Conclusion

The advantages for the enterprises from the bio-sector as a
result of the introduction of eco-innovations are related to the
achievement of flexib le business models; higher revenues as a result
of opening new markets and customers; reducing costs by achieving
material, energy savings and increased efficiency and compliance
with regulatory requirements.

The benefits of developing and implementing eco-innovation
for the development of sustainable regions can be summarized in
the following areas:

* From an environmental point of view, the use of natural
resources is expected to be reduced and the release of harmful
substances during the life cycle of the product or service will be
limited.

* Social benefits are associated with - job creation, change in
people's behaviour and lifestyle, leading to improved quality of life
and health.

* From an economic point of view - opening new market
opportunities, higher revenues and competitive advantages for
business.

This report is funded from the Science Fund of the University of
Food Technology — Plovdiv, contract No 15 /21-H “Innovation
as a strategic factor for entrepreneurial activity in the green
economy"
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Cyber security of SCADA systems using Machine Learning

Butevski Boris, Stavrov Dushko, Ojleska Latkoska Vesna, Nadzinski Gorjan,
Faculty of Electrical Engineering and Information Technologies
Ss. Cyril and Methodius University, Skopje, North Macedonia
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Abstract - For the purposes of this paper, we built a machine learning system based for detecting and preventing sophisticated
reconnaissance cyber-attacks on a tank used for water storage and distribution using Supervisory Control and Data Acquisition (SCADA)
system. The goal of the machine learning model was to follow the packets and the traffic in Modbus communication protocol in order to
detect possible cyber-attacks. We used four supervised machine learning techniques which were: Logistic regression, Decision tree
classifier, Random forest, Naive Bayes. The performance of aforementioned machine learning models were tested from various aspects like:
feature importance, accuracy, precision, recall, false alarm rate, un-detection rate and fl-score. According to the observed results, it is
shown that the Decision tree approach delivered best performance among the considered models.

Keywords: CYBER-SECURITY; MACHINE LEARNING; SCADA SYSTEM

1. Introduction

Water distribution systems are a crucial part of urban area
infrastructure. In the past their main components were controlled
manually, but today they are automated by Supervisory Control and
Data Acquisition (SCADA) systems. These, SCADA systems in the
past were isolated and today they are often connected to the
Internet. Consequently, due to the sensitive nature of the main
components in these systems, they are vulnerable to threats,
hackings, malware etc. Generally, the SCADA systems are not
designed with an accent on their cyber-security. As a result, the
vulnerable SCADA systems are a potential source of danger for
public safety, physical disasters, leakage of secret information, and
fraud. In 2015, the United States Department of Homeland Security
(DHS) responded to 25 cyber-security incidents in the water sector
and to 46 incidents in the energy sector [1]. Comparatively, between
2014 and 2015, the reported number of water sector incidents
actually increased by 78.6% (from 14 to 25) [1]. In Israel there were
three attacks between 2019 and 2020. The first attack in 2019,
managed to change the free chlorine level of the water which ruined
the water quality in the system. In 2020, hackers managed to change
the operation point of the pumps, resulting in high pressure and
increased leakage in the system [1].

The connectivity of SCADA systems with external networks
will continue to grow in the future. As a consequence, cyber-attacks
are expected to become more advanced and sophisticated, which
will inevitably increase the risks and the need to improve security,
the need to find new modern tools and also improve the old ones.
One of the ways for improving the cyber-security of the SCADA
systems is through Machine Learning (ML). ML is known for its
strong capabilities to track behavioral changes, to analyze patterns
and to learn from them in order to prevent similar attacks in the
future. ML can make cyber-security simpler, cheaper and more
effective, only if there is a sufficient amount of data which can
effectively capture the essential dynamic of the analyzed process. In
this paper, we analyzed the network traffic in a SCADA system
designated for water storage, treatment and distribution. The goal
was to develop and implement a ML approach which will be
capable of detecting a potential cyber-attack, based on the network
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traffic in the Modbus TCP/IP protocol. The ML approach will be
established on a predefined dataset gathered from the network
traffic of the SCADA system during normal operation and when the
system is under attack [2].

