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Basic use of OpenWeatherMap for an IoT system with Sigfox 

 

Takeshi Tanaka1, Satoru Tada1, Masayuki Yamauchi1, Koji Kakugawa1, and Katia Vutova2 

Hiroshima Institute of Technology - Hiroshima, Japan1 

Institute of Electronics, Bulgarian Academy of Sciences - Sofia, Bulgaria2 

tanaka@cc.it-hiroshima.ac.jp 

 

Abstract: Using the Sigfox network, one of LPWA (Low Power Wide Area), and the Internet, we developed a temperature, humidity, pressure, 

and Internet of Things devices with different sensors to measure various physical data. It is much simpler to work with weather data when using 

OpenWeatherMap’s widely recognizable weather products. In this study, OpenWeatherMap's meteorological data were captured every 15 

minutes using are Sigfox communication, which is one of LPWA. These data were transferred to ThingSpeak using MATLAB analysis and time 

control of ThingSpeak. 

Keywords: OPENWEATHERMAP, INTERNET OF THINGS, SIGFOX, MATLAB/SIMULINK, THINGSPEAK, LPWA (LOW POWER WIDE 

AREA) 

 

1. Introduction 

Knowledge and information have not yet been exchanged in the 

information society (Society 4.0), and issues resulting from a lack of 

inter-disciplinary cooperation have arisen. 

Society realized that Society 5.0 would involve all people and 

things being connected by the Internet of Things (IoT), allowing the 

sharing of various knowledge and information. 

Against this background, using the Sigfox network and the 

Internet, we developed Internet-of-Things devices equipped with 

temperature, humidity, barometric pressure, and different sensors to 

measure different physical data [1-5]. 

OpenWeatherMap is providing highly recognizable weather 

products that make working with weather data easier. 

OpenWeatherMap works with millions of developers around a clock 

and believes that these benefits might be suitable for most 

applications, up to the complex enterprise systems. 1) A spectrum of 

ready-to-use weather products 2)Short-term and long-term forecasts, 

history, and observation 3) Any location on the globe 4) Transparent 

pricing and licensing. 

  In this study, OpenWeatherMap's meteorological data were 

captured every 15 minutes using Sigfox communication, which is 

one of LPWA. The MATLAB analysis and time control of 

ThingSpeak were used to transport these data to the platform. 

 

 

2. OpenWeatherMap [6] 

2.1. Weather data in a fast and easy-to-use way 

We offer widely recognized weather solutions that significantly 

simplify working with weather data. We collaborate with millions of 

developers around a clock and believe that these benefits might be 

appropriate for most applications, up to the complex enterprise 

systems. 

 A spectrum of ready-to-use weather products 

 Short-term and long-term forecasts, history, and 

observation 

 Any location on the globe 

 Transparent pricing and licensing 

 

 

2.2. Weather API 

Please, sign up to use our fast and easy-to-work weather APIs. 

We advise using our One Call API 3.0 as a starting point for using 

OpenWeather products. Please have a look at our items, which are 

part of professional collections, for greater functionality. 

 

2.3. Case of Hatsukaichi, JP 

We accessed the home page of OpenWeatherMap and obtained 

the weather data of Hatsukaichi City, and the results are depicted in 

Fig.1-3. 
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Fig. 1 Hatsukaichi city weather data (temperature, humidity, air pressure, 

wind speed, etc.). 

 

Fig. 2 Hourly weather forecast for Hatsukaichi (temperature, humidity, 

cloud conditions, etc.). 

 

Fig. 3 Eight-day weather forecast for Hatsukaichi City (temperature, 

humidity, cloud conditions, etc.). 

Next, the weather data obtained in json type using the weather 

API (reference 2.B Weather API) is shown below. 

{"coord":{"lon":132.3333,"lat":34.35},"weather":[{"id":801,"m

ain":"Clouds","description":"few 

clouds","icon":"02n"}],"base":"stations","main":{"temp":275.12,"fe

els_like":271.87,"temp_min":275.12,"temp_max":275.12,"pressure"

:1019,"humidity":80,"sea_level":1019,"grnd_level":1019},"visibilit

y":10000,"wind":{"speed":3.18,"deg":284,"gust":7.09},"clouds":{"a

ll":21},"dt":1675001453,"sys":{"type":1,"id":8029,"country":"JP","

sunrise":1674943852,"sunset":1674981373},"timezone":32400,"id"

:1863018,"name":"Hatsukaichi","cod":200} 

 

 

3. MATLAB/Simulink and ThingSpeak 

  ThingSpeak (see Fig. 4) is an IoT analytics platform service 

that allows you to aggregate, visualize and analyze live data streams 

in the cloud. Data sent by your devices to ThingSpeak is instantly 

visualized by ThingSpeak. With the ability to execute MATLAB 

code in ThingSpeak, you can perform online analysis and processing 

of the data as it comes in. IoT systems that need analytics are 

frequently prototyped as proof of concept using ThingSpeak[7]. 

 

Fig. 4 Overview of IoT devices, ThingSpeak, and MATLAB [7]. 

  The channel setting of ThingSpeak at the time of data transfer 

is shown in Fig. 5. 

 

Fig. 5 Channel setting of ThingSpeak. 

 

3.1. MATLAB Analysis App [8] 

Explore data collected in a channel or scraped from a website 

 Find and remove bad data 

 Convert data to different units 

 Calculate new data 

 Build data models 

You can incorporate features from any of the licensed MATLAB 

Toolboxes offered by ThingSpeak in your analysis code (see Fig. 6). 

You can publish data after analysis to share your findings with others. 
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Fig. 6 MATLAB Analysis of ThingSpeak. 

3.2. Time Control[9] 

TimeControl works with other ThingSpeak apps to act at a 

specific time or on a regular schedule. You can use TimeControl 

with: 

 ThingHTTP to communicate with devices, websites, or 

web services 

 ThingTweet to send alerts via Twitter® 

 TalkBack to queue up commands for a device 

For instance, you can make a ThingHTTP request that calls 

someone through Twilio®, controls a device, or connects to a 

thermostat that accepts HTTP requests. 

Next, the time to operate MATLAB analysis was controlled using 

TimeControl (see Fig. 7). Since the Sigfox data transfer interval is 15 

minutes, 15 minutes is chosen as the repetition time for doing 

MATLAB analysis using TimeControl. 

 

Fig. 7 An example of setting the Time Control of ThingSpeak. 

 

4. Graph OpenWeatherMap data using 

MATLAB/Simulink and ThingSpeak 

The data in json format collected from the OpenWeatherMap 

homepage using the API was used to graph the weather data using 

Thingspeak's MATLAB analysis and time control. 

As examples of meteorological data, temperature data is 

illustrated in Fig. 8, humidity data in Fig. 9, atmospheric pressure 

data in Fig. 10, cloud ratio in Fig. 11, and wind speed in Fig.12. 

 

Fig. 8 Temperature in Hatsukaichi. 

 

Fig. 9 Humidity in Hatsukaichi. 

 

Fig. 10 Pressure in Hatsukaichi. 

 

Fig. 11 Clouds (%) in Hatsukaichi. 
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Fig. 12 Wind speed (m/s) in Hatsukaichi. 

 

5. Summary 

Using the Sigfox network, one of low power wide area, and the 

Internet, we developed temperature, humidity, pressure, and IoT 

devices with various sensors to measure different physical data. 

Highly identifiable weather products from OpenWeatherMap make it 

much simpler to work with weather data. 

OpenWeatherMap's meteorological data in json format obtained 

from the OpenWeatherMap homepage using the API was used to 

graph the weather data utilizing Thingspeak’s MATLAB analysis 

and time control. 
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Composite graphene/nanocarbons prepared by one-step reduction reaction 
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Institute of Optical Materials and Technologies, Bulgarian Academy of Science, bl. 109 “Acad. G. Bonchev” Str., 1113 Sofia, Bulgaria1  

Institute of Nanoscience and Nanotechnology, National Centre for Scientific Research “Demokritos”, 15341 Athens, Greece2 

Institute of Solid State Physics, Bulgarian Academy of Science, 72 Tzarigradsko Chaussee Blvd, 1784 Sofia, Bulgaria3  

n.todorova@inn.demokritos.gr 

 

Abstract: Nowadays, the decrease of CO2 concentration in the atmosphere and/or its utilization need urgent resolution. At the same time, 

preparation of advanced graphene-based composites through effective environmentally benign procedures remains in the focus of intensive 

research. In the present work, composites consisted of reduced graphene oxide and nanocarbons (rGO/nC) were prepared by simultaneous 

reduction reaction of solid graphite oxide and CO2 gas over alkaline earth reductant. The structure and the morphology of the prepared 

composite material were examined employing X-ray diffraction analysis and scanning electron microscopy. It was revealed that the 

characteristic narrow peak of the graphite oxide (GtO) at low 2θ (~11o) was not present in the pattern of the composite suggesting its 

successful reduction. Instead, a broad one positioned at 26o was recorded which was attributed to the formed nanocarbons.  The observed 

accordion-like morphologies typical for reduced-graphene-oxide type of graphene evidenced the detachment of the graphene layers during 

the thermal treatment, while the formed nanocarbons were with irregular shape. The rGO/nC composite exhibited specific surface area (485 

m2/g) higher than the pure nanocarbons (417 m2/g) obtained without addition of GtO. The outcome was attributed to the influence of the 

layered rGO which hinders the aggregation of the nanocarbons and facilitates their homogeneous distribution. The prepared composite can 

be considered as candidates for gas and energy storage applications, while the suggested environmentally benign preparation method can be 

scaled up to industrial extent due to simplicity.   

Keywords: 2D COMPOSITES, REDUCED GRAPHENE OXIDE, NANOCARBONS, CO2  

 

1. Introduction 

The development of graphene-containing composite materials 

remains in the focus of the research community due to the 

constantly increasing variety of application of this type of materials, 

but also due to the search for effective, scalable methods for their 

preparation [1, 2]. Graphene in the form of reduced graphene oxide 

(rGO) is often coupled with other carbonaceous materials such as 

carbon nanotubes, activated carbon, etc. in order functional 

properties like conductivity, specific surface area, stability etc. to be 

further improved.  The main approaches for composite preparation 

are in situ synthesis of the second component in presence of rGO, as 

well as simultaneous decoration and reduction of the parent graphite 

oxide (GtO). Methods such as chemical reduction with suitable 

substances and thermal reduction in various gas or vacuum 

atmosphere, as well as combination of them are among the most 

used [3, 4].  

On the other hand, the high concentration of greenhouse gases 

in the atmosphere, especially the CO2 pollutant, needs to be 

urgently tackled. Metallothermic reduction of CO2 to carbon 

nanostructures is one of the used methods which employs alkaline 

earth elements usually Mg as reductant [5]. Various modifications 

of the Mg and CO2 precursors have been reported such as using 

additions of other metals like Zn and Ca to facilitate the CO2 

reduction [6], [7], but also using other substances for example 

silica, instead of the CO2 in order to be reduced by the Mg under 

inert atmosphere [8]. 

In the present work, solid graphite oxide was added to Mg in 

order to be reduced by the metal along with the flowing CO2 gas, 

aiming at preparation of composite rGO/nanocarbons in one-step 

GtO and CO2 reduction reaction. The structural and morphological 

properties of the composite material were investigated in 

comparison with pure nanocarbons prepared in absence of GtO. 

2. Experimental 

2.1. Synthesis of the materials 

The initial free-standing paper-like graphite oxide was prepared 

by oxidation of natural graphite applying a modified Hummers 

method as described in [9]. Then, the GtO was subjected to 

metallothermic treatment in CO2 flow at conditions similar to those 

in [10]. In this experiment, a mixture of GtO and Mg powder in 

ratio 1:5 was placed in tube furnace onto an alumina scaffold and 

cured at 675 oC for 1 h under CO2 flow. The heating up to the target 

temperature and the natural cooling after the reaction were 

performed under Ar flow. Subsequently, the obtained powder was 

treated in boiling 3M HCl for 1 h under reflux and washed 

/centrifuged with deionized water until pH 7 in order the co-product 

MgO and the unreacted Mg to be removed. Finally, the solid 

material was dried at 80 oC overnight, collected and nominated as 

rGO/nC. For reference purpose, pure nanocarbons were prepared at 

the same conditions without addition of GtO which were named nC. 

2.2. Characterization 

The crystalline structure of the prepared pure and composite 

materials were investigated through XRD analysis employing 

Siemens D500 instrument with CuKa radiation source. The patterns 

were recorded in the 2θ range 2 - 70o with velocity 0.03o/2 s. SEM 

analysis was performed using FEI Inspect electron microscope with 

tungsten filament operating at 25 kV. The porosity of the materials 

was investigated using Quantachrome Autosorb-iQ instrument. 

Prior measurement, the samples were degased at 120 oC for 12 h. 

The Brunauer-Emmett-Teller (BET) specific surface area and the 

total pore volume were determined from the liquid N2 adsorption 

isotherms, while the pore size distribution was received from the 

desorption branch of the isotherms applying BJH analysis. 

3. Results and discussion 

The XRD patterns of the initial GtO, the intermediate rGO/nc 

before the acid treatment and washing, as well as the final pure nC 

and rGO/nC are presented in Fig. 1 and 2.  
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Fig. 1 XRD patterns of the initial graphite oxide (GtO) and the composite 

rGO/nC.before the acid treatment. 
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It is evident that the narrow peak of the GtO at low 2θ ~11o is not 

present in the pattern of the intermediate (Fig. 1) and the final 

composite (Fig. 2). This outcome indicates that the initial GtO was 

either delaminated/reduced to rGO or its content in the composite is 

below the detection limit of the technique. Also, the well-defined 

peaks of MgO and Mg recorded for the intermediate composite 

were not present in the patterns of the final rGO/nC and pure nC, 

evidencing their successful removal by the acid treatment. Instead, a 

broad peak positioned at ~26o was recorded which was attributed to 

the (002) diffraction line of the formed nanocarbons [5]. 
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Fig. 2 XRD patterns of the final pure nanocarbons (nC) and composite 
material (rGO/nC). 

The results from the SEM analysis presented in Fig. 3 and 4 are in 

good accordance with the XRD results. Specifically, from Fig. 3 it 

is evident that the stacked layers of the GtO (a and b) were detached 

after the metallothermic treatment resulting in accordion-like 

network (c and d) that is typical for thermally reduced graphene 

oxide [11]. The irregular aggregates in these images are attributed 

to carbon nanostructures together with the co-product MgO and 

non-reacted Mg.  

a b

c d
 

Fig. 3 SEM images of the initial graphite oxide (a, b) and the composite 
rGO/nC before acid treatment and washing (c, d). 

 

In Fig. 4, SEM images of the composite rGO/nC and pure nC 

after the acid treatment and washing are given. For the composite, 

two types of morphologies, i.e. thin packs of layers and particles’ 

aggregates can be observed, while for the pure nC only the second 

type is present. It can be expected that the rGO sheets will influence 

the porosity acting as a support for the in-situ formed nanocarbons. 

The fact that the rGO layers in the sample after the acid treatment 

(Fig. 4 a and b) appear more detached in comparison to those before 

the treatment (Fig. 3 c and d) can be related to the influence of the 

hot HCl which reacts with the MgO and Mg and contribute to the 

rGO delamination and nanocarbons dispersion. 

a b

c d
 

Fig. 4 SEM images of the final composite rGO/nC (a, b) the pure 
nanocarbons (c, d).  

 

The performed liquid N2 adsorption-desorption measurements 

verified the increase in the porosity of the composite rGO/nC in 

comparison to the initial GtO and pure nC sample. The isotherms 

and pore size distribution for the samples are presented in Fig. 4.  
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Fig. 5 Liquid N2 absorption-desorption isotherms and the pore size 

distribution plots of the initial graphite oxide (GtO), the pure nanocarbons 

(nC) and the composite rGO/nC. 

 

The absorption branches can be categorized as type II and IV 

typical for makro- and mesoporous solids. The hysteresis loop 

formed due to different behavior in adsorption and desorption at the 
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same pressure P/P0 matches H3 type, which is characteristic for 

materials consisted of aggregates from non-uniform particles 

forming slit shaped pores [12].  The hysteresis is more prominent in 

the case of the composite rGO/nC that can be attributed to the 

presence of the rGO component with 2D layered structure.  The 

initial GtO material appeared non-porous with very low specific 

surface area (Table 1).  

Table 1: The BET specific surface area (SSABET), total pore volume (TPV) 

and main pores’ diameter (MPD) of the prepared materials 

 

 
Initial GtO Pure nanocarbons Composite rGO/nC 

SSABET 
[m2/g] 

12 417 486 

TPV 

[cm3/g] 
0.016 1.132 1.562 

MPD. 

[nm] 
3.2 3.8 4 

 

The SSA of the composite rGO/nC increased significantly in 

comparison to the initial GtO reaching the value 486 m2/g that is 

also higher than the SSA of the pure nC, with the TPT to follow the 

same trend. From the pore size distribution plots it is evident that 

the majority of the pores for all the samples have diameter between 

3.2 and 4 nm. Also, a second population of pores with broad size 

distribution between 8 and 12 nm can be observed, which is less 

distinctive for the rGO/nC composite. This outcome may be related 

to the influence of the rGO component which hinders the 

aggregation of the nanocarbons and facilitates their homogeneous 

distribution. The high porosity of the rGO/nC composites makes 

them promising candidates for gas and/or energy storage 

applications. 

4. Conclusions 

Composite rGO/nanocarbons were successfully synthesized 

through a simultaneous reduction of solid graphite oxide and CO2 

gas at magnesiothermic conditions.  

The XRD analysis evidenced the formation of nanocarbons for 

the pure nC and the composite rGO/nC. The initial GtO was not 

detected in the composite that was connected to its low content or to 

possible delamination/reduction during the treatment.  

The SEM images demonstrated the delamination of the GtO and 

the presence of two types of morphologies for the composite, i.e. 

thin packs of layers and particles’ aggregates attributed to the rGO 

and the nanocarbons, respectively. 

The composite rGO/nC exhibited higher specific surface area 

(486 m2/g) than the pure nC (417 m2/g) that was related to influence 

of the rGO component hindering the aggregation of the formed 

nanocarbons. 
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Abstract: Based on the simultaneous measurements of radio-frequency intrinsic self-oscillations of current and terahertz (THz) light 

emission from a 30-period GaAs/AlGaAs weakly-coupled superlattice, it was concluded that self-oscillations of current arise due to the 

cyclic process of the electric-field domain boundary spatial expansion and shrinkage. The domain boundary expands over several SL periods 

due to the energy dissipation of tunneling electrons, resulting in the carrier trapping in several SL periods behind the leading edge of the 

domain boundary. In this region, the charge accumulation gives rise to the resonant detuning of subbands in adjacent quantum wells (QWs), 

creating the population inversion between the two subbands, which ensure the resonant tunneling along the SL axis. The electrons injected 

from the cathode restore the resonant coupling of subbands, the lower subband is emptied, and the intersubband radiative transitions 

allowed. The electroluminescence (EL) spectra of the SL demonstrate the main peak with the left and the right sidebands. The main peak is 

related to the intersubband electron transition energy, while the sidebands are associated with the resonant detuning energy of subbands in 

adjacent QWs (~ 4 meV). The two-photon pulsed THz emission (~ 4 meV) from a double-barrier GaAs/AlAs resonant tunneling diode biased 

into self-oscillation regime confirms the last assertion. There is the same cyclic mechanism of relaxation self-oscillations of current 

(accumulation and drain type), where the first THz pulse is triggered due to the carrier trapping by miniband states, resulting in the 

miniband energy shift up to higher energies. After the trap release time, the electrons lost their energy via the second THz pulse emission, 

and the miniband gets back to its steady state. 

KEY WORDS: SEMICONDUCTORS, RESONANT TUNNELING, SELF-OSCILLATIONS, TERAHERTZ EMISSION 

 

Introduction  

It was well-established that the switching and the relaxation self-

oscillations of current observed in the Esaki narrow p-n junction 

tunnel diodes are the current instability phenomena inherent in 

semiconductor tunnel structures with nonlinear I-V characteristics 

containing the negative differential conductivity (NDC) region [1-

3]. The semiconductor tunnel diodes are widely used in digital 

electronic circuits, electronic clocks, and computers as switching 

elements [3].  

The self-oscillations of current in semiconductor quantum 

well structures attract researcher’s attention from the ninetieth of the 

last century. In a double-barrier InGaAs/AlAs (7/3 nm) resonant 

tunneling diode (RTD) the self-oscillations of current were observed 

in a (0.1- 10) MHz frequency range [4]. In a 40-period weakly-

coupled GaAs/AlAs (9/4 nm) superlattice (SL) the self-oscillations 

of current were detected from 0.1 MHz to 40 MHz range [5]. The  

switching between the upper and the lower current states of 

hysteresis loop was observed in a 30-period GaAs/Al0.3Ga0.7As 

(39/11 nm) superlattice [6 ].   

 

1. Weakly-coupled superlattices 
In weakly-coupled SLs with thick barriers and wide quantum wells 

(QWs), the electron wave functions are weakly overlapped between 

adjacent QWs, creating thin (less than 10 meV) miniband width. 

Thus, the resonant tunneling of electrons from one SL period to the 

next is provided by the electric-field (EF) domain boundary 

formation in every SL period and its sequential propagation along 

the SL axis. The schematic energy diagram of weakly-coupled SL 

(Fig. 1(the black line)) shows that the electric-field (EF) domain 

boundary is built at the 15-th SL period. The EF domain boundary is 

a space-charge region providing a voltage drop V = (E2 - E1)/e 

across the barrier required for the resonant alignment of 12 

subbands in adjacent QWs. The upper inset of Fig. 1 demonstrates a 

part of the I-V characteristic of a 30-period GaAs/Al0.3Ga0.7As 

(15/10 nm) SL corresponding to the E1 - E3 high-field domain 

sequential propagation. The current hysteresis loop is formed by the 

two I-V curves measured in voltage sweep-up (the black line) and -

down (the red line) directions. In these I-V curves the number of 

NDC’s is about the number of SL periods. In a region of the domain 

boundary formation the resonant tunneling is interrupted due to the 

resonant mismatch of subbands in adjacent QWs (the NDC region). 

The electrons are transferred to the next SL period by applying a 

voltage drop (V) across the barrier. It was established, that a 

presence of well-defined sequence of NDC peaks in the I-V curves 

indicates the absence of self-oscillations of current in this 

superlattice structure.  

 

Fig.1. Schematic energy diagram of weakly-coupled SL with two 

subband levels in a QW. The energy profile (the black line) 

represents a thin domain boundary, which is formed at the 15-th SL 

period. The expanded over three (13-th - 15-th) SL periods domain 

boundary is plotted by the red line. The upper inset shows a part of 

the I-V curve of a 30-period GaAs/AlGaAs (15/10 nm) SL for the E1-

E3 high-field domain sequential motion along the SL axis. The up-

down arrows show the dynamic shift of subband levels of eVi (i = 

1, 2) due to the carrier capture by QWs, leading to the resonant 

detuning of subbands in adjacent QWs. 

 

Figure 2 demonstrates a part of the I-V characteristic of a 

30-period GaAs/Al0.3Ga0.7As (28/10 nm) SL for the E1-E6 electric-

field domain propagation. This SL structure has six subband levels 

in a QW. A screenshot displays the self-oscillations of current of 

2.25 MHz frequency measured in two different SL mesas biased at 

5.3 V. The I -V curves, measured when the voltage is swept-up (the 

black line) and -down (the red line), show the irregular NDC’s 

structure due to the presence of self-oscillations of current in a range 

of 4.5 – 5.5 V.       
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Fig. 2. A part of the I-V characteristic of a 30-period GaAs/AlGaAs 

(28/10 nm) SL for the E1-E6 electric-field domain propagation. A 

screenshot shows the self-oscillations of current of a 2.25 MHz 

frequency measured in two coupled in parallel SL mesas biased at 

5.3 V, at 4.2 K. 

 

In this SL, the self-oscillation frequency ranges from 0.5 MHz to 8 

MHz, depending on the voltage bias applied to the SL mesa. 

It was proposed [5, 7] that in weakly-coupled SLs the current self-

oscillations arise due to the electric-field domain boundary spatio-

temporal instability. In other words, a cyclic process of the domain 

boundary expansion and shrinkage is carried out. The schematic 

energy diagram (Fig. 1) displays a thin domain boundary (the black 

line) localized at the 15-th SL period, while an expanded domain 

boundary (the red line) is resided in three SL periods. The diagrams 

show, that the electron tunneling along the SL axis is realized via 

the intersubband electron transitions (the vertical arrows) in every 

SL period. Therefore, in a region of the expanded domain boundary 

arising due to the charge trapping in subband states, the population 

inversion between the upper and the lower subbands in a QW can be 

created. Thus, in weakly-coupled SLs the self-oscillations of current 

can be accompanied by the THz intersubband emission. Our 

assumption were confirmed by the detection of the NbN-bolometer 

response to the THz emission from a 30-period GaAs/AlGaAs 

(28/10 nm) SL biased into self-oscillation regime [8, 9].  A 

screenshot displays the bolometer signal (the blue line) containing 

three peaks per period of self-oscillations of current (the yellow 

line), indicating that the resonant conditions are sequentially 

restored in three SL periods within the expanded domain boundary 

region. The main peaks in the EL spectrum (the left panel) are 

associated with the intersubband radiative transitions of electrons 

between a pair of adjacent subbands E5E4 (peak I; at 394 cm-1 (49 

meV)) and E6E5 (peak II; at 536 cm-1 (66.6 meV)). In the EL 

spectrum the arrows indicate the left and the right sidebands of two 

main peaks. The energy difference between the main peak’s maxima 

and its sideband (E ~ 4 meV) corresponds to the energy of 

resonant detuning of subbands in adjacent QWs [9 ]. The main 

peak’s sidebands observation in the EL spectrum confirms the 

presence of charge accumulation in several SL periods behind the 

leading edge of the domain boundary.  

 

The I-V characteristics of weakly-coupled superlattice (Fig. 1(the 

inset)) exhibiting a series of well-defined NDC regions coupled with 

a definite SL period, show that the SL structure can be considered as 

a sequence of serially connected resonant tunneling diodes (RTDs). 

 

2. Double-barrier resonant tunneling diode 
It was reported that the GaInAs/AlAs double-barrier resonant 

tunneling diodes successfully operate in a THz frequency range 

[10]. The self-oscillations of current up to 2 GHz frequency were 

also detected in these RTDs and interpreted as parasitic current 

oscillations [10]. The mechanism of THz light emission from RTD 

was unclear, since it has one miniband level in a QW and the 

intersubband optical transitions of electrons are excluded. To 

elucidate the mechanism of THz emission from RTDs, the NbN-

bolometer response from a double barrier GaAs/AlAs (2/4/2.3 nm) 

resonant tunneling diode biased into self-oscillation regime at 0.66 

V was measured. It was found out (Fig. 4) that the bolometer signal 

(the red line) exhibits an interference pattern created by two 

coherent pulses of THz radiation emitted in a period of self-

oscillations of current [11]. The frequency of self-oscillations of 

current (the black line) is of 0.8 MHz.  

 

 
Fig. 3. Electroluminescence spectrum of a 30-period GaAs/AlGaAs 

(28/10 nm) SL measured with a 15 cm-1 spectral resolution at 18 K 

(the black line). The EL spectrum normalized to a Si-bolometer 

sensitivity is shown by the red line. The main peaks (I and II) 

correspond to the electron radiative transitions between the E5  E4 

and the E6  E5 subbands, respectively. The main peak’s sidebands 

are shown by the arrows. Screenshot displays the self-oscillations of 

current (the yellow line; 20 mV/div.; 250 ns/div.) of a 5 MHz 

frequency and the bolometer response (the blue line, 2 mV/div.), a 

sign of self-oscillations of current is negative.  

 

Figure 4 shows that the THz pulses are triggered at two critical 

points coinciding with the maximum (t1) and the minimum (t2) of 

self-oscillation amplitude. The time delay between the pulses ranges 

from half to one-third of self-oscillation period depending on the 

voltage bias applied to mesa device. The first and the second 

bolometer pulse duration estimated from the full-width at half-

maximum (FWHM) is of 3.15 and 4.47 ns, respectively. The energy 

diagram of a double-barrier RTD operation (Fig. 4 (on the right, 

lower)) shows that under applied voltage (V), the Fermi level (EF) of 

the emitter contact is resonantly coupled with the miniband level 

(E0) (the black profile) providing the resonant  tunneling of electrons 

through an empty miniband (the black arrow). The self-oscillation 
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Fig. 4. On the left: the time domains of current self-oscillation (the 

black line) and bolometer response (the red line) measured in a 

GaAs/AlAs RTD at 9 K. The right upper panel displays an enlarged 

bolometer signal in a period of self-oscillations. Schematic potential 

diagram demonstrates a cyclic process of miniband energy 

dynamics during self-oscillation period. The red profile shows that 

the miniband energy level shifts-up to its metastable state (Em) due 

to the carrier capture by miniband states. The black profile 

demonstrates the resonant coupling between the Fermi level (EF) in 

the emitter contact and the miniband stable state (E0). 

 

shape shows that the current reaching maximum at (t1) then drops to 

its minimal values. It occurs due to the carrier trapping in miniband 

states in a QW. The trapped electrons lose their energy via the first 

(ħ1) pulse of THz photon emission. The Coulomb repulsion 

between the incoming and the trapped electrons prevents the 

tunneling. The miniband level is shifted up to higher energy 

metastable state (Em) (the red profile). At a moment (t2), the charge 

trapping time is expired, the electrons are released, emitting the 

second THz pulse (ħ2 = Em – E0) and move out to the collector 

contact. The miniband level is emptied and gets back to its stable 

state (E0). Thus, the cyclic self-oscillation process is closed.   

 

Conclusions 

The relaxation self-oscillations of current of accumulation and drain 

type have been observed and studied in different semiconductor 

resonant tunneling quantum well structures. Our experiments show 

that the self-oscillations of current are strongly couples with the THz 

photon emission. The intrinsic self-oscillations of current arising 

when the structure is biased into the NDC region of the I-V 

characteristic are accompanied by the THz emission modulated with 

a frequency of self-oscillations. In a double-barrier RTD biased into 

self-oscillation regime two coherent THz pulses per self-oscillation 

period are emitted.   
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Abstract: This paper presents an energy analysis of main and auxiliary steam turbines from conventional coal fired power plant. Main 

turbine is composed of three cylinders connected to the same shaft which drives an electric generator, while auxiliary steam turbine is used 

for the boiler feedwater pump drive. The whole analyzed main steam turbine produces mechanical power equal to 312.34 MW, while in an 

ideal situation, it can produce mechanical power equal to 347.28 MW. The highest part of the mechanical power in the main turbine is 

produced in the low pressure cylinder. Auxiliary steam turbine in exploitation develops mechanical power equal to 6768.94 kW, while in an 

ideal situation it can develop 8029.03 kW. Whole main turbine energy efficiency is equal to almost 90% what is in the expected range for 

such high power turbines. The auxiliary steam turbine has an energy efficiency equal to 84.31%, which is almost 6% lower in comparison to 

the main turbine. Energy flows delivered to the last two feedwater heaters (HPH2 and HPH3) in the condensate/feedwater heating system 

are notably higher in comparison to energy flows delivered to any other condensate/feedwater heater. 

KEYWORDS: MAIN STEAM TURBINE, AUXILIARY STEAM TURBINE, COAL FIRED POWER PLANT, ENERGY ANALYSIS 

 

1. Introduction 
 

     Electricity production worldwide is today mainly based on the 

various steam turbine power plants [1]. One of the base elements in 

each steam power plant is a main steam turbine, which is usually 

composed of several cylinders connected to the same shaft [2, 3]. 

Such main steam turbine arrangement allows many benefits in the 

power plant, while connecting several cylinders to the same shaft 

allows a wide range of produced mechanical power [4]. 

     In each steam turbine power plant is mounted 

condensate/feedwater heating system for increasing water 

temperature before its return to steam generator [5]. All the heaters 

inside that heating system usually get steam direct from the main 

steam turbine cylinders [6]. Therefore, the main turbine is not 

mechanical power producer only, but also heat supplier in the plant. 

     Along with main steam turbine, some steam power plants can 

have one or more auxiliary low power steam turbines for 

mechanical power delivery to various consumers inside the plant [7, 

8]. In many steam power plants with auxiliary steam turbine(s), one 

of such turbines is always used for the boiler feedwater pump drive 

[9, 10]. 

     In this paper is performed energy analysis of main and auxiliary 

steam turbine for the boiler feedwater pump drive from the 

conventional coal fired steam power plant. According to steam 

operating parameters measured inside the plant, it is presented 

developed mechanical power, energy losses and efficiencies of 

main steam turbine, its cylinders and auxiliary steam turbine. The 

additional analysis of energy flows from main turbine cylinders to 

condensate/feedwater heaters can be a baseline for further, detail 

analysis and optimization. 
 

2. Description of the analyzed main and auxiliary 

steam turbines from coal fired power plant 
 

     Scheme of the analyzed main and auxiliary steam turbines is 

presented in Fig. 1. 

     The main steam turbine is composed of three cylinders: High 

Pressure Cylinder (HPC), Intermediate Pressure Cylinder (IPC) and 

Low Pressure Cylinder (LPC) connected to the same shaft which 

drives an Electric Generator (EG). LPC is dual flow dissymmetrical 

steam turbine (steam extractions 12 and 13 have different 

pressures), so each part of the LPC (left part LPC-L and right part 

LPC-R) are considered individually. Superheated steam is produced 

in Steam Generator (SG) and delivered to HPC, while between HPC 

and IPC appears steam reheating in the reheater (RH). After 

expansion in the last, low pressure cylinder of the main turbine, the 

steam is delivered to a steam condenser (COND) for condensation. 

     Regenerative condensate/feedwater heating system is composed 

of four closed low pressure condensate heaters (from LPH1 to 

LPH4), deaerator as an open feedwater heater (DEA) and three 

closed high pressure feedwater heaters (from HPH1 to HPH3). Each 

heater in the condensate/feedwater heating system gets steam from 

main steam turbine extractions. According to presented 

condensate/feedwater heating system composition, in the paper will 

also be analyzed energy flows to each condensate/feedwater heater 

and energy flow arrangement. 

    Auxiliary steam turbine in the analyzed power plant is Boiler 

Feedwater Pump Turbine (BFPT). This turbine gets steam from the 

last IPC extraction (operating point 7, Fig. 1). After expansion in 

BFPT, remaining steam is wet steam and it is delivered directly to 

the condenser for condensation. In any power plant operating 

regime BFPT produces mechanical power sufficient for at least 

boiler feedwater pump drive (remaining produced mechanical 

power by the BFPT can be effectively used in the plant for driving 

any other mechanical power consumer). 
 