2. Prerequisites and means for solving the problem

Part of a water management system which is integrated in a
larger system for water treatment and distribution is shown on
Fig.1. This system is used as a simulation platform for generating
data containing the network traffic during normal operation and
under reconnaissance attacks.
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Fig. 1 lllustration of the SCADA system [3]

Cyber-attacks often target the Modbus TCP/IP protocol, since this is
one of the most vulnerable points in the SCADA system. It can be
used as a portal to the equipment of critical importance for reliable
operation of the entire SCADA system. In order to test the security
of the Modbus TCP / IP protocol, in [4] a thorough examination of
potential points of attack was performed on water management and
control system. The research led to the conclusion that the attacker
can achieve their malicious goals if they acquire sufficient
knowledge about the system in order to change the actuator
commands or sensor readings. In other words, in order to attack the
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SCADA system’s integral parts, the first thing the attacker should
do is to acquire enough information about the system. This type of
attack is known as a reconnaissance attack [5]. In this paper, we
will use ML algorithms that detect such sophisticated
reconnaissance attacks. Usually, hackers use scanning tools to scan
the network topology and identify all devices connected to it, as
well as their vulnerabilities. On Fig. 1, the vulnerabilities and
potential places of attack are shown with dashed lines [3]. There are
many variants of reconnaissance attacks. The simplest among them
are the ones that do scanning of the communication network by
sending a large amount of packets per second to the target device
via Modbus TCP and wait for an acknowledgment. If they get an
affirmative acknowledgment, it means that the targeted host or
device is active and an attack can be carried out. However, these
attacks are easily detected by the firewall, since they create an
abnormal variation in the network traffic [3].

Packets/sec

400

Fig. 2 Network traffic obtained under easy-to-detect attacks [3]

Fig. 2 shows an example of the behavior of network traffic obtained
in [2] using scanning tools.

Normal Traffic
(Modbus)

Normal Traffic
(Modbus)

Packet/(sec)

Anomolous Traffic
(Modbus)

n
100

Time (s)

Fig. 3 Network traffic obtained under difficult-to-detect attacks [3]

Among the different types of cyber-attacks, there are some that are
capable of masking their activity by not disturbing the normal
behavior of the communication network (see Fig. 3) [3].

In this paper, we used different ML algorithms to detect such
difficult-to-detect attacks. The performances of the ML algorithms
were tested on a dataset given in [3], which was acquired during the
normal behavior of the network and during an attack. The dataset
contains 7,037,983 samples which are characterized by 6 features.
The features and their descriptions are:

e Source Port (Sport) — The port number of the source,

e  Total Packets (TotPkts) - Total transaction packet count,
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Total Bytes (TotBytes) - Total transaction bytes,

Source packets (SrcPkts) - Source/Destination packet
count,

Destination Packets (DstPkts) - Destination/Source packet
count,

Source Bytes (SrcBytes) - Source/Destination transaction
bytes.

The data in the dataset is distributed such that, 95% of the data
belongs to the class of the normal traffic and 5% percent of the data
belongs to the class of the anomalous traffic. On Fig. 4, the pie chart
of the class distribution is given.

N |
lormal 95%

5%
Anomalous

Fig. 4 Pie chart of the class distribution

3. Detection of cyber-attacks by ML methods

We used four supervised (Logistic regression, Decision tree,
Random forest and Naive Bayes) ML algorithms. The dataset was
split in 80/20 ratio for training and testing data. To prevent
overfitting while tuning the parameters, we did 5-fold cross-
validation. The effectiveness of each ML algorithm was evaluated
by the following performance measures: accuracy, false alarm rate,
un-detection rate and f1-score.

3.1 Performance metrics

The models are evaluated by using a confusion matrix, which is
defined as given in Table 1,

Table 1: Confusion matrix

Predicted 0 Predicted 1

True Negative (TN) False Positive (FP)
False Negative (FN) | True Positive (TP)

Actual 0
Actual 1

where each of the terms in the table has the following meaning:

True Negative (TN) — Normal traffic correctly classified
as a normal traffic,

False Positive (FP) — Normal traffic misclassified as an
anomalous traffic,

False Negative (FN) — Anomalous traffic misclassified as
a normal traffic,

True Positive (TP) — Anomalous traffic correctly
classified as an anomalous traffic.