 
 

Fig. 1. General scheme of the main and auxiliary steam turbine 

along with operating points required for the energy analysis 
 

     Real (polytropic) steam expansion process for the main turbine 

in h-s diagram, according to known steam operating parameters, is 

presented in Fig. 2 (operating points are in accordance to Fig. 1). 

From Fig. 2 can be seen that both LPC parts (left and right) have 

almost identical steam expansion process (slight difference is 

visible between operating points 11 and 14).   
 

 
 

Fig. 2. h-s diagram of steam expansion process through main 

turbine cylinders 

3. Equations for the main and auxiliary steam turbine 

energy analysis 
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3.1. Overall energy equations and balances 
 

     The main energy balance equation, according to [11, 12] is: 
 

 𝑄 in + 𝑃in +  𝐸 𝑛in = 𝑄 out + 𝑃out +  𝐸 𝑛out + 𝐸 𝑛L , (1) 
 

     where 𝑄  is heat energy transfer, 𝑃 is mechanical power, index in 

is related to the inlet (input), index out is related to outlet (output) 

and index L is related to energy loss. 𝐸 𝑛 is a total energy flow of 

any fluid stream which can be calculated as [13, 14]: 
 

 𝐸 𝑛 = 𝑚 ∙ ℎ, (2) 
 

     where 𝑚  is mass flow rate and ℎ is specific enthalpy. Valid mass 

flow rate balance is: 
 

  𝑚 in =  𝑚 out , (3) 
 

     while general energy efficiency equation of any system or a 

component can be defined according to [15] as: 
 

 𝜂en =
cumulative  energy  output

cumulative  energy  input
. (4) 

 

3.2. Equations for the energy analysis of observed turbines 
 

     Energy analysis of a steam turbine or turbine cylinder is based 

on the comparison of real (polytropic) and ideal (isentropic) steam 

expansion processes. Ideal (isentropic) steam expansion process 

assumes always the same steam specific entropy, while in the real 

(polytropic) expansion steam specific entropy increases during 

expansion. Comparison of ideal and real expansion processes for 

the BFPT is presented in Fig. 3. 
 

 
 

Fig. 3. h-s diagram of BFPT ideal (isentropic) and real (polytropic) 

steam expansion process  
 

     In the calculation of mechanical power (ideal and real), energy 

losses and energy efficiencies, markings in the equations are related 

to operating points from Fig. 1. Mechanical power for each cylinder 

and whole turbine is calculated as (index re is related to real, while 

index id is related to ideal process): 
 

- High Pressure Cylinder (HPC): 
 

 𝑃HPC ,re = 𝑚 1 ∙  ℎ1 − ℎ2 +  𝑚 1 −𝑚 2 ∙  ℎ2 − ℎ3 ,  (5) 

 𝑃𝐻𝑃𝐶 ,id = 𝑚 1 ∙  ℎ1 − ℎ2IS +  𝑚 1 −𝑚 2 ∙  ℎ2IS − ℎ3IS . (6) 
 

- Intermediate Pressure Cylinder (IPC): 
 

 𝑃IPC ,re = 𝑚 5 ∙  ℎ5 − ℎ6 +  𝑚 5 −𝑚 6 ∙  ℎ6 − ℎ7 , (7) 
 𝑃IPC ,id = 𝑚 5 ∙  ℎ5 − ℎ6IS +  𝑚 5 −𝑚 6 ∙  ℎ6IS − ℎ7IS . (8) 

 

- Left part of the LPC (LPC-L): 
 

 

𝑃LPC −L,re =
𝑚 11

2
∙  ℎ11 − ℎ12 +  

𝑚 11

2
−𝑚 12 ∙  ℎ12 − ℎ14 +

 
𝑚 11

2
−𝑚 12 −

𝑚 14

2
 ∙  ℎ14 − ℎ15 +  

𝑚 11

2
−𝑚 12 −

𝑚 14

2
−

𝑚 15

2
 ∙

 ℎ15 − ℎ16  , 

(9) 

 

𝑃LPC −L,id =
𝑚 11

2
∙  ℎ11 − ℎ12IS +  

𝑚 11

2
−𝑚 12 ∙  ℎ12IS −

ℎ14IS +  
𝑚 11

2
−𝑚 12 −

𝑚 14

2
 ∙  ℎ14IS − ℎ15IS +  

𝑚 11

2
−𝑚 12 −

𝑚 14

2
−

𝑚 15

2
 ∙  ℎ15IS − ℎ16IS  . 

(10) 

- Right part of the LPC (LPC-R): 
 

 

𝑃LPC−R,re =
𝑚 11

2
∙  ℎ11 − ℎ13 +  

𝑚 11

2
−𝑚 13 ∙  ℎ13 − ℎ14 +

 
𝑚 11

2
−𝑚 13 −

𝑚 14

2
 ∙  ℎ14 − ℎ15 +  

𝑚 11

2
−𝑚 13 −

𝑚 14

2
−

𝑚 15

2
 ∙

 ℎ15 − ℎ16  , 

(11) 

 

𝑃LPC−R,id =
𝑚 11

2
∙  ℎ11 − ℎ13IS +  

𝑚 11

2
−𝑚 13 ∙  ℎ13IS −

ℎ14IS +  
𝑚 11

2
−𝑚 13 −

𝑚 14

2
 ∙  ℎ14IS − ℎ15IS +  

𝑚 11

2
−𝑚 13 −

𝑚 14

2
−

𝑚 15

2
 ∙  ℎ15IS − ℎ16IS  . 

(12) 

 

- Whole main turbine: 
 

 𝑃WMT ,re = 𝑃HPC ,re + 𝑃IPC ,re + 𝑃LPC−L,re + 𝑃LPC−R,re , (13) 

 𝑃WMT ,id = 𝑃HPC ,id + 𝑃IPC ,id + 𝑃LPC−L,id + 𝑃LPC−R,id
,.
 (14) 

 

- Auxiliary BFPT: 
 

 𝑃BFPT ,re = 𝑚 8 ∙  ℎ8 − ℎ10  , (15) 

 𝑃BFPT ,id = 𝑚 8 ∙  ℎ8 − ℎ10IS . (16) 
 

     The energy loss of each cylinder and the whole turbine is 

calculated as a difference between ideal (isentropic) and real 

(polytropic) mechanical power. The energy efficiency of each 

cylinder and the whole turbine is calculated as a ratio of real and 

ideal mechanical power. The energy flow to each regenerative 

heater from the main turbine cylinders is calculated by using Eq. 2. 
 

4. Steam operating parameters required for main and 

auxiliary steam turbines energy analysis 
 

     The operating parameters of each fluid flow stream (in each 

operating point presented in Fig. 1) are found in [16]. 

    The authors in [16] for each fluid flow stream presented mass 

flow rate, pressure and specific enthalpy. From those data are 

calculated temperatures and specific entropies in each operating 

point from Fig. 1 by using NIST-Refprop 9.0 software [17]. The 

same software is used for the calculation of specific enthalpies in 

ideal (isentropic) steam expansion processes. Ideal (isentropic) 

steam expansion process is the process between the same pressures 

and with same mass flow rates as real (polytropic) expansion 

process, but steam specific entropy remains always the same during 

expansion. Steam operating parameters in each operating point from 

Fig. 1, required for main and auxiliary steam turbines energy 

analysis are presented in Table 1 for the real (polytropic) and in 

Table 2 for ideal (isentropic) steam expansion process. 

     It should be highlighted that in Table 2 operating parameters of 

the ideal expansion process for LPC are presented in two columns – 

the first column is related to the left LPC part, while the second 

column is related to the right LPC part. 
 

Table 1. Steam operating parameters of all fluid streams  

(real expansion process) 
 

O.P. 
Mass flow 

rate (kg/s) 

Temperature 

(°C) 

Pressure 

(MPa) 

Specific 

enthalpy 

(kJ/kg) 

Specific 

entropy 

(kJ/kg∙K) 

1 252.86 537.03 16.660 3396.3 6.4133 

2 17.80 384.10 5.850 3140.1 6.4964 

3 20.55 320.59 3.650 3027.8 6.5154 

4 214.51 320.59 3.650 3027.8 6.5154 

5 214.51 536.95 3.290 3537.5 7.2956 

6 8.39 435.59 1.690 3330.9 7.3247 

7 18.80 342.14 0.860 3144.4 7.3490 

8 9.84 342.14 0.860 3144.4 7.3490 

9 8.95 342.14 0.860 3144.4 7.3490 

10 9.84 45.81 0.010 2456.8 7.7505 

11 187.31 342.14 0.860 3144.4 7.3490 

12 10.39 240.61 0.360 2946.6 7.3939 

13 6.43 142.00 0.130 2758.3 7.4512 

14 6.96 85.93 0.060 2635.9 7.4839 

15 8.06 63.11 0.023 2509.1 7.5463 

16 155.49 36.16 0.006 2339.0 7.5931 

O.P. = Operating point (refers to Fig. 1.) 

Table 2. Steam operating parameters of all fluid streams  
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(ideal expansion process) 
 

O.P. Pressure (MPa) 
Isentropic specific 

enthalpy (kJ/kg) 

1 16.660 3396.3 

2IS 5.850 3086.3 

3IS 3.650 2968.3 

4IS 3.650 2968.3 

5 3.290 3537.5 

6IS 1.690 3310.4 

7IS 0.860 3111.9 

8 0.860 3144.4 

9 0.860 - 

10IS 0.010 2328.8 

11 0.860 3144.4 3144.4 

12IS 0.360 2923.8 - 

13IS 0.130 - 2716.9 

14IS 0.060 2587.5 2587.5 

15IS 0.023 2442.8 2442.8 

16IS 0.006 2263.5 2263.5 

 
LPC-L LPC-R 

O.P. = Operating point (refers to Fig. 1.) 
 

5. Results of the main and auxiliary steam turbine 

energy analysis 
 

     Ideal (isentropic) and real (polytropic) mechanical power of the 

main turbine and each of its cylinders are presented in Fig. 4.  

     Observing main turbine cylinders, it can be concluded that the 

dominant mechanical power producer as a whole is LPC, regardless 

of the fact that it operates with a steam of the lowest pressure and 

temperature (in comparison to other cylinders). LPC-R produces 

higher mechanical power (both ideal and real) in comparison to 

LPC-L, what can be easily explained with a fact that operating point 

13 has notably lower pressure in comparison to operating point 12. 

According to presented steam operating parameters, the whole main 

turbine produces mechanical power equal to 312.34 MW, while in 

an ideal situation it can produce mechanical power equal to 347.28 

MW. 
 

 
 

Fig. 4. Ideal (isentropic) and real (polytropic) mechanical power of 

main turbine and its cylinders 
 

     When considering energy loss of each main turbine cylinder, 

Fig. 5, it can be stated that the highest energy loss has HPC (equal 

to 14950.48 kW) what can be explained with the highest steam 

temperatures and pressures (in comparison to other cylinders) which 

enter this cylinder. LPC has lower energy loss than HPC, while the 

lowest energy loss can be seen in IPC (equal to 6868.55 kW). 

Observing LPC parts, it can be noticed that LPC-R has higher 

energy loss (6722.27 kW) in comparison to LPC-L (6394.14 kW). 

The whole main turbine has energy loss equal to 34935.44 kW. 
 

 
 

Fig. 5. Energy loss of analyzed main turbine and its cylinders 

     BFPT produced power (real and ideal) as well as energy loss are 

presented in Fig. 6. BFPT is a low power, auxiliary steam turbine 

(similar to low power auxiliary steam turbine presented in [18]) and 

in the observed power plant is used for the feedwater pump drive. 

     According to presented steam operating parameters, BFPT in 

exploitation develops mechanical power equal to 6768.94 kW, 

while in an ideal situation it can develop 8029.03 kW. Energy loss 

of the BFPT is equal to 1260.09 kW.  
 

 
 

Fig. 6. BFPT power (ideal and real) as well as BFPT energy loss 
 

     Energy efficiency of the main turbine, each main turbine 

cylinder and BFPT is presented in Fig. 7. 

     IPC is the main turbine cylinder which has the highest energy 

efficiency equal to 92.34%. Slightly lower energy efficiency in 

comparison to IPC can be seen in each LPC part (both LPC parts 

have almost identical energy efficiencies). Due to the highest 

energy loss of all main turbine cylinders, HPC has the lowest 

energy efficiency equal to 85.91%. The whole main turbine has an 

energy efficiency equal to almost 90%, what is in the expected 

range for such high power turbines. 

     In the literature can be found that low power steam turbines have 

notably lower efficiencies in comparison to high power turbines [4, 

19]. This fact is also confirmed in this analysis where is obtained 

that BFPT has an energy efficiency equal to 84.31%, which is 

almost 6% lower in comparison to the main turbine. Therefore, 

obtained BFPT energy efficiency is also in the expected range for 

such low power auxiliary steam turbines. 
 

 
 

Fig. 7. Energy efficiency of main turbine, main turbine cylinders 

and BFPT 
 

     At the end of this analysis are considered energy flows delivered 

to each heater in the regenerative condensate/feedwater heating 

system. These energy flows are extracted from the main turbine 

cylinders. The energy flow to each heater, according to steam 

operating parameters in the observed plant, is presented in Fig. 8.  

     Observation of low pressure condensate heaters shows that the 

last heater (LPH4) uses the highest energy flow from the main 

turbine, equal to 30603.92 kW. Other low pressure condensate 

heaters uses much lower steam energy flows in comparison to 

LPH4. 

     Steam energy flow delivered to deaerator is equal to 28151.02 

kW. Cumulative steam energy flow in the last IPC extraction 

(operating point 7, Fig. 1) is equal to 59105.8 kW, while energy 

flow delivered to BFPT is equal to 30954.77 kW. Therefore, energy 

flow delivered to deaerator has a lower share of the cumulative 

energy flow in operating point 7, when compared to energy flow 

share delivered to BFPT. 

     High pressure feedwater heaters get much higher average steam 

energy flows in comparison to low pressure condensate heaters, Fig. 

8. The highest energy flow delivered to high pressure feedwater 

heaters took HPH2 and that energy flow is equal to 62212.67 kW. 

This fact is interesting because, in general, it can be expected that 
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high pressure feedwater heater which increases water temperature to 

the highest level (HPH3) took the highest energy flow of all 

condensate/feedwater heaters. Finally, it can be concluded that 

energy flows delivered to the last two feedwater heaters (HPH2 and 

HPH3) are notably higher in comparison to energy flows delivered 

to any other condensate/feedwater heater. 
 

 
 

Fig. 8. Energy flow to all regenerative heaters from the observed 

power plant 
 

     Future analysis related to the observed main turbine, main 

turbine cylinders and BFPT will be based on novel Artificial 

Intelligence (AI) methods and processes [20, 21] with an aim of 

more detail analysis and possible optimization. 
 

6. Conclusions 
 

     In this paper is performed energy analysis of main and auxiliary 

steam turbines from conventional coal fired power plant. The main 

conclusions of the performed analysis are: 

- The dominant mechanical power producer is LPC as a whole, 

regardless of the fact that it operates with a steam of the lowest 

pressure and temperature, if all main turbine cylinders are 

compared. 

- The whole main turbine produces mechanical power equal to 

312.34 MW, while in an ideal situation, it can produce mechanical 

power equal to 347.28 MW. 

- The highest energy loss of all main turbine cylinders has HPC 

(equal to 14950.48 kW) what can be explained with the highest 

steam temperatures and pressures which enters in this cylinder. 

- Auxiliary steam turbine (BFPT) in exploitation develops 

mechanical power equal to 6768.94 kW, while in an ideal situation 

it can develop 8029.03 kW. 

- IPC is the main turbine cylinder which has the highest energy 

efficiency equal to 92.34%. Due to the highest energy loss of all 

main turbine cylinders, HPC has the lowest energy efficiency equal 

to 85.91%. Whole main turbine energy efficiency is equal to almost 

90% what is in the expected range for such high power turbines. 

- BFPT has an energy efficiency equal to 84.31%, which is almost 

6% lower energy efficiency in comparison to the main turbine. 

- Energy flows delivered to the last two feedwater heaters (HPH2 

and HPH3) in the condensate/feedwater heating system of the 

observed power plant are notably higher in comparison to energy 

flows delivered to any other condensate/feedwater heater. 
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Оптическая информационно-поисковая система с голографическим трехмерным 

накопителем 

Позднеев С.А., Райков А.Н. 

Физический институт им.П.Н.Лебедева, РАН. 

Abstract: The main issues are considered in this messages: the mathematical model to build and determine the optimum in optical computer

systems with 3D-holografic memory.

KEYWORDS: OPNICAL COMPUTER SYSTEMS, 3D-HOLOGRAFIC MEMORY 

  Хорошо известно устройство, содержащее оптически 

связанные и последовательно установленные вдоль 

оптической оси источник излучения, формирователь входного 

изображения, управляемый фильтр, выполненный в виде 

матричного электрически управляемого пространственно-

временного модулятора света, два объектива, а также 

многоэлементное фотоприемное устройство, которое 

электрически связано с электронно-вычислительной машиной, 

к которой подключено логическое решающее устройство, а 

также обратную связь этого устройства с формирователем 

входного изображения и/или управляемым фильтром, при 

этом, формирователь входного изображения выполнен в виде 

матричного электрически управляемого пространственно-

временного модулятора света, первый объектив установлен 

между формирователем входного изображения и управляемым 

фильтром, которые расположены в фокальных плоскостях 

первого объектива, второй объектив установлен между 

управляемым фильтром и фотоприемным устройством, 

которые расположены в фокальных плоскостях второго 

объектива, а источник излучения выполнен в виде источника 

когерентного коллимированного излучения. Недостатком 

устройства является относительно узкие функциональные 

возможности. 

Известно также устройство, содержащее оптический 

объединитель, оптический ответвитель, содержащий группу М 

входных оптических ответвлений, основное оптическое 

ответвление, два кодообразующих оптических ответвления и 

оптическое ответвление обратной связи, оптический усилитель 

и оптический бистабильный элемент, входы устройства 

объединены со входами группы входных оптических 

ответвлений оптического ответвителя, выходы которых 

подключены к его основному оптическому ответвлению на 

равном расстоянии друг от друга, вход первого 

кодообразующего оптического ответвления оптического 

ответвителя расположен на участке его основного оптического 

ответвления между N-м и (N+1)-м входными оптическими 

ответвлениями, где значение N определяется из условия 

обеспечения максимальной длины выходной 

последовательности, при этом на данном участке после входа 

первого кодообразующего оптического ответвления 

расположен также оптический усилитель, выход первого 

кодообразующего оптического ответвления оптического 

ответвителя подключен ко входу первого оптического 

ответвления оптического объединителя, вход второго 

оптического ответвления которого соединен с выходом 

второго кодообразующего оптического ответвления 

оптического ответвителя, вход которого соединен с основным 

оптическим ответвлением оптического ответвителя на его 

участке после последнего входного оптического ответвления 

оптического ответвителя, а выход оптического объединителя 

подключен ко входу оптического бистабильного элемента, 

прямой выход которого является поглощающим, а инверсный 

подключен ко входу оптического ответвления обратной связи 

оптического ответвителя, выход которого подключен ко входу 

основного оптического ответвления оптического ответвителя, 

выход которого является выходом устройства.  

  Наиболее близким по технической сущности к 

предлагаемому является устройство, содержащее 

установленные последовательно по направлению 

распространения излучения источник когерентного излучения, 

расширитель пучка, первый поляризатор, первый дефлектор, 

первый телескопическо-оптический блок, первое 

полупрозрачное зеркало, второй поляризатор, первую линзу, 

блок смены оптических образов, выполненный в виде блока 

смены микрофильмов, голографический трехмерный 

накопитель, второй телескопическо-оптический блок, второе 

полупрозрачное зеркало и фотоприемник, выход которого 

соединен с входом первого измерителя величины тока, 

установленные последовательно по направлению 

распространения излучения  и оптически сопряженные с 

первым полу-прозрачным зеркалом вторую линзу, 

отражающий элемент, третий поляризатор, третью линзу, 

второй дефлектор, отклоняющий элемент и четвертую линзу, 

оптически сопряженную с голографическим трехмерным 

накопителем, оптически сопряженный со вторым 

полупрозрачным зеркалом экран, блок управления 

регистрацией голограммы, выход которого подключен к входу 

голографического трехмерного накопителя, блок 

синхронизации, блок формирования напряжения отклонения 

предметного луча и блок формирования напряжения 

отклонения опорного луча, выходы которых  подключены к 

входам соответственно первого и второго дефлекторов, блок 

формирования напряжения поляризации, первый-третий 

выходы которого   соединены   с   входами соответственно 

первого-третьего поляризаторов, блок задания начальных 

адресов, первый-пятый блоки постоянной памяти, первый-

пятый блоки оперативной памяти, первый-третий регистры, 

первый-третий компараторы, аналого-цифровой 

преобразователь, блок переключения напряжения поляризации 

и установленные последовательно по направлению 

распространения излучения блок отображения визуальной 

информации, третий телескопическо-оптический блок и 

пространственно-частотный модулятор, расположенный на 

оптической оси между четвертой линзой и топографическим 

трехмерным накопителем,  первый вход блока задания 

начальных адресов управляющим входом системы, выход 

блока смены оптических образов соединен со вторым входом 

блока задания начальных адресов, первый- четвертый выходы 

которого подключены к первым входам соответственно блока 

формирования напряжения поляризации, блока формирования 

напряжения отклонения предметного луча, блока 

формирования напряжения отклонения опорного луча и пятого 

блока оперативной памяти, пятый и шестой выходы блока 

задания начальных адресов соединены с входами 

соответственно блока отображения визуальной информации и 

блока синхронизации, первый-восьмой выходы которого 

подключены соответственно к входу первого блока 

постоянной памяти, первому входу первого блока оперативной 

памяти, входу блока управления регистрацией голограммы, 

входу блока смены оптических образов, первым входам 

второго и третьего блоков оперативной памяти, входу блока 

переключения напряжения поляризации и первому входу 

четвертого блока оперативной памяти, первый и второй 

выходы первого блока постоянной памяти соединены с 

вторыми входами соответственно первого и второго блоков 

оперативной памяти, выходы первого, четвертого и пятого и 

первые выходы второго и третьего блоков оперативной памяти 

объединены и подключены к вторым входам блока 

формирования напряжения отклонения предметного луча и  

блока формирования напряжения отклонения опорного луча, 
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выход измерителя величины тока соединен с входом аналого-

цифрового преобразователя, выход которого подключен к 

первым входам первого и третьего регистров, второй выход 

второго блока оперативной памяти соединен с вторым входом 

первого регистра, выход которого и выход второго блока 

постоянной памяти подключены к первому и второму входам 

первого компаратора, выход которого через второй регистр 

соединен с входом третьего блока постоянной памяти, выход 

которого подключен к второму входу третьего блока 

оперативной памяти, второй выход которого соединен с 

вторым входом третьего регистра, первый выход которого и 

выход четвертого блока постоянной памяти подключены к 

первому и второму входам второго компаратора, выход 

которого соединен с вторым входом четвертого блока 

оперативной памяти, второй выход третьего регистра и выход 

пятого блока постоянной памяти подключены к первому и 

второму входам третьего компаратора, выход которого 

соединен с вторым входом пятого блока оперативной памяти, 

выход блока переключения напряжения поляризации 

подключен к второму входу блока формирования напряжения 

поляризации.  

Недостатком устройства является относительно узкие 

функциональные возможности, обусловленные тем, что, 

работа системы основана на использовании отрытых 

оптических каналов. Это сужает возможности ее применения в 

специальных условиях, когда, например, фотоприемник с 

другими электронными элементами необходимо отделить на 

некоторое расстояние от оптических узлов устройства.  Кроме 

того, наиболее близкое техническое решение не защищено от 

несанкционированного доступа по оптическим каналам. Это 

также сужает его функциональные возможности, особенно при 

информационно-поисковом преобразовании целостных 

образов (оптических изображений). 

Требуемый технический результат заключается в расширении 

функциональных возможностей тем, что, в устройство, 

содержащее установленные последовательно по направлению 

распространения  излучения источник когерентного 

излучения, расширитель пучка, первый поляризатор, первый 

дефлектор, первый телескопическо-оптический блок, первое 

полупрозрачное зеркало, второй поляризатор, первую линзу, 

блок смены оптических образов, голографический трехмерный 

накопитель, второй телескопическо-оптический блок и второе 

полупрозрачное зеркало, первый измеритель величины тока, 

фотоприемник, выход которого соединен с входом первого 

измерителя величины тока, установленные последовательно по 

направлению распространения   излучения   вторую линзу, 

оптический вход которой соединен с выходом отраженного 

луча первого полупрозрачного зеркала, отражающий элемент, 

третий поляризатор, третью линзу, второй дефлектор, 

отклоняющий элемент и четвертую линзу, оптически 

сопряженную с голографическим трехмерным накопителем, 

экран, оптически сопряженный с выходом отраженного 

излучения второго полупрозрачного зеркала, блок управления 

регистрацией голограммы, выход которого подключен к входу 

голографического трехмерного накопителя, блок 

синхронизации, блок формирования напряжения отклонения 

предметного луча и  блок формирования напряжения 

отклонения опорного луча, выходы которых  подключены к 

входам, соответственно, первого и второго дефлекторов, блок 

формирования напряжения поляризации, первый, второй и 

третий выходы которого   соединены   с   входами,  

соответственно,  первого, второго и третьего поляризаторов, 

блок задания начальных адресов, первый, второй, третий, 

четвертый и пятый блоки постоянной памяти, первый, второй, 

третий, четвертый и пятый блоки оперативной памяти, 

первый, второй и третий регистры, первый, второй и третий 

компараторы, аналого-цифровой преобразователь, блок 

переключения напряжения поляризации и установленные 

последовательно по направлению распространения излучения 

блок отображения визуальной информации, третий 

телескопическо-оптический блок и пространственно-

частотный модулятор, расположенный на оптической оси 

между четвертой линзой и голографическим трехмерным 

накопителем,  при этом, первый вход блока задания начальных 

адресов является управляющим входом оптической 

информационно-поисковой системы, выход блока смены 

оптических образов соединен со вторым входом блока задания 

начальных адресов, первый, второй, третий и четвертый 

выходы которого подключены к первым входам, 

соответственно, блока формирования напряжения 

поляризации, блока формирования напряжения отклонения 

предметного луча, блока формирования напряжения 

отклонения опорного луча и пятого блока оперативной памяти, 

пятый и шестой выходы блока задания начальных адресов 

соединены с входами, соответственно, блока отображения 

визуальной информации и блока синхронизации, первый, 

второй, третий, четвертый, пятый, шестой, седьмой и восьмой 

выходы которого подключены, соответственно,  к входу 

первого блока постоянной памяти, к первому входу первого 

блока оперативной памяти, к входу блока управления 

регистрацией голограммы, к входу блока смены оптических 

образов, к первому входу второго блока оперативной памяти, к 

первому входу третьего блока оперативной памяти, к  входу 

блока переключения напряжения поляризации и первому 

входу четвертого блока оперативной памяти, первый и второй 

выходы первого блока постоянной памяти соединены со 

вторыми входами, соответственно, первого и второго блоков 

оперативной памяти, выход первого блока оперативной 

памяти объединен с выходом четвертого блока оперативной 

памяти, с выходом пятого блока оперативной памяти, с 

первым выходом третьего блока оперативной памяти  и с 

первым выходом второго блока оперативной памяти и 

соединен со вторыми  входами блока формирования 

напряжения отклонения предметного луча и блока 

формирования напряжения отклонения предметного луча,  

выход первого измерителя величины тока соединен с входом 

аналого-цифрового преобразователя, выход которого 

подключен к первым входам первого и третьего регистров, 

второй выход второго блока оперативной памяти соединен со 

вторым входом первого регистра, выход которого соединен с 

первым входом первого компаратора, второй вход которого 

соединен с выходом второго блока постоянной памяти,  а 

выход - через второй регистр соединен с входом третьего 

блока постоянной памяти, выход которого соединен со вторым 

входом третьего блока оперативной памяти, второй выход 

которого соединен со вторым входом третьего регистра, 

первый выход которого соединен с первым входом второго 

компаратора, второй вход которого соединен со выходом 

четвертого блока постоянной памяти,  а выход - соединен со 

вторым входом четвертого блока оперативной памяти, второй 

выход третьего регистра соединен с первым входом третьего 

компаратора, второй вход которого соединен с выходом 

пятого блока постоянной памяти, а выход - соединен со 

вторым входом пятого блока оперативной памяти, выход 

блока переключения напряжения поляризации подключен ко 

второму входу блока формирования напряжения поляризации, 

введены последовательно оптически соединенные 

последовательно оптически соединенные блок ввода 

излучения, первый оптический вход которого оптически 

соединен  с выходом проходящего оптического излучения 

второго полупрозрачного зеркала, четвертый телескопическо-

оптический блок, входной оптический соединитель, 

оптический кабель, выходной оптический соединитель и 

пятый телескопическо-оптический блок, оптический выход 

которого соединен с оптическим входом фотоприемника, а 

также анализатор характеристик оптического кабеля, 

оптический вход которого соединенные со вторым оптическим 

входом блока ввода излучения, и второй измеритель величины 

тока, вход которого соединен с выходом анализатора 

характеристик оптического кабеля.   
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Abstract: The Formula Student competition is the most challenging, complex, and attractive student engineering competition in the world. 

Students from universities around the world compete to build better vehicles. The competition consists of several different disciplines, which 

are divided into two groups. The first group consists of static disciplines, where students who are members of the team defend the vehicle 

project in front of eminent experts from the world of the automotive industry and auto-moto sports. The second group is the group of 

dynamic disciplines, which is made up of several disciplines related to the analysis of vehicle behavior in real conditions. One of the main 

challenges facing the team members is designing the vehicle's propulsion system. At competitions in the IC engine class, power units from a 

certain class of motorcycles are most often used. The main limitation related to the power unit is that all intake air must pass through a 20 

mm diameter. One of the solutions to the mentioned problem is the use of a convergent-divergent nozzle with a throat diameter of 20 mm. In 

this paper, the influence of the convergent part of the nozzle on the airflow through the nozzle itself was examined. Models were created for 

several restrictors and they were tested by CFD simulation in ANSYS Fluent software. 
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1. Introduction 

Formula Student is an international student engineering 

competition where students from universities around the world 

compete to build a small racing vehicle. A big challenge when 

designing a Formula Student vehicle is the design of the air intake 

system. In the automotive industry, this system is very complicated 

and requires a lot of design attention to extracting as much power 

and torque as possible from the IC engine. Different intake 

manifold concepts can be applied to Formula Student vehicles. One 

of the parts that must be included in the intake installation of FSAE 

vehicles is a restrictor, a type of element to limit the flow of air that 

can enter the internal combustion engine. In this paper, the 

influence of one parameter of the convergent part of the convergent-

divergent nozzle was examined using the ANSYS Fluent software. 

The work is divided into six chapters, the first of which is an 

introduction, and the last is a list of references used in the work. 

The second chapter discusses the air intake system in general, as 

well as the restrictions that apply to the Formula Student 

competition itself. To examine the influence of the convergent part 

parameter on the convergent part, a CFD simulation was performed, 

which is shown in the third chapter. The fourth chapter presents the 

results of the CFD analysis, and the fifth chapter presents the 

conclusions related to this research. How attractive the topic of 

Formula Student is in the world, and especially the design of the air 

intake system, is shown by the large number of papers dealing with 

this topic [1-10] 

2. Air intake system for Formula Student vehicle 

2.1. Air intake system 

The more air that is sucked into the engine, the more 

horsepower will be provided. As cold air is much denser than warm 

air, it is possible to suck more of it into the engine. The intake 

manifold directs the airflow from the throttle body to the cylinder 

head intake ports. The choice of the intake manifold and the size of 

the intake runners affect engine power and engine torque. Larger 

intake runners and higher plenum locations are more favorable for 

higher engine revs, generally speaking. When designing the intake 

system, care must be taken to allow the air and fuel that is sucked 

into the engine to exit the system with a suitable exhaust system 

design. Proper design of the exhaust manifold can also allow 

additional charge to be drawn through the vacuum phenomenon. 

The configuration of intake manifold runners directly affects engine 

power and maximum torque. Most intake manifolds are a design 

compromise. It is necessary to find a balance between engine power 

output and torque at low rpm according to the intended application 

and driving conditions. The design of the intake manifold is critical 

in naturally aspirated engine situations. In the case when the intake 

installation is equipped with a turbocharger or supercharger, the 

design of the manifold is less critical [11]. When designing the 

intake manifold, it is necessary to enable the best possible airflow 

characteristics. 

2.2. Air intake system in Formula Student 

According to Formula Student Rules [12] there are two possible 

configurations of the air intake system. The configuration for 

naturally aspirated engines is shown in Figure 1, while the 

Configuration for turbocharged or supercharged engines is shown in 

Figure 2. It should be noted that in the internal combustion class, 

the use of engines is limited to 710 cm3 of total volume, so teams 

are mainly determined to modify engines that are applied to 

motorcycles. 

 
Fig. 1 Configuration for naturally aspirated engines [12] 

Fig. 2 Configuration for turbocharged or supercharged engines [12] 

The configuration for turbocharged or supercharged engines 

enables better air intake into the engine but is a significantly more 

expensive design solution compared to naturally aspirated engines. 

Any configuration that the Formula Student teams choose for the air 

intake system must include a restrictor. The most rigorous 

restriction according to the aforementioned rulebook is related to 

the Restrictor. According to the Formula Student rules, the 

maximum restrictor diameters for gasoline engines are defined as 

20 mm, and if E85 fuel is used, then the restrictor diameter is 19 

mm. This restrictor must be located in such a way that the diameter 

can be measured during the competition itself. A restrictor must 

exist in the system to limit engine power and all air drawn into the 

engine must pass through it. The modification of the intake system 

is one of the more complicated undertakings during the construction 

of the vehicle itself. Designing the intake system is, as already said, 

a compromise. To ensure the full potential of the engine, it is 

necessary to pay great attention to the design and exhaust system. A 

well-designed intake or exhaust system alone will not provide the 

best performance to obtain greater engine power and torque. 