The second metric that we used, is the accuracy metric.
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It is defined by equation (1). This metric gives a percentage number
which describes the ratio of the number of correctly predicted
classes over the total number of predictions.

TP + TN

= 1
T TN+ P v <00 @

Accuracy [%)]

The false alarm rate gives the percentage of normal samples (not an
attack) misclassified as abnormal (as an attack) .

False alarm rate [%] = x 100 (2)

FP+TN
The un-detection rate gives the percentage of how many attacks are
not detected by the model.

Un — Detection rate [%] = 100 ©)]

F
—_— X
FN +TP
Precision quantifies the number of positive class predictions that
actually belong to the positive class (the class of the attacks) .

Precision [%] = x 100 4)

TP
TP + FP
Recall quantifies the number of positive class predictions made out
of all positive examples in the dataset.

Recall [%] = x 100 (5)

TP+ FN

Combining the Precision and Recall values we can define the F1
score which is defined as the harmonic mean between Precision and
Recall. It is often used in problems with imbalanced classes.

Precision X Recall

F1[%] =2 x 100 (6)

X
Precision + Recall

3.2 Logistic regression

Logistic regression is a ML model mostly used for binary
classifications. It takes a linear equation as input and uses a logistic
(sigmoid) function to make a binary classification. For further
information on this algorithm see reference [6]. The confusion
matrix for this algorithm is given with the following matrix:

1325283 1396
431 804871

True Negatives
False Negatives

False Positives]
True Positives

From the confusion matrix we can see that Logistic regression
model out of 1,326,679 samples of normal traffic, it classified well
1,325,283 samples, and misclassified 1,396 (false alarms).
Furthermore, the Logistic regression model failed to properly
classify 431 samples of anomalous traffic.

3.3 Random forest

The Random forest algorithm is a classification and regression
method that works on the principle of constructing a set of Decision
trees. When applied to classification problems, Random forests
apply a majority voting process and receive a vote from each

constructed tree and the determination of the final classifier is based
on a majority vote. For further information on this algorithm see
reference [7]. The input parameters used to train the Random forest
model are shown below:

e n_estimators = 200

e  criterion = ‘entropy’

e max_depth=6

e min_samples_leaf = default =1
e max_ features = ‘auto’

The confusion matrix for this algorithm is given below:

True Negatives

False Positives] _ [1326519 160
False Negatives - 2

True Positives 80916/

If we observe the confusion matrix we can clearly see that the
Random forest algorithm failed to detect only 2 attacks out of
80,918. Also, the number of False Positives is very low, 160 in
total.

3.4 Naive Bayes

The Naive Bayes classifier is a simple probability classifier
based on the use of the Bayes theorem with strong naive
assumptions about independence of the input variables. For further
information on this algorithm see reference [8]. One caveat related
to this algorithm is that the input parameters must be standardized
in the interval [0,1], before its implementation. The confusion
matrix for this model is given below:

True Negatives

6546 ]
False Negatives '

407 80511

False Positives] 11320133
True Positives

According to the confusion matrix, even though it has similar
number of False Negatives as the Logistic regression model, this
algorithm is worse than the previously observed models, because of
the high number of False Positives (6,546).

3.5 Decision tree

Decision trees are a hierarchical data structure that processes
data through a 'divide and conquer' strategy. It is a tree-like model
of decisions and their possible consequences. This method is one of
the most powerful and popular tools for classification and
prediction. For further information on this algorithm see reference

[9].

We used the following parameters for training the Decision tree
model:

e  criterion = ‘entropy’

e max_depth=6

e min_samples_split = default = 2
e min_samples_leaf = default = 1
e  max_features = default = None

The confusion matrix for this model is given below:

True Negatives

False Positives] _ [1326667 12 ]
False Negatives - 0 '

True Positives 80918
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The confusion matrix clearly indicates that the Decision tree
algorithm detects all the attacks, which are 80,918 in total. The
interesting fact is that this algorithm detects only 12 False Positives.
This means that out of 1,326,679 normal traffic samples, the model
misclassified only 12 samples. Analyzing closely those 12
misclassified samples, we came to the conclusion that 11 of them
have the same characteristics, i.e. they are identical, which partially
explains the cause of the misclassification.