Although internal combustion engines installed in motorcycles are 

used as power units, it is necessary to consider the possibility of 
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redesigning some parts of the engine such as pistons, connecting 

roads, crankshaft, and the like. When considering the redesign of 

the crankshaft, it is necessary to perform a dynamic analysis of the 

forces acting on the piston group. Kinematic analysis precedes 

dynamic analysis, and an example of kinematic analysis of a piston 

group is shown in papers [13-17] 

3. CFD simulation of Formula Student restrictor 

The main goal of the work is to examine the curvature of the 

convergent part of the restrictor to better understand the influence of 

this parameter on the flow characteristic of the restrictor itself. The 

considered geometry is shown in Figure 3. So the inlet and outlet of 

the restrictor are equal and amount to 40 mm. The length of the 

convergent part is 25 mm, and the length of the divergent part is 

200 mm. The throat of the Restrictor has a circular cross-section 

with a diameter of 20 mm. The previously mentioned dimensions 

are fixed (do not change) for each performed CFD simulation in this 

paper. The parameter R (Figure 3) is defined as the only variable 

parameter. The goal of this simulation is to examine the effect of 

changing the parameter R, which represents the radius of the 

convergent part, on the fluid flow through the restrictor itself. 11 

different dimensions of the radius of the convergent part R were 

tested. The values of the parameter R that were considered were for 

a certain degree of difference between 45º and 55º inclusive. Eleven 

3D models were created with the only difference being the radius R, 

and the 3D fluid domain model for one of the modeled restrictors is 

shown in Figure 4. 

Fig. 3 Dimension of restrictor 

 

 
Fig. 4 3D model of the fluid domain of the restrictor 

 

 

Fig. 5 Mash of fluid domain restrictor 

 

After placing the mesh on the 3D model of the fluid domain of 

the restrictor, it is necessary to define the boundary conditions. In 

the CFD simulation, the k-ε turbulence model was used. Air was 

used as the fluid, and a pressure of 101325 Pa was set at the inlet 

and 91325 Pa at the outlet of the restrictor, which is shown in 

Figure 6. 

Fig. 6 Inlet and outlet pressure 

 

4. Results of CFD simulation of Formula Student 

restrictor 

In this chapter, the results of the CFD simulation of airflow 

through the restrictor are presented. For each of the 11 restrictors, 

the average axial velocity and mass flow at the exit were measured 

using the ANSYS Fluent software. The values of average axial 

velocity and mass flow at the outlet of the restrictor are shown in 

table 1. Diagrams of changes in average axial velocity and mass 

flow at the outlet of the restrictor are also given in Figures 7 and 8. 

 

Table 1: Average axial velocity and mass flow on the outlet 

The radius of the 

convergent part R [°] 

Mass flow outlet 

(kg/s) 

Average Axial 

Velocity outlet (m/s) 

45 0.11646 76.535 

46 0.11662 76.610 

47 0.11634 76.423 

48 0.11569 76.019 

49 0.11475 75.396 

50 0.11608 76.253 

51 0.11524 75.741 

52 0.11576 76.027 

53 0.11509 75.616 

54 0.11447 75.194 

55 0.11480 75.430 
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 Fig. 7 Chart of mass flow on the outlet 
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From the previous diagrams, it can be seen that the radius of the 

convergent angle affects the flow to a significant extent. A radius of 

46º provides the best mass flow and average axial velocity at the 

exit. Radius 54º has the lowest value of mass flow and average axial 

velocity on the outlet. If we start from the assumption that the more 

air sucked into the engine, the greater engine power will be 

provided, restrictors with a radius of convergent parts 45º, 46º and 

47º achieve the best flow characteristics, that is, they have the 

highest mass flow rate at the exit. As these three radii stand out as 

the best in terms of mass flow rate maximization at the outlet, 

Figures 9, 10, and 11 show their pressure contours, and Figures 12, 

13, and 14 show velocity streamlines for these three restrictors. 

Figures 15 to 17 show the contour of turbulence kinetic energy. 

 

 
Fig. 9 Pressure contour for the radius of convergent part 45º 

 

 
Fig. 10 Pressure contour for the radius of convergent part 46º 

 

 
Fig. 11 Pressure contour for the radius of convergent part 47º 

 

 
Fig. 12 Velocity streamlines for the radius of convergent part 45º 

 

 
Fig. 13 Velocity streamlines for the radius of convergent part 46º 

 

 Fig. 14 Velocity streamlines for the radius of convergent part 47º 
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Fig. 15 Turbulence kinetic energy for the radius of convergent part 45º 

 

 
Fig. 16 Turbulence kinetic energy for the radius of convergent part 46º 

 

 
Fig. 17 Turbulence kinetic energy for the radius of convergent part 47º 

 

5. Conclusion 

Designing an intake system is a very complex job. Proper 

design of the air intake system directly affects engine power. 

According to the rules of the Formula Student competition, a 

restrictor is a mandatory element whether it is a naturally aspirated 

engine or a turbocharged or supercharger engine. Restrictor design 

is of great importance for the configuration of naturally aspirated 

engines. In this case, the restrictor is a bottleneck and its proper 

design will enable a better flow characteristic of the air intake 

system. When configured with a turbocharger and supercharger 

restrictor, there is no need to be a bottleneck because more air is 

sucked in under pressure using the supercharger or turbocharger. In 

this paper, an analysis of the dependence of the change in the radius 

of the convergent part was performed. The obtained results indicate 

that no linear dependence of this quantity can be defined. The best 

flow characteristic is provided with a radius of 46º, then with a 

radius of 45º, and then with 47º. The worst flow characteristic was 

obtained with a radius of the convergent part of 54º, and a little 

better than that with a radius of the convergent part of 49º. If the 

restrictor was chosen according to providing the best mass flow rate 

out of 11 analyzed solutions, then it would be a restrictor with a 

radius of the convergent part of 46º. CFD analysis is a very 

powerful tool that can simulate the real conditions in which a 

system works. With this kind of analysis, production costs are 

significantly reduced, because a large number of potential solutions 

can be examined using computer analysis and the best ones can be 

chosen. Ansys FLUENT software proved to be very good software 

for CFD analysis. 
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Abstract: Plasma-based ion implantation (PBII) is a surface modification method, which applies a negative high-voltage pulse to a sample 

in plasma. Ions are implanted uniformly by reducing the width of the ion sheath formed near the sample and by aligning the sheath shape 

more with the sample for complexly shaped samples. This method is considered a potentially effective surface treatment method for various 

shapes of objects. This study investigated the PBII method to explore its potential use as a food processing device. The research samples 

were pork belly and cabbage. The investigation results showed decreased bacteria viability, although the sample temperature at the 

treatment time was less than 40 °C. Additionally, the plasma treatment could not decrease the vitamin C content. Furthermore, fine holes 

could be created on the sample surface. These results indicate that PBII treatment is usable in food processing to improve the permeability of 

seasoning solutions while ensuring food safety and nutrient stability. 

KEYWORDS: PLASMA-BASED ION IMPLANTATION (PBII), FOOD PROCESS, STERILIZATION, VITAMIN C 

 

1. Introduction 
Modern food production requires processing that is safe, free of 

chemical contamination and without loss of taste or functionality. 

From a safety standpoint, altering food using microorganisms is a 

major problem. Generally, heat sterilization is used to prevent food 

alteration by microorganisms. However, new sterilization 

technologies, including ultra-high pressure, electrolysis, and plasma 

treatment, which differ from conventional heat sterilization, are 

being developed [1-3]. With our concern being plasma treatment, 

we have focused particularly on the PBII method, which does not 

use peroxide gas, owing to its harmfulness to the human body [4]. 

We have pursued its potential as a sterilization device. We have 

investigated the effects of nitrogen and oxygen gas on heat-resistant 

spore bacteria [5-7]. It has also been reported that the PBII method 

effectively sterilizes Escherichia coli and Staphylococcus aureus 

[8]. Recently, consumer preferences have become more diverse, and 

various new food products have been developed, consequently 

requiring new food processing equipment. Realistically, pressurized 

thermal sterilization equipment is being used as pressurized thermal 

cooking equipment. Therefore, this study aimed to explore the 

potential of PBII treatment equipment as a food processing device. 

 

2. Materials and Methods 
In this experiment, food materials were used instead of the 

microorganisms used in previous studies. Therefore, because of 

operational problems, the PBII treatment apparatus was used 

without an external radiofrequency (RF) excitation source. 

 
Fig. 1 Schematic of the PBII apparatus. 

 

Fig 1 shows a schematic of the PBII apparatus [9,10]. The 

treatment chamber is electrically grounded and 200 and 150 mm in 

height and diameter, respectively. In the experiment, the sample 

fixed sample plate was placed on a stainless-steel electrode 

supported by an insulated stainless-steel rod at the center of the 

vacuum chamber. The chamber’s inner temperature during plasma 

treatment was measured using the thermolabel for vacuum (VL-40, 

NiGK Corporation). 

The cabbage and pork belly used in the experiment were 

purchased from Hiroshima City. Samples were cut into 

approximately 2 cm × 2 cm pieces and dried on a stainless-steel 

Petri dish in the same procedure as when the microorganisms were 

sterilized. Table 1 shows a summary of the conditions for PBII 

treatment. 

 

Table 1: Setting of the PBII apparatus 

Items Value 

Supplied gas O2 

Gas pressure [Pa] 5 

Pulse voltage [kV] −1 to −10 

Exposure time [min] 10 

 

After the plasma treatment, food samples were measured for 

general viable bacteria counts using standard agar media according 

to common hygiene practices in Japan. Data were obtained using 

twelve times analyses, which were expressed as the average ± 

standard deviation. The sterilization effectiveness was indicated by 

dividing the number of bacteria after plasma treatment by the 

number of viable bacteria before plasma treatment to calculate the 

percentage killed. 

Vitamin C concentrations were determined using the 2,4-

dinitrophenylhydrazine method. Data were obtained using nine 

times analyses, which were expressed as the average ± standard 

deviation. 

The observation samples were covered with a thin conductive 

gold layer using an ion sputtering apparatus (JEOL JFC-1600). 

Thereafter, the sputtered samples were observed using a scanning 

electron microscope (JEOL JSM-5610). 

 

3. Results and Discussion 
Figs 2 and 3 show the death rate data of viable bacterial counts for 

cabbage and pork belly after PBII treatment. We previously 

reported that PBII treatment using RF power could produce 

sterilizing effects of 6D or higher on Geobacillus 

stearothermophilus, Escherichia coli, and Staphylococcus aureus. 

 

After the plasma treatment, food samples were measured for general 

viable bacteria counts using standard agar media according to 

common hygiene practices in Japan. Data were obtained using 

twelve times analyses, which were expressed as the average ± 

standard deviation. The sterilization effectiveness was indicated by 

dividing the number of bacteria after plasma treatment by the 

number of viable bacteria before plasma treatment to calculate the 

percentage killed. 

Vitamin C concentrations were determined using the 2,4-

dinitrophenylhydrazine method. Data were obtained using nine 

times analyses, which were expressed as the average ± standard 

deviation. 
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The observation samples were covered with a thin conductive gold 

layer using an ion sputtering apparatus (JEOL JFC-1600). 

Thereafter, the sputtered samples were observed using a scanning 

electron microscope (JEOL JSM-5610). 

 

3. Results and Discussion 
Figs 2 and 3 show the death rate data of viable bacterial counts for 

cabbage and pork belly after PBII treatment. We previously 

reported that PBII treatment using RF power could produce 

sterilizing effects of 6D or higher on Geobacillus 

stearothermophilus, Escherichia coli, and Staphylococcus aureus. 

 

 
Fig. 2 Death ratio after the PBII-treated cabbage. 

 

 
Fig. 3 Death ratio after the PBII-treated pork belly. 

 

 
 

Fig. 4 Result of the temperature measurement. 

 

 

 
Fig. 5 SEM observation results of cabbage. 

 

 
Fig. 6 SEM observation results of pork belly. 
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However, in this study, the sterilizing effect on cabbage and pork 

belly was 1.3D and 1.8D, respectively, when both were treated at -

10 kV. For this study, the sample is fixed to conductive stainless 

steel, but the food itself is a material with poor electricity 

conductivity. Generally, self-ignited arc discharge is unlikely to 

occur, as well as secondary electron emission from the sample 

surface. Therefore, when treating food materials, secondary electron 

emission is less likely compared to the case of metals, and the 

sterilizing effect will supposedly be higher when RF output is used. 

Fig 4 shows the chamber’s inner temperature measurement results. 

The thermolabel used in the experiment irreversibly changes the 

temperature detection area from light yellow to black when the 

temperature exceeds the indicated value. The results in fig 4 shows 

that the chamber’s temperature was below 40°C even at an applied 

voltage of -10 kV in the apparatus used in this experiment. For this 

study, the bacteria sterilization is supposedly caused by physical 

damage to the bacteria due to collisions between the ions and the 

bacteria, and not by temperature. Therefore, it can be considered 

that even at temperatures below 40°C, where sterilization rarely 

occur, a sterilizing effect of 1.8 D was achieved in the case of pork 

belly. In contrast, for cabbage, there was almost no increase in the 

sterilizing effect with an increase in the applied voltage. 

Supposedly, this is because the cabbage's surface is highly uneven, 

possibly preventing ions from impinging on it, as well as because 

the viable bacterial count initially attached to the cabbage is low, 

around 102 (CFU/g), making it difficult to significantly express the 

sterilizing effect in numerical terms (See the electron micrograph 

data for the adhering material on the cabbage surface). 

 

Figs 5 and 6 show the electron micrographs of cabbage and pork 

belly before and after PBII treatment, respectively. The applied 

voltage used for PBII treatment was -10 kV, and the electron 

microscope magnified 10000× in both cases. Although detailed data 

are not shown, no surface scratches were observed on either 

cabbage or pork belly at voltages lower than -6 kV, and the number 

of scratches increased as the applied voltage was increased. This 

may be due to increased ions impinging on the sample as the 

applied voltage increased. Also, the difference in conductivity 

between the cabbage and pork belly may influence the number of 

ions that collide. As figs 5b and 6b show, the cabbage has a larger 

area without holes, suggesting that the cabbage was less electrically 

conductive than the pork belly and that the ion implantation was 

less efficient in some areas. This could also be the cause of the 

difference in the sterilizing effect. 

Finally, we investigated whether PBII treatment affects the food’s 

nutrient content. In this study, cabbage, known for its high vitamin 

C content, was used to investigate whether PBII treatment affected 

vitamin C content. The results are shown in fig 7. 

 

 
Fig. 7 Effect of PBII treatment on the vitamin C content of cabbage. 

 

In this study, the food sample was dried before PBII treatment. 

As shown in fig 7, the dried cabbage, indicated by "Not treated," 

had 25.2% less vitamin C than the raw cabbage, from 40.1 mg 

(mg/100g) to 30.0 mg (mg/100g). In contrast, no significant 

difference was found between the vitamin C content of the dried 

food samples and the PBII-treated food samplings. Therefore, the 

PBII treatment itself does not affect the vitamin C content. 

Generally, immersion in sodium hypochlorite is used when 

processing raw cabbage. Thus, the total vitamin C content is 

reported to decrease by 27% [11]. Therefore, future work will 

probably be in the preparation stage of PBII treatment. This study’s 

results indicate the possibility of piercing the surface of food 

products with PBII treatment. This result suggests that PBII 

treatment can improve the permeability of seasoning and enzyme 

solutions by applying them to the food before cooking. 

Additionally, the PBII treatment probably has no effect on the 

food’s nutritional components, such as vitamin C. Although data are 

not shown, no significant change was observed in the texture of the 

cabbage or pork belly before and after PBII treatment. This is 

probably due to the shallow depth of the holes generated by the 

PBII treatment. A softening treatment technology for foods 

intended for the elderly is necessary. In the future, if the conditions 

of PBII treatment can be optimized to deepen the wound depth and 

soften the texture of the food surface, new applications may be 

possible. Furthermore, if the RF power not used in this study is 

usable to increase the sample’s product temperature, more effective 

heat sterilization and cooking can be achieved together. These 

results indicate that the PBII treatment device can potentially be 

applied as a new food processing device. 

 

4. Conclusion 
PBII treatment with oxygen gas was performed on pork belly and 

cabbage. Consequently, a decreased number of viable bacteria were 

observed for pork belly, although the temperature of the PBII-

treated samples was below 40°C. Additionally, the plasma treatment 

did not reduce the vitamin C content. Furthermore, microscopic 

pores could be opened on the sample surface in both cases of pork 

belly and cabbage. RF power is required for further enhancement of 

the sterilizing effect. The number of pores on the sample surface 

increased depending on the applied voltage increment. These results 

suggest that PBII treatment can simultaneously perform sterilization 

and food processing if the operating conditions are appropriately 

determined. 
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Abstract Maintaining the set sowing rate is important to obtain an accurate number of plants and guarantee good yields. This can be 

achieved by mechanical systems - variators and gear reducers or by electric drive (mechatronic systems). The object of the present work is 

the device of a mechatronic system for setting and maintaining the sowing rate when sowing cereals. Dependencies are derived for 

determining the transfer function in the control mechatronic system. Its principle and structural schemes are presented 
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1. Introduction 

When growing cereals, sowing is one of the most responsible 

operations, as the correctly chosen technology, the exact setting of 

the sowing rate depending on the specific soil and climatic 

conditions, determine the future yields. In row drills, one of the 

most promising and reliable, with good quality indicators and 

precise setting of the sowing rate, is the mechanical drive through 

reducers or variators. Changing the sowing rate with the help of a 

reducer has some significant disadvantages, which affect the 

deterioration of the accuracy when setting it, decrease the 

uniformity of seed distribution, increase the traumatized seeds, 

which leads to a decrease in yields and an increase in the cost of 

seed material [1, 2]. The drive of seeders with a variator is more 

promising, but at the moment it is poorly studied. 

More and more often, work is being done to replace the 

mechanical gearbox for driving the shaft of seed drills with an 

electric drive [3]. When sowing oil crops, the use [4] of seeders 

controlled by an electronic system is promising. It has been 

established that for sowing rapeseed and other small-seeded crops, a 

planter equipped with an electronic seed metering device meets all 

agrotechnical requirements and works much better than those 

equipped with a mechanical transmission system. Practically does 

not damage the seeds, allows very precise setting of the required 

sowing rate, ensures stable sowing and uniform distribution of seeds 

in and between rows. 

The authors [5] propose a practical solution to improve the 

performance of the precision corn planter by using a mechatronic 

system to drive the sowing apparatus. The effect of the application 

of this system is reduced to: improving the index of missing 

seeding, the presence of such a system allows operation at a speed 

of ≥11 km/h without a change in quality, eliminating the effect of 

slippage of the drive wheels on the quality of seeding and to 

maintain the even distribution of seeds. 

Studies show [6] that a precision planter equipped with a 

mechatronic system showed good seeding uniformity among all 

seeding technologies at travel speeds from 1 to 16 km h-1. Thus, a 

mechatronic metering mechanism can be one of the options to 

achieve accurate seed spacing with higher planting/sowing 

efficiency and the ability to reduce the effect of higher seeding 

rates. A mechatronic drive system, when coupled with a pneumatic 

seed drill, can effectively reduce the effect of speed on seeding 

accuracy, with a 4-8% increase in feed quality index and a 4-7% 

decrease in gap index observed. It also solves the wheel slip 

problem of existing precision planters. Good seeding uniformity 

and high productivity are achieved. 

The combined machine for the processing of soil and sowing 

has some innovative solutions such as: an electronic control unit 

and an automatic system for maintaining the depth of seed 

placement [7]. The improved design and operational characteristics 

of soil cultivation and sowing with a combined machine allow to 

expand its versatility and precision of work, providing useful 

agronomic effects: stable maintenance of the set sowing rate, 

increasing the speed of movement of the machine and, as a result, 

achieving a high productivity, the achievement of uniform seed 

germination. 

Dosing machines use mechatronic systems to drive and control 

the dispensers, replacing traditional mechanical systems composed 

of a drive wheel, chain and gear. Mechatronic systems allow 

continuous, real-time variation of the administered dose. A 

mechatronic system for the control of fertilizer and granular 

pesticide dispensers was developed, which was adapted to a 

fertilizer planter [8] The system is based on microcontrollers as 

processing and control devices, as well as DC motors with encoders 

to drive the dispensers. Changes in the administered dose are 

achieved by controlling the rotation frequency of the dosing devices 

using the pulse width modulation technique. The implementation of 

a mechatronic speed control system for the fertilizer and granular 

pesticide dispenser allows a response time of less than one second 

at frequencies ranging from 5 to 35 rpm. 

The application of electronic systems for managing the sowing 

rate has its difficulties. It was established, [9] that traditional 

automation and control systems have a complex structure. The 

presence of redundant modules and interfaces leads to a decrease in 

the reliability of control systems, deterioration of their mass, size 

and cost indicators. The solution to the problem of interfaces is 

possible by applying the mechatronic approach, where elements are 

combined into integrated modules and unnecessary interfaces are 

removed. In this way, the performance of the control systems is 

improved. It has been proven that the development of software and 

hardware systems for automation and control with a mechatronic 

approach can be based on the Arduino platform. 

From the overview, it can be seen that more and more efforts 

are being made to replace the mechanical drive of the seeders with a 

mechatronic one. With this method of drive and management, stable 

maintenance of the set seeding rate is achieved, increasing the speed 

of the machine and achieving higher productivity, uniform 

placement of the seeds, overcoming the influence of slippage on the 

amount of seeds sown. To build a mechatronic system for 

controlling the sowing process, it is necessary to determine the 

transfer function in the system. 

The aim of the present work is to develop a mechatronic system 

for controlling the sowing rate when sowing cereals. The tasks that 

need to be solved to achieve this goal are: determining the 

transmission function in the drive system of the seeders and 

determining the necessary components for building a mechatronic 

control system. 

2. Results 

To adjust the seeding rate, the transmission ratio in the system 

driving the seeding devices must be precisely determined. 

Transmission of movement from the running wheel to the drive 

shaft of sowing devices is usually carried out using the transmission 

mechanism (several toothed chain and toothed gears) of the seeder 

[1, 2, 10]. A characteristic of the operation of any transmission 

mechanism is its gear ratio i. The realization of the sowing rate for a 

given crop depends only on the transmission ratio in the 

transmission mechanism. For this, before determining the structure 
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of the control system, it is necessary to determine the transmission 

function (transmission ratio) of the planter, expressed with its 

technical and technological parameters. 

For 1 revolution of the drive shaft, each sowing device takes out 

a certain quantity q2 [kg] of seeds from the seed hopper. Since m 

number of sowing devices are installed on each seeder, the amount 

of seeds carried out for 1 revolution of the drive shaft can be 

determined by the expression: 

,  kg/revolution 1 

Drive shaft revolutions are nCA [min-1]. By multiplying the 

amount of seeds sown in 1 revolution of the drive shaft by this 

speed, the amount of seeds sown in 1 min by the whole planter is 

obtained: 

, kg/min 2 

The amount of seeds sown in 1 min by the seeder, expressed 

through the operating parameters of the unit, can also be 

represented with the following dependence: 

 3 

The left-hand side of formulas 2 and 3 is the same, which means 

that their right-hand sides are equal. 

 4 

It is known that the working width (Bp) is the product of the 

row spacing (b) and the number of boots. 

, m 5 

By substituting formulas 2 and 5 into formula 4 and 

rationalizing the new expression is obtained 

,  6 

In the above equation, the velocity can be replaced by 

V=0.12.π.n.R, whence it follows 

 7 

The expression 7 can be rationalized and after transformation 

will have the form 

 8 

The rotational speed of the seed drill shaft can be represented as 

the product of the rotational speed of the driving wheel and the gear 

ratio. After substitution and rationalization in the above expression, 

we get 

 9 

Analyzing equation 8, it can be seen that the inter-row distance 

and the radius of the running wheel of the row drill are constant 

values. The same can be said for the amount of seed that will be 

sown in one revolution of the seeder. This value can be obtained 

experimentally. The only thing that needs to be changed to realize 

different sowing rates for the same crop is the transmission ratio, 

regardless of the change in the speed of the unit. 

 10 

In the above formula, the amount of seeds q2 that are sown is 

directly dependent on their density and volume. The size of the row 

spacing b and the radius of the drive wheel R are constant values for 

each particular planter. This gives reason to claim that the transfer 

function is a function of one variable - the sowing rate Q 

After finding the transmission ratio, all the necessary input 

parameters are present and the construction of the mechatronic 

system for stepless control of a cereal planter can be started. 

In order to switch to stepless regulation of the sowing rate, the 

following or a similar mechatronic block diagram must be 

implemented (fig.1). 

 

Fig. 1 Schematic diagram of the system for stepless regulation of the sowing rate. 

Various electrical and electronic components operating in a 

wide range of supply voltage can be used to build the system. In the 

project, we choose a working voltage of 12 V, which is provided by 

the tractor battery in the unit or on-board electrical system. The 

information for determining the speed of the sowing unit is supplied 

from the on-board computer of the tractor through the CAN Bus 

Module to the microprocessor (microcomputer) Arduino (fig.2). 

The data on the size of the row spacing, the sowing rate, the density 

of the seeds, the transmission number are entered from the keyboard 

and via the I2C bus enter the microprocessor. Also connected to the 

same bus is a display that visualizes the entered data. On the basis 

of the input data, a control signal (PWM) is created, which through 

an electronic module (Driver) commutating a larger current, drives 

the DC motor. The engine has a built-in encoder or tachogenerator 

that feeds back information to the microprocessor to make the 

necessary adjustments to maintain the required revolutions. 

All considered elements of the mechatronic system are in great 

variety on our market.  
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Fig.2 Device of the mechatronic system for regulating the sowing rate 

4. Conclusions 

As a result of the literature review and the conducted analysis, the 

following conclusions can be drawn:  

The transmission ratio (transmission function) can be presented as a 

function of the sowing rate;  

The mechatronic system for controlling the sowing rate can be built 

from elements that are in great variety on our market. 
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Abstract: Soil microbiology is highly linked with the microorganisms and their particular activities regarding the growth of plants and 

yield while taking a part of the nitrogen cycle which is an important component in the providing of nutrients for the growth of plants.  In the 

case of atmospheric nitrogen fixation, organic matter decomposition and releasing of some bio-chemical enzymes are the important factors 

regarding the growth of plants and roots.  In generally, the microorganisms are categorized into a few of specific groups while considering 

their biological features and behaviors such as bacteria, viruses, fungus and algae. When considering the main role of microorganisms can 

do in the soil is the increasing of soil fertility while improving the soil structure, increasing the plant tolerance and providing of a self 

protection against the diseases of plants. According to the agricultural practices, the great diversity of microorganisms plays a few of 

important roles in the maintaining of the equilibrium of the soil and plant including the top soil which provides habitations for a large 

number of microbial communities.  
Keywords: SOIL, MICROORGANISMS, IMPORTANCE, POSITIVE AND NEGATIVE IMPACTS, SOIL FERTILITY 

 

1. Introduction 

 Soil microbiology is the scientific study of all biological 

features of microorganisms that reside in the soil environment as 

mentioned in the below.  

 Bacteria 

 Archaea 

 Viruses 

 Fungus 

 Parasites 

 Protozoa 

 

This is a branch of environmental microbiology. Soil 

microbiology is an interdisciplinary field that is intertwined with 

soil biochemistry and microbial ecology. It necessitates an 

understanding of soil science, microbiology, and the chemistry of 

biological systems. Soil microbiology can be divided into two 

categories. The first approach examines organisms' physiology and 

taxonomy, whereas the second focuses on microbial activities, or 

the behaviors and tasks of microorganisms in soil [1-5]. 

Soil is a diverse ecosystem with ever-changing environmental 

conditions for microbial growth. Soil microorganisms are abundant 

and have a diverse set of metabolic activities and physiological 

features that are critical to the cycling of nutrients within the soil 

and the removal of contaminants from the soil. 

The soil contains a diverse spectrum of microorganism 

substrates, ranging from simple sugars to the most complex 

compounds, such as humus. Soil also has several micro sites with 

variable nutrient, moisture, pH, and Eh levels across relatively short 

distances and over time. Soil has the greatest diversity of life as a 

result of its chemical and physical heterogeneity [3-9]. 

Microorganisms are extremely small forms of life that can exist 

as single cells or in colonies of cells. Individual cells of these 

organisms are normally visible only through a microscope. Topsoil 

has far more microorganisms than subsurface because food supplies 

are numerous. They are especially common in the rhizosphere, 

where sloughed-off cells and substances generated by roots provide 

easy food sources. These organisms are major decomposers of 

organic debris, but they also feed nitrogen to growing plants 

through fixation, detoxify dangerous compounds (toxins), suppress 

disease organisms, and generate products that may stimulate plant 

growth. Soil microorganisms have another direct impact on humans. 

They are the source of the majority of antibiotics used to treat 

diseases. Bacteria can live in almost any environment. They can be 

found in animals' digestive systems, the ocean and fresh water, 

compost piles and soils. Although certain bacteria may survive in 

waterlogged soils without oxygen, the majority prefer well-aerated 

soils. Bacteria do better in neutral pH soils than in acidic soils [4-

14]. 

Bacteria aid plants by boosting nutrient availability, in addition 

to being among the first organisms to begin degrading leftovers in 

the soil. Many bacteria, for example, dissolve phosphorus, making 

it more available to plants. Bacteria are also particularly useful in 

delivering nitrogen to plants, which they require in vast quantities 

but which is frequently low in agricultural soils. You may be 

wondering how soils can be nitrogen deficient while we are 

surrounded by it nitrogen gas makes up 78% of the air we breathe. 

Plants and animals, however, suffer a conundrum akin to that of the 

ancient mariner, who was stranded at sea without fresh water, 

water, everywhere, and not a drop to drink. Unfortunately, neither 

animals nor plants can consume nitrogen gas (N2). Some bacteria, 

on the other hand, can take nitrogen gas from the environment and 

transform it into a form that plants can use to build amino acids and 

proteins. Nitrogen fixation is the name given to this conversion 

process [3-8]. 

Plants and animals, on the other hand, face a dilemma similar to 

that of the Ancient Mariner, who was stranded at sea without fresh 

water: "Water, water, everywhere, and not a drop to drink." 

Unfortunately, neither animals nor plants have the ability to ingest 

nitrogen gas (N2). However, some bacteria can convert nitrogen gas 

from the environment into a form that plants can use to build amino 

acids and proteins. This conversion process is known as nitrogen 

fixation. 

Some legumes or their derivatives, such as peas, dry beans, and 

soybean tofu, are consumed. Animal feed is made from soybeans, 

alfalfa, and clover. Clovers and hairy vetch are produced as cover 

crops to improve the soil with organic matter and nitrogen in 

preparation for the next harvest. Each year, microorganisms in an 

alfalfa field can repair hundreds of pounds of nitrogen per acre. The 

amount of nitrogen fixed by peas is substantially smaller, ranging 

from 30 to 50 pounds per acre. Another type of bacteria, 

actinomycetes, breaks down giant lignin molecules into smaller 

ones. Lignin is a big and complex chemical found in plant tissue, 

particularly stems, that most organisms find difficult to break down. 

Lignin also typically protects other molecules from breakdown, 

such as cellulose. Actinomycetes have some traits with fungus, 

however they are occasionally classified separately and given equal 

billing with bacteria and fungi [1-8]. 

A few of sketches of some well recognized microorganisms are 

shown in the following figures.  
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Fig. 1.  A general side view of bacteria 

 

 

Fig. 2.  A general side view of a virus 

 

 

Fig. 3.  A general side view of euglena 

 

 

Fig. 4.  A general side view of a fungus 

 

 

Fig. 5 A general side view of a nematode   

 

Importance of soil microorganisms has been defined as follows.  

 Decomposition of resistant components of plant and animal 

tissue 

 Role in microbial antagonism 

 Participate in humus formation 

 Predator of nematodes 
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 Surface blooming reduces erosion losses 

 Improve soil structure 

 Involved soil structure 

 Maintenance of biological equilibrium 

 

2. Types and Categories of Micrograms in Soil 

 2.1. Bacteria  

Bacteria are the most abundant and tiniest cellular creatures in 

soil. They are prokaryotic organisms that range in size from 0.5mm 

to 1mm in width and 1mm to 2mm in length. The ultra micro-

bacteria can be as small as 0.3mm in diameter and have cell 

contents of less than 0.1 mm3 [1-6]. 

Although bacteria have a variety of cell shapes, including rod, 

spherical, spiral, and filamentous, the most common cell shape 

found in soil is a short rod. Bacteria are one of the most abundant 

groups of microorganisms in soil, with the majority of them found 

in the rhizosphere. Bacteria in the rhizosphere are larger and contain 

more Gram-negative and denitrifying bacteria than bacteria in the 

bulk soil. 

2.2. Fungi 

Soil funguses are eukaryotic organisms that can be unicellular 

but are usually multi cellular. Fungi have more complex 

morphologies and life cycles than bacteria. Yeasts are fungi that 

reproduce asexually by budding. Most other fungi have filaments 

that are highly branched, with strands that are 2 to 30 mm in 

diameter and several centimeters long. Except for yeasts, which can 

survive in anaerobic environments by fermenting sugars into 

alcohol, most fungi are aerobic [1-7]. 

2.3. Actinomycetes 

Actinomycetes are filamentous bacteria, the majority of which 

are Gram-positive bacteria that thrive in neutral to alkaline soils. 

Actinomycetes are primarily anaerobic organisms that develop 

colonies or vast mycelia. However, the mycelia may break off in 

some cases, resulting in rod- or coccid-shaped forms. Despite the 

fact that they are bacteria, their biomass and distinguishing 

characteristics have resulted in a distinct classification. 

Actinomycetes range in size from 0.5 to 1.5 m depending on the 

species [3-9]. 

2.4. Protozoa 

Protozoa are single-celled eukaryotic microorganisms with no 

cell walls. They are motile heterotrophs that consume bacteria, 

yeasts, algae, tiny protozoa, and organic debris for nourishment. 

Flagellates, amoebae, and ciliates are the three types of free-living 

soil protozoa. 

The shape, size, and distribution of these single-celled animals 

differ from that of some protozoan species found in land habitats 

such as soil [2-8]. 

2.5. Algae (blue-green algae) 

Cyanobacteria are phototrophic bacteria that thrive in soils with 

access to light and water. Cyanobacteria are autotrophic eukaryotes 

that include free-living photosynthetic bacteria as well as 

endosymbiotic organisms. Blue-green algae exist as motile 

filaments of cells that spread out to form new colonies. Blue-green 

algae can be colonial or filamentous, and the filamentous forms can 

be heterocystous or non-heterocystous. The heterocysts are 

enormous, thick-walled cells that fix nitrogen under anaerobic 

conditions. 

2.6. Viruses 

Viruses are genetic elements that can reproduce independently 

of chromosomes but not independently of cells. Viruses are smaller 

than bacteria, with diameters ranging from 20 to 30 nm. Viruses are 

obligate parasites of soil bacteria, fungi, insects, plants, and 

animals. Viruses can exist as dormant structures or particles for 

extended periods of time in a variety of environments. Because 

viruses are obligate parasites, they can be found anywhere there is 

life.    