4. Feature importance

Feature importance is a methodology of scoring and ranking
the features based on their usefulness in predicting the output
variable. The information about feature importance improves the
predictive power of the algorithm and its efficiency. The features
for training of the algorithm were assumed to be the same as in the
paper [2]. In this paper, we sort the features by their importance for
each algorithm to get a better insight into the nature of the problem
and the influence of the features.

TotBytes -

SrcPkts

Sport

Feature names

DstPkts

TotPkts

0.005 0.010 0.015 0.020

Importances

0.000

Fig. 5 Feature importance for Logistic regression model

Fig. 4 shows the feature importance for the Logistic regression
model and we can see that ‘Source Bytes’ is the most important
feature. With the exception of ‘Total Bytes’ all other features have
very low importance.

Sport
TotBytes

SrcPkts

Feature names

TotPkts

DstPkts

0.0 0.2 0.4 0.6 0.8
Importances

Fig. 6 Feature importance for Decision tree model

On Fig. 5, we can see the feature importance for the Decision tree
model. ‘Source Bytes’ is again the most useful feature when it
comes to predicting the output variable and its importance is way
higher than its importance in the Logistic regression model. Fig. 6
shows the feature importance for the Random forest model.

SrcBytes

TotBytes

SrcPkts

TotPkts

Feature names

DstPkts
Sport
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Importances

Fig. 7 Feature importance for Random forest model

It is noticeable that the importance is here more uniformly
distributed among the features, but ‘Source Bytes’ is the most
important feature again.

TotPkts
SrcBytes
SrcPkts

DstPkts

Feature names

TotBytes

Sport

0.00 0.01 0.02 0.03 0.04 0.05
Importances

Fig. 8 Feature importance for Naive Bayes model

Fig. 7 illustrates the feature importance for the Naive Bayes model.
It is noticeable that three features have almost equal importance in
predicting the output, but unlike the previous models, here we can
see that ‘Total Packets’ is the feature with the greatest importance.

5. Results

In this section we will compare the scores of each algorithm
according to the aforementioned evaluation metrics. The
comparison will be done based on the bar charts containing the
numerical values of the separate evaluation metrics, achieved by
each algorithm.

5.1 Accuracy

Fig. 8 illustrates the graph for the accuracy. Random forest,
Logistic regression and Decision tree have the highest scores, but
Decision tree is the best among the considered models. This metric
is not very relevant in the classification problem we are dealing
with, because the analyzed dataset has unbalanced distribution of
the classes, where as shown in Fig. 4, the class of normal traffic is
way larger than the class of anomalous traffic. Therefore we will
use additional evaluation metrics to compare the models.
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Fig. 9 Accuracy scores for the examined algorithms

5.2 False alarm rate

The next evaluation metric that we used is the false alarm rate
metric, which defines the percentage of normal traffic samples
incorrectly classified as abnormal traffic. The lower the value of
this metric, the better the model. On Fig. 9, the graph for the false
alarm metric is shown.

False alarm rate [%]
(lower is better)

0.8

08 0.49%

04

02 0.11%

0.01%

Random Forest

0.00%

00 Loaistic Rearession Decision Tree Naive Baves

Fig. 10 False alarm rate scores for the examined algorithms

In datasets that have unbalanced classes, in which one class is
dominant to another, it is expected the false alarm rate to be low, as
a result of the model’s bias towards the dominant class. From Fig.
10 we can see that the Decision tree model has the lowest false
alarm rate because of its 12 false positive elements in the confusion
matrix, while the worst model according to this metric is Naive
Bayes with 0.48%.

5.3 Un-detection rate

The un-detection rate metric, gives us the percentage of anomalous
traffic that is incorrectly classified as a normal traffic. This metric is
more critical than the false alarm rate because it represents the
number of un-detected attacks that can harm the system. The lower
the value of this metric, the better the model. On Fig. 10, we can see
the bar chart for this metric. Decision tree had 0 false negatives and
Random forest had only 2 which makes them by far the best models
appropriate to be used as a defensive mechanism against
reconnaissance attacks.
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Loaistic Rearession Decision Tree Random Forest Naive Baves

Fig. 11 Un-detection rate scores for the examined algorithms
5.4 F1 —score

F1 — score is a relatively good metric for datasets with unbalanced

classes. On Fig. 11, the bar chart for this metric is shown.
According to this metric all models have excellent scores. Yet
again, Random forest and Decision tree models have achieved best
results. Comparing these two among them, it is clear that the
Decision tree model beats the result of the Random forest model by
a very tiny margin.