3. Impacts of Microorganisms in Soil 

3.1. Positive Effects of Bacteria in Soil 

 
Bacteria are an important part of the soil's biotic component 

since they are responsible for many physiological activities that 

occur in the soil. Soil bacterial communities provide a plethora of 

ecosystem services that have an impact on the entire functioning of 

the soil environment, both directly and indirectly. Many bacteria in 

the soil create polysaccharides or glycoprotein, which form a 

coating on the soil particle's surface. As a result, these chemicals 

function as cementing agents and strengthen soil structure. 

Bacteria are engaged in the generation of many nutrients for the 

soil and plants as part of many biogeochemical cycles such as the 

nitrogen cycle and the carbon cycle. Bacteria improve soil quality, 

allowing new plant communities to thrive. Furthermore, bacteria are 

important for the enzymatic degradation of complex organic and 

soil substances to nutrients, as well as the release of nutrients and 

trace Enzymes elements from the mineral soil fraction. Bacterial 

populations in soil serve as markers of soil condition [2-8]. 

 

3.2. Negative Effects of Bacteria in Soil 

 
Pathogenic bacteria in the soil may have negative impacts on 

crops, resulting in poor crop health, low yields, and crop loss. Some 

bacteria are known to disrupt the soil's biological balance, resulting 

in soil infertility and poor soil health. Furthermore, pathogenic 

bacteria found in soil can cause a variety of plant illnesses. The 

release of various by-products may alter soil chemical properties 

such as pH, cation exchange capacity, and nutrient content. 

3.3.  Positive Effects of Fungi in Soil 
 

Fungi have critical roles in the soil, where they aid in nutrient 

cycling, water dynamics, and disease suppression, all of which 

contribute to soil health and crop output. Soil aggregates are 

stabilized by fungal hyphens, which bind soil particles together. 

Almost all terrestrial plants generate advantageous mycorrhizal 

symbioses with fungi. Mycorrhizal fungi improve plant uptake of 

mineral nutrients (such as phosphorus and zinc) in return for carbon 

molecules fixed by photosynthesis. Fungi are important organic 

matter decomposers in the soil, where they use nitrogen from the 

soil to decompose woody carbon residues. Fungi's huge size 

protects plants from pests, illnesses, and drought. Antibiotic 

substances such as penicillin and cyclosporine are also produced by 

fungi. Lichens are symbiotic relationships between a fungus and an 

alga or cyanobacterium. They are important soil colonizers with 

important roles in soil formation and stabilization [3-11]. 

3.4.  Negative Effects of Fungi in Soil 
 

Pathogenic fungi in soil cause a variety of plant diseases by 

penetrating plant tissue and cause a weakened, nutrient-deficient 

plant. Fungi, in addition to their direct effects on plants, influence 

plant interactions, altering the competitive balance between two 

species. Mycorrhiza and fungal pathogens also affect seedlings, 

which has a negative impact on plant population dynamics [2-10]. 
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3.5.  Positive Effects of Actinomycetes in Soil 
 

Actinomycetes degrade the most refractory and indecomposable 

organic compounds, resulting in the production of various dark 

black to brown pigments that contribute to the dark hue of soil 

humus. These organisms are also in charge of the degradation of 

humus (resistant substance) in soil. Actinomycetes play an 

important role in agricultural soils because they fix carbon (via 

photosynthesis) and decompose it. Actinomycetes form associations 

with non-leguminous plants and fix N2, which is then available to 

both the host and nearby plants. 

Actinomycetes are the most important group of soil 

microorganisms that recycle organic matter in the environment by 

producing hydrolytic enzymes. They have direct or indirect 

methods that promote plant development while enhancing nutrient 

and mineral availability, synthesizing plant growth regulators, and 

phytopathogen suppression. Many actinomycete features have the 

potential to be used as biocontrol agents [4-12]. 

3.6.  Negative Effects of Actinomycetes in Soil 
 

Actinomycetes' products may have an impact on soil microbes, 

resulting in decreased diversity. Plant diseases caused by 

pathogenic actinomycetes impair plant health and crop loss. 

 

3.7.  Positive Effects of Protozoa in Soil 
 

Protozoans play an important role in terrestrial ecosystems by 

acting as bacterial consumers, resulting in the mineralization of 

organic soil nitrogen to create ammonium. Protozoan communities 

in soil can also be utilized to analyze and monitor changes in soil 

biotic and abiotic components, acting as soil bio indicators. Plant 

biomass can be increased by protozoa regardless of nutrient 

concentration in plant tissue. Many protozoan species feed on 

bacteria and other microbes, enhancing nutrient cycles and energy 

transfer among microorganisms, animals, and plants. 

3.8.  Negative Effects of Protozoa in Soil 
 

Because most bacterial communities in soil provide food for 

protozoa, the presence of protozoa in soil influences bacterial 

diversity. Some protozoa may be damaging to the plant, reducing 

crop health and output. 

3.9.  Positive Effects of Blue-Green Algae in Soil 
 

Cyanobacteria were among the first microorganisms to inhabit 

terrestrial habitats. These microorganisms are important in soil 

because they fix nitrogen and carbon through the synthesis of 

exopolysaccharides, which increase soil fertility and water retention 

capacity. The use of cyanobacteria as inoculants to induce bio crust 

formation on soil is a novel technology that restores barren, 

degraded areas while preventing desertification. 

Because of their filamentous structure, they play important roles 

in increasing soil physical structure, porosity, and retaining soil 

moisture. In the soil, these organisms also produce mucilaginous 

substances and release phytohormones, vitamins, amino acids, and 

secondary metabolites. Many cyanobacterial species have the 

inherent ability to fix atmospheric nitrogen with the assistance of a 

highly specialized cell known as a heterocyst. The use of N2-fixing 

cyanobacteria as a potential N2-biofertilizer source in the field can 

serve as an alternative to conventional organic and chemical 

fertilizers [1-11]. 

3.10. Negative Effects of Blue-Green Algae in Soil 

Blue-green algae may form algal blooms in some cases, 

releasing toxins into the soil and affecting vegetation directly or 

indirectly. The loss of a large cyanobacteria community in the soil 

has an impact on the bacteria communities because it causes oxygen 

depletion. 

4. Conclusions   

      Improve plant development and crop yield, and can greatly 

contribute to crop plant mineral nutrition these beneficial microbes 

have a direct impact on plant nutrition and growth via a variety of 

methods of action. These include atmospheric nitrogen fixation, 

organic matter decomposition, mineral solubility, and the release of 

chelating chemicals and physiologically active molecules such as 

phytohormones. vitamins and enzymes, as well as an increase in 

root system absorbing surface and soil-penetrating capabilities 

Beneficial soil microorganisms also boost soil fertility and plant 

growth through indirect processes such as soil structure 

improvement, increased plant tolerance to a biotic stressors, 

suppression of phytopathogenic fungi and bacteria, and induction of 

plant resistance to diseases. In many cases, combining multiple bio 

fertilizers with diverse modes of action has been shown to have 

synergistic beneficial effects on plant nutrition and growth. 

Conventional agriculture mainly relies on synthetic N 

fertilizers, although half of the N applied is wasted. This poses 

significant environmental risks. Considering the presence of nitrates 

in groundwater and implies a financial loss for the landowners, non-

symbiotic soil microorganisms capable of fixing atmospheric N2 are 

common. Spread over the soil, root surface, root interior, and plant 

aerial tissues the use of non-symbiotic N2-fixing bacteria can 

improve N management in more ways than one. "low-input" 

direction, and can be an important component of sustainable 

agriculture. Most soils have massive reserves of P that are 

unavailable to plants numerous soil and rhizosphere bacteria can be 

solved in soluble substances. Mineral phosphate complexes, mostly 

via acidification and the formation of acidic organic compounds 

they also influence the dispersion of organic phosphates.            

Phosphates from adsorbing surfaces are transferred to soil solution. 

Mycorrhizal fungi have high-affinity P absorption pathways and 

thus boost mycorrhizal P uptake plants. Furthermore, AMF 

determines root architecture alterations, such as increase in total 

root surface and volume, number of tips, and root branching degree 

and improve root soil exploring capability Under real-world 

conditions, the Use of P-solubilizing microorganisms in conjunction 

with mineral fertilizers such as The use of rock phosphate has 

frequently yielded positive results. 
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Abstract: With the progress of the new millennium and the rapid digitization of society, the methods of obtaining information from the 

Internet are evolving daily. Providing the ability to search using voice commands brings a whole new perspective to search engine 

optimization. This raises the question of whether traditional optimization methods are applicable to this type of advanced technology and 
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1. Introduction 

In a decade characterized by the vast advances and development 

in information technologies, the Industry 4.0 concept, the Internet of 

Things (IoT), cloud computing and analytics, Artificial Intelligence 

and machine learning, their implementation plays a major role in the 

digitalization of the society. The present achievements were 

unthinkable only a few years ago. Nowadays, the ability to 

communicate, to develop a business or digital marketing strategy, to 

search for information in Internet has reached a remarkable level on 

a global scope. 

Digital assistants such as Amazon’s Alexa, Google Assistant, 

Microsoft’s Cortana and Apple’s Siri are increasingly becoming a 

part of our everyday lives. The rapid growth in the use of the digital 

assistants, together with that of the mobile searches, determine 

shifting Voice searches to a new level. The Voice search is one of 

the fastest developing search methods and it finds new applications 

as the technology becomes more advanced. The COVID-19 

pandemic accelerated its wider implementation, and since then the 

users which choose to search without touching any devices become 

more and more. An interesting statistic about the use of a mobile 

voice search is presented in [1]. It was observed that people most 

often use the voice search while driving (52.8%). The circumstances 

under which the voice search is used in connection with the local 

business – 45% is observed for all searches, that are directed to get 

address, direction, phone number or the opening hours. The 

searches are made for different business types – restaurants/cafes 

(51%), grocery stores (41%), food delivery (35%), etc. The survey 

presented in [2] shows that the most commonly used device for the 

voice searches is the mobile phone (90%) and next are the smart 

speakers (14%). The Voice searches are mostly done at home 

(92%), more rarely in the car (29%) and in the office (16%). 

The standard internet keywords are words or phrases that serve 

to correlate with the words or phrases that the users, searching for 

information, want to find. The keywords play an important role in 

building and developing search engine optimization (SEO), together 

with the ranking factors, used by the search engines. Google uses 

200 ranking factors [3], from which about 10 have the biggest 

impact [4, 5].  

Search engine optimization is the process of improving the 

visibility of a website through organic results, by optimizing the site 

structure, text, and codes. It is fundamental for building a digital 

marketing strategy and is an integral part of the development of any 

business. Search engine optimization is the most cost-effective and 

reliable method of positioning at the top of a keyword search [6]. 

Traditional search engine optimization methods largely involve the 

use of keywords at almost every stage of development. The selected 

keyword must be contained in all texts as well as titles, page 

permalink, meta description, and image ALT texts. In this way, the 

ranking of the website in the search engine results will reach higher 

positions [6]. 

This paper considers some questions about how the voice search 

is different than the traditional optimization methods, the impact of 

the voice searches on the search engine optimization and what are 

the beneficial effects it provides to users. Providing the ability to 

search using voice commands brings a whole new perspective to 

search engine optimization. 

2. Voice search 

With the advances in the technology, the voice searches and 

chats are also increasingly being used. According to the users, the 

voice searches give new possibilities for communication with 

devices and search engines. Besides the mobile phones, the 

connected devices and the smart speakers, more than 49% of the 

users of the most popular voice assistants, Google Home and 

Amazon Echo, consider them as a necessity, which makes their 

everyday lives more comfortable, easy and secure. The voice search 

has evolved from voice recognition to voice understanding and it is 

gradually adopted into people's daily lives. This makes looking at 

voice search optimization criteria as a necessity when building 

SEO. 

There are hardly a few people write as they speak, especially 

when they are entering search queries. Typically, the voice search 

queries are longer than the text queries and they use conversational 

language.  If the query should be written, a shortened version of the 

question is usually used in the search field, for example "Sofia 

weather". While speaking, it is more likely to ask the overall 

question: "What is the weather like in Sofia?". Programs like 

Google NOW, Siri and Cortana are becoming more and more 

popular. They are developed to make natural phrases more 

understandable for search engines, using artificial intelligence. They 

can correspond and interpret correction in the speech. For example, 

the misinterpreting of a voice search in Google can be corrected by 

spelling the word(s).  

The voice search action sequence is presented In Fig. 1. Every 

time the user makes a voice search inquiry, the voice search 

assistant goes through the following steps [6, 7]: 

 the filtering of the background noises for clearing the 

voice search, 

 digitization of the sound signals into digital data, 

 the voice analysis includes processing of the digital data 

and performing the voice analysis. 

 connection to external sources, like Google Search, to 

deliver relevant answers after translating the information, 

 the pattern recognition includes the comparing of the 

search keywords with the existing samples in different 

databases. 
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Fig. 1 Voice search action sequence. 

 

Automatic speech recognition (ASR) is one of the ways used to 

transform acoustic speech signals into text [8, 9]. ASR systems have 

only been developed for a few of all spoken languages. 

3. Optimization of websites for voice searches 

When using a voice search, the user can have several types of 

intent: to make a reservation, to make a call, to buy something, to 

listen to a song or watch a video, to find specific information on a 

topic or to ask a question. The first step in optimizing for voice 

search is to determine research intent. Instead of relying on 

impression, tools like Answer the public [10] are used to tell what 

questions are being asked about a topic.  

Another important thing for the voice SEO is to focus on the 

type of the questions in the voice searches that are different from 

the organic searches, which use keywords and affirmative 

sentences. Question phrases, like “what”, “how to”, “how”, 

“when”, “who”, “where”, “why”, etc.  that are usually at the 

beginning of the question are of great importance for the voice SEO 

and around them the voice optimization cab be built. When the 

users make organic searches from a computer or phone, they 

typically use short sentences and go directly to the question. For 

example, when a user searches for the best sushi restaurant in Sofia, 

they will type "the best sushi restaurant Sofia" but when using voice 

search they would say: "What is the best sushi restaurant in Sofia?" 

Such question keywords can be used for making classification to 

understand the users, for the expected actions of the users and what 

are the intents of their searches. For example, the users who ask 

"how to" seek for instructions or training on a specific topic, action, 

subject, or field. Answers to such questions in the website content 

can be a way toward the first place of the results from the voice 

search, which give an accurate information about the problem of 

interest by the users. By answering the questions and the needs of 

the users there is an opportunity to generate a lot of traffic from 

voice searches to our websites. A way to put such information in the 

website content could be the organization of a section – “frequently 

asked questions – FAC” and putting answers of the most frequently 

asked questions in the content of the existing page. 

Natural keywords are favored for voice search optimization, 

compared to the shorter phrases that perform better for the organic 

searches. To ensure that the website content is optimized for a voice 

search, it should include long-tail keywords that are more "natural" 

rather than shorter and more memorable keywords that perform 

better in traditional search results.  

Another important element is the comprehensibility of the 

content, using expressions that users are more likely to use in a 

voice search would have an advantage. The sentences should be 

kept short and simple. Even complex content can be broken down 

so that it can be easily understood by anyone as long as it is 

coherent and well structured. Long articles are always ranked better 

by search algorithms regardless of whether they are voice or 

organic. It is recommended to have 1000 to 2000 words on a 

specific topic to meet this readability criterion. 

Responsiveness is more than ever a major factor in leading 

rankings in organic user search. As with organic search 

optimization, it is very important that sites load quickly, have a 

security certificate (SSL), Google ranks this type of site in a higher 

position. The need for an adaptive design that allows the site to be 

viewed on any type of device should also not be underestimated, it is 

one of the main criteria in SEO. Optimizing the size of images is the 

main point for making any web page load faster. Images are the 

largest elements on a site, if their size is not appropriate for their 

purpose on the web, it can cause the site to slow down and rank 

worse in search engines. Google PageSpeedInsight is an 

exceptionally useful software product, which gives summarized 

information about the need for improvements on a given webpage. 

Local business advertising or local SEO has undertaken a rapid 

development in the recent years. There is a growing number of local 

companies that use tools such as Google My Business that enable 

businesses to provide comprehensive information about their 

activity as well as their location. Currently they are grouped in three 

main categories for our location - restaurants, grocery stores and 

services. When it comes to a voice search, the locations and 

businesses close to the user's location are often considered. Which 

makes Google My Business a unique tool for putting businesses on 

the map. Optimizing a website for a voice search gives a great local 

advantage, bringing users together in your area. 

The goal of any optimization is the so-called position zero or 

quick response, which is a part of the summary of the webpage. On 

the desktop, this zero position is immediately after paid ads and 

gives the best position in the search networks. In order for a website 

to rank there, a brief summary of the information found on the site, 

approximately 30 words, must be included. Those paragraphs that 

use Hn tags are easily recognized by Google and give good results 

when initialized by search engines, in combination with the 

keywords and key phrases and questions, good results can be 

expected in voice searches [11]. Google usually gives the voice 

search answers from top-ranking pages, which gives an advantage 

of already optimized websites for traditional organic searches. 

Conclusions 

With the advancement of digitalization and the development of 

search engines, an important step in the future and the 

competitiveness of businesses is to pay attention to the optimization 

for voice searches. The basic advantages from the application of 

voice searches are: the voice search process is faster and more 

efficient, the users receive a prompt response to their queries 

including some additional information, the searches are leaving the 

hands free, allowing to combine the simultaneous fulfillment of 

several tasks. The voice search is available up to now in about 30 

languages.  

A key point in vioce SEO is to consider that there is a difference 

between a traditional search for information by typing a keyword 

and the entire question in the voice search. Also, an important point 

in the voice search optimization is the user’s location. With its help, 

the classification of the search results upon request (e.g. by the 

keywords “near me”) can be carried out, based on the closest 

locations to the user. 
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In this paper in order to optimize the  websites for voice 

searches, are considered several approaches:  

 to use website content closer to the spoken language, with 

shotrer centences and including question phrases (eg. in 

FAQ section), 

 to use long-tail keywords,  

 to ensure fast loading of the content on any kind of device,  

 to use local business advertising by Google My Business,  

 to use Hn tags including summary for the website, 

organization, etc.,  

 to keep the ranking from traditional searches high. 
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applied for obtaining defect-free welds by electron beam welding process, based on experimental data. 
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1. Introduction 

Usually, the values of dichotomous variables are related to the 

probability of an event, which occurs depending on the independent 

variables under study. Using the method of binary logistic 

regression, the dependence of the dichotomous variables (binary, 

when they can be classified into two categories) on one or more 

independent variables can be studied. These independent variables 

can be both quantitative and qualitative [1, 2]. An alternative 

method of statistical research for binary dependent variables is the 

discriminant analysis [3], which also allows to assess the belonging 

of the variables to selected groups. The application of discriminant 

analysis assumes that the distribution of the independent variables is 

normal. For the application of logistic regression, this condition is 

not necessary, while at the same time the results are comparable to 

those of the discriminant analysis [1, 4]. 

Electron beam welding (EBW) is an advanced method of 

production of high-quality joints by local melting and solidification 

of the material, applied for a wide range of industrial applications: 

aerospace, automotive, defence, semiconductor, medical, nuclear, 

oil & gas, power generation and a variety of other industries. EBW 

is the most common method among special welding methods [5, 6]. 

The aim of the present work is to implement a model-based 

approach for the prediction of the presence of defects, depending on 

the variation of the electron beam process parameters – electron 

beam power, welding velocity, the distances from the magnetic lens 

to the surface of the treated stainless-steel samples and to the focus 

of the electron beam. It is assumed that the appearance of defects is 

more probable under some regime conditions [7], which can be 

defined as unfavourable. For the definition of these process 

parameter areas a logistic model is estimated and applied for the 

prediction of the optimal regime conditions of electron beam 

welding.  

2. Binary logistic regression 

Logistic model estimation is a methodology for modelling 

dichotomous variables (binary choice) and is based on the logistic 

distribution, while the probit model is based on the normal 

distribution. These models are similar and often the obtained results 

are also similar. The cumulative logistic distribution function is: 

 1                           𝐹 𝑥 =
1

1 + 𝑒𝑥𝑝 −
𝑥 − 𝜇
𝑠

 
. 

It is assumed that the dichotomous variable y is transformed 

into a continuous variable 𝑦 𝑛 , which is estimated to represent the 

probability of the occurrence of one of the two events y = 1 or y = 

0. For the event y = 1 the transformed 𝑦 𝑛  is: 

 2                           𝑦 𝑛 =  𝑃(у =  1𝑥).  

The variable 𝑦 𝑛  is unobservable (latent), continuous in the range 

(0, 1), and the decision corresponding to the value yi = 1 is made 

when 𝑦 𝑛  exceeds a certain threshold value  (usually a threshold 

value of   = 0.5 is accepted). 

The general representation of the logit model is the following: 

 3           𝑙𝑜𝑔𝑖𝑡 𝑥 = 𝛬 𝑥 = 𝑙𝑛  
𝑃(𝑦 = 1𝑥)

1 − 𝑃(𝑦 = 1𝑥)
 

= 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + ⋯+ 𝑏𝑛𝑥𝑛 . 

In the obtained model, the coefficients bi are estimated using the 

maximum likelihood method [3]. The estimated model, besides the 

first order terms, can be augmented with interaction terms or higher 

order terms. 

An inverse transformation to a binary predicted value is 

performed by the link function, which is the cumulative function of 

the logistic distribution. A solution for 𝑦 𝑛  is obtained: 

 4            𝑦 𝑛 𝑥 = 𝑃 у = 1𝑥 =
1

1+𝑒−𝑿 =
𝑒𝑿

1+𝑒𝑿 .           

where 𝑋 = 𝑏0+𝑏1𝑥1 + 𝑏2𝑥2 + ⋯+ 𝑏𝑛𝑥𝑛 . The solution, 

corresponding to the value yi = 1 is received, when 𝑦 𝑛  exceeds the 

accepted threshold value  from 0 to 1 (typically  = 0.5). Then for 

the predicted value of the output characteristic is obtained: 

 5            𝑦 (𝑥) =  
1,   if 𝑦 𝑛(𝑥) ≥ 𝛿
0,    if  𝑦 𝑛(𝑥) < 𝛿

 , 

where  is the defined е threshold value ( = 0.5). 

3. Case study 

An experiment (81 trials [7]) of electron beam welding of 

stainless-steel samples of type 1H18NT was conducted. The 

accelerating voltage was 70 kV. The experiments were performed 

with beam power values of P = 4.2, 6.3 and 8.4 kW and welding 

velocity of v = 80 cm/min, 20 cm/min and 40 cm/min, with three 

values of the parameter z0 (the distance from the main surface of the 

magnetic lenses of the electron gun to the focus of the electron 

beam): 176 mm, 226 mm and 276 mm and the distance between the 

magnetic lenses and the surface of the sample (zp) for different 

values between 126 mm and 326 mm. 

The measured weld quality characteristics were: the area of the 

weld cross-section, the depth and the width of the weld the presence 

of one or two defects is detected. The requirements for the geometry 

parameters of the welds differ, depending on the technological 

requirements. Nevertheless, there is a constant requirement for the 

absence of defects in the welded joints. The presence or absence of 

defects can be predicted, assuming that this depends on the 

considered process parameter values.  

Based on the logistic regression, several models are compared 

(with only first order terms, with interaction terms and higher order 

terms) by the deviance R2, adjusted deviance R2 and Akaike 

Information Criterion (AIC), indicating how well different models 

fit the experimental data. 
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The following best model for the presence of defects in the weld 

(absence y = 0, presence y = 1), depending on the electron beam 

process parameters – electron beam power (P), welding velocity (v), 

the distances from the magnetic lens to the surface of the treated 

stainless-steel samples (zp) and to the focus of the electron beam 

(z0), was obtained: 

𝛬 𝑥 = 165.3 − 27.0𝑃 − 1.297𝑣 − 0.561𝑧0 − 0.781𝑧𝑝  

− 0.412𝑃2 − 0.000381𝑧𝑝
2 + 0.2281𝑃𝑣 + 0.0883𝑃𝑧0  

+ 0.1557𝑃𝑧𝑝 + 0.000797𝑣𝑧0 + 0.00579𝑣𝑧𝑝 + 0.00267𝑧0𝑧𝑝  

     − 0.001196𝑃𝑣𝑧𝑝 − 0.000429𝑃𝑧0𝑧𝑝  

The estimated model, besides the first order terms, was 

augmented with interaction terms and higher order terms, for which 

likelihood ratio test was performed. The current model has a 

deviance R2 value of 46.02%, an adjusted R2 value of 30.15%, and 

an AIC of 77.64. Higher values of deviance R2 and adjusted 

deviance R2 indicate a better fit. Smaller values of Akaike 

Information Criterion (AIC) indicate a better fit. Another link 

function or another modelling approach might have better fit 

statistics. 

The Pearson, deviance, and Hosmer-Lemeshow goodness-of-fit 

tests [2] indicate that the null hypothesis of an adequate fit is 

accepted (p-values are larger than the accepted  significance level 

of 0.05) – consequently there is insufficient evidence to claim that 

the model does not fit the data adequately. The results from the 

goodness-of-fit tests are presented in Table 1. 

Table 1: Goodness-of-fit tests. 

Test Degrees of 

freedom 
2 p-value 

Deviance 66 47.64 0.957 
Pearson 66 43.99 0.983 
Hosmer-Lemeshow 8 1.90 0.984 

 

4. Results and discussion 

Table 2 presents the classification table, which reflects the 

number of correctly classified positive observations - TP (True 

Positives), correctly classified negative observations - TN (True 

Negatives), positive observations, classified as negative (error type 

I) - FN (False Negatives), negative observations, classified as 

positive (type II error) - FP (False Positives). 

Table 2: Classification table. 

Observations 
Predicted values 

Quantity 
Positives y  = 1 Negatives 𝑦  = 0 

Positives 𝑦𝑖  = 1 TP = 12 FN = 7 19 

Negatives 𝑦𝑖  = 0 FP = 5 TN = 57 62 

Total 17 64 81 

 

From the table, it can be seen that the number of correctly 

predicted positive results (𝑦  = 1) is 12 out of a total of 19 

observations 𝑦𝑖 = 1, and the number of correctly predicted negative 

results (𝑦  = 0) is 57 out of a total of 62 observations. 

With the obtained classification data, relative characteristics and 

indicators for the accuracy of the estimated logistic regression 

model were determined. They are presented in Table 3. 

The relative number of correctly predicted positive cases is 

63.16%, and the relative number of correctly predicted negative 

cases is 91.94%, or the average value of observations correctly 

predicted by the model is 77.55%. 

   The accuracy ACC = 85.19% of the binary regression logistic 

model is relatively high and it can be said that the estimated logistic 

regression model can be used for prediction purposes. 

 

Table 3: Indicators for the accuracy of the logistic model. 

Indicator Value % 

True positives rate TPR = TP/(TP + FN) = 0.631579 63.16 

True negatives rate TNR = TN/(TN + FP) = 0.919355 91.94 

False positives rate FPR = FP/(TN + FP) = 0.080645 8.06 

False negatives rate FNR = FN/(TP + FN) = 0.368421 36.84 

Sensitivity Se = TPR = 1 – FNR = 0.631579 63.16 

Specificity Sp = TNR = 1 – FPR = 0.919355 91.93 

Positive predictive 

value 
PPV = TP/(TP + FP) = 0.705882 70.59 

Negative predictive 
value 

NPV = TN/(TN + FN) = 0.890625 89.06 

Accuracy 
𝐴𝐶𝐶 =

𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
= 

                                               0.851852 

85.19 

 

The estimated logistic model is implemented for the 

investigation of the dependence of the predicted value of the 

transformed continuous output for the defect appearance 𝑦 𝑛 𝑥  on 

process parameter variation of the electron beam welding of 

stainless-steel samples of type 1H18NT.  Fig. 1 presents a contour 

plot 𝑦 𝑛 𝑥  depending on the electron beam power P and the 

welding velocity v for constant values of the other two process 

parameters – the distance from the main surface of the magnetic 

lenses of the electron gun to the focus of the electron beam - 𝑧0 = 

226 mm and the distance between the magnetic lenses and the 

surface of the sample - 𝑧𝑝  = 226 mm. These constant distances 

define a position of the focus of the beam exactly on the surface of 

the treated sample. 

If the accepted threshold value is  = 0.5), it can be seen that the 

defects will appear (𝑦 𝑛 𝑥  = 1) for values of the electron beam 

power between 5.6 kW and 7.5 kW and for welding velocities in the 

region from 20 cm/min to 25 cm/min. 

 
Fig. 1 Contour plot of 𝑦 𝑛 𝑥  depending on the electron beam power P and 

the welding velocity v for  𝑧0 = 226 𝑚𝑚 and 𝑧𝑝 = 226 𝑚𝑚. 

 

    
Fig. 2 Contour plot of 𝑦 𝑛 𝑥  depending on the electron beam power P and 

the welding velocity v for  𝑧0 = 226 𝑚𝑚 and 𝑧𝑝 = 276 𝑚𝑚. 
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Fig. 2 presents a contour plot of the continuous output for the 

defect appearance 𝑦 𝑛 𝑥  as a function of the electron beam power P 

and the welding velocity v for constant values of the distances 𝑧0 = 

226 mm and 𝑧𝑝  = 276 mm. These constant distances define a 

position of the focus of the beam above the surface of the treated 

sample. It can be seen that the defects will appear (𝑦 𝑛 𝑥  = 1) for 

values of the electron beam power between 7.7 kW and 8.4 kW and 

for very small welding velocities in the region from 20 cm/min to 

21 cm/min. 

 

    
Fig. 3 Contour plot of 𝑦 𝑛 𝑥  depending on the electron beam power P 

and the welding velocity v for  𝑧0 = 226 𝑚𝑚 and 𝑧𝑝 = 176 𝑚𝑚. 

 

In Fig. 3 a contour plot of the continuous output for the defect 

appearance 𝑦 𝑛 𝑥  as a function of the electron beam power P and 

the welding velocity v for constant values of the distances 𝑧0 = 226 

mm and 𝑧𝑝  = 176 mm is presented. These constant distances define 

a position of the focus of the beam below the surface of the treated 

sample. It can be seen that the defects will appear (𝑦 𝑛 𝑥  = 1) for a 

wide range of process parameter values - for electron beam powers 

from 4.2 kW to 6.2-7 kW and for welding velocities in the whole 

region from 20 cm/min to 80 cm/min. 

5. Conclusions 

In this paper the binary logistic regression methodology is 

applied for obtaining defect-free welds by electron beam welding 

process, based on experimental data, and depending on the 

following process parameters: electron beam power, welding 

velocity, the distances from the magnetic lens to the surface of the 

treated stainless steel samples and to the focus of the electron beam. 

The estimated binary logistic model is used for the investigation 

of the influence of these parameters and the definition od the areas, 

where the defect appearance is expected. The obtained results show 

that at a distance between the magnetic lens and the focus of the 

electron beam of 𝑧0 = 226 mm the defect appearance is most 

probable for a focus position below the surface of the stainless steel 

samples. On the other hand, a position of the electron beam on the 

sample surface or above the sample surface will result in defect 

appearance for small welding velocities - below 24 cm/min or 21 

cm/min correspondingly. 

Further optimization of the process electron beam welding can 

be done by integration of different technological requirements for 

the geometry of the welded joints with the additional constraint for 

the absence of defects. Multicriterial parameter optimization 

methods can be applied for the simultaneous fulfillment of all 

requirements for all quality characteristics. 
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Abstract: As technology advances every day of our lives and generates vast amounts of data while different systems, sensors etc. are 

working, it is important to meet their needs and demands. Digitalization is one of the biggest driving forces for developing of databases – 

relational and non-relational – in every sphere that they are used, and especially the utilization of NoSQL dBs in areas that were once 

unthinkable. Financial services offered by different institutions usually relied on relational databases only, but with continuously changing 

technologies new ways for managing data emerged. This paper presents an automated tool for evaluation and selection of NoSQL databases 

intended for financial services based on predefined criteria.   
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1. Introduction 
Technological advancements, digitalization of different processes 

around us and the immense growth of data that is generated, 

gathered, used, and analysed, leads to the need of utilization of new 

methods for working with data. For many decades relational dBs 

were the only way for storing data in every sphere. With the 

development of technologies, new ways have emerged, and more 

particularly NoSQL or non-relational databases. These types of 

databases can work not only with structured data, but with semi-

structured and unstructured data. Nowadays, the latter evokes many 

challenges to store, work and analyse. Many spheres have only 

worked with traditional relational databases because the information 

gathered supposes only this type of storage, for example more 

specifically in the financial services area. The digitalization, 

Artificial Intelligence, video calls, chats, etc. are entering the 

different parts of the financial services, which needs new ways for 

storing data and this is where NoSQL comes in hand.  

Financial services and non-relational databases were two 

completely contrasting things, but nowadays institutions working 

with financial services are adopting such types of databases more 

and more. As SQL databases are becoming slower with the vast 

amount of data generated and its unpredictable types [1], NoSQL 

databases are showing their development and advantages, especially 

in the financial sphere. [2] The main aim of this paper is to present 

an automated tool for evaluation and selection of non-relational 

databases intended for financial services based on predefined 

criteria.  

 

2. Background of NoSQL databases 
NoSQL or non-relational databases are comparatively new way for 

storing data. These databases are specialized for working with semi-

structured and unstructured data. NoSQL have some advantages 

compared to the relational ones and they are as follows [3]:  

- Storing and accessing data with the help of key-values 

- Do not need predefined schema  

- Horizontal scalability 

- Offer better performance 

- Flexible and dynamic way for storing and retrieving data.  

There are four types of NoSQL databases – document-based, key-

value stores, column-oriented and graph-based database. Each one 

of them offers similar characteristics, but also something specific 

which is different for every type. Document-based databases store 

information into documents. They are using flexible and not 

predefined schema and can be scaled horizontally. These are some 

of the advantages which allow this database to be used in several 

industries and cases. Some examples of document-based dBs are 

MongoDB and Couchbase. [4] Key-value pair database use key-

value method for storing and retrieving data. These types of dBs are 

good when there is need for fast in-memory access and for apps that 

do not need frequent updates or support for frequent queries. 

Examples of key-value pairs are Amazon Dynamo DB and Redis. 

[5] The next type of database is the Column-oriented one. The 

columnar dBs are good for fast retrieval of columns with data, and 

they are created to scale “out” using distribution on low-cost 

hardware. Some examples of column-oriented databases are HBase, 

Cassandra and MariaDB. [6] Graph-based databases store data into 

nodes and relationships, and not in tables and documents. This type 

is flexible and again as in the other types of NoSQL there is no need 

for a predefined model. Examples of Graph-based databases are 

Orient DB and Neo4j. [7] 

 

3. NoSQL and financial services 
In the past few decades, legacy systems have been working only 

with relational databases, but this is changing fast nowadays