98.88% 99.99%

0 Logistic Regression Decision Tree

100

95.86%

Naive Bayes

Random Forest
Fig. 12 F1 - scores for the examined algorithms

6. Conclusion

The goal in this paper was to design a ML approach that will be
capable of detecting potential attacks in Modbus TCP/IP
communication protocol of the SCADA system for treatment and
distribution of water. For that purpose, four supervised ML
algorithms were used. The supervised algorithms were: Logistic
regression, Decision tree, Random forest and Naive Bayes. Using
various performance indexes we quantified the classification
capabilities of each ML model to detect anomalous behavior in the
network traffic. Analyzing the values of these performance metrics
we came to the conclusion that the best ML models among the
analyzed are Decision tree and Random forest. Relative to the other
algorithms, they showed superior performance. In conclusion, ML
is capable of scanning large amounts of data, applying statistical
analysis to them, discovering patterns among the data, and is being
able to detect unusual anomalous behavior in the system in a
relatively short time.
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Abstract: The Report considers the issues of organization, composition of technical and informational equipment for minimally invasive
methods of surgical treatment of chronic subdural hematoma of the brain. An innovation is the introduction of information support into the
operation process and the use of online 3D-computer and spatial models with original software of both the operating area and the
hematoma itself. The report discusses various approaches to the technical and informational equipment of minimally invasive techniques for

conducting neurosurgical operations.

OBJECTIVE:.

To clarify the effectiveness of 3D modeling at various stages of
minimally invasive surgical treatment of traumatic chronic subdural
hematomas (CSH).

MATERIAL AND METODS:

Since 2007, 34 patients with CSH requiring surgical treatment have
been operated on at the  neurosurgery clinic of INN, using
endoscopic assistance and minimally invasive access. In all cases, at
least 3 weeks elapsed from the moment of injury to the operation.
The initial state of patients before surgery was 7-15 points on the
Glasgow Coma Scale (GCS), the volume of hematomas was from
80 to 130 cm3, the displacement of the midline structures was 2—14
mm.

In the course of the research, the possibilities of modern computer
information technologies (I1T) were used. For this purpose, with the
aim of convenient practical use of preoperative CT of the brain in
the process of surgical treatment, additional mathematical and
informational methods were used to process the computer data of
CT. The result of this approach was the creation of a 3D computer
model of CSH with its subsequent printing on a 3D printer, which is
used when planning the surgical access performed through the
trephination hole in the projection of the maximum visualization of
the CSH cavity.

In addition, with direct resection and elimination of CSH, the
surgeon could visually use a 3-dimensional computer on-line model
of the operating field with a hematoma located on it.

Aspiration and hemostasis were performed under the control of 0 °©
—30 ° rigid endoscopic optics (Karl Storz, Germany) using soft
transparent catheters and flexible electrodes. At the end, closed
passive outflow drainage was installed for 24-48 hours.
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RESULTS:

The completeness of emptying the CSH was assessed
intraoperatively endoscopically, and in dynamics, using CT / MRI
imaging (1-3 times / day and according to indications). In 80.3% of
cases, hematomas were emptied totally, in 13.0% more than 80% of
the initial volume were removed, in other cases about 75% of the
CSH volume was emptied.

The study recorded 1 death (against the background of developed
coagulopathy), which amounted to 3.1% in the study group.
Minimization of surgical access and 3D modeling led to a faster
regression of neurological deficit and a decrease in cognitive
impairment in the postoperative period. There were no
complications in wound healing; postoperative hematomas were in
3.1% of cases.

CONCLUSIONS:

Preoperative 3D modeling and endoscopic inspection for minimally
invasive removal of CSH provide:

* clear visualization of the area of intervention;

« atraumatic and radical removal of CSG contents;

* adequate hemostasis while minimizing the surgical wound;

« reduces cosmetic defect;

* reduces the period of hospitalization- offers a better medico-
financial

balance.
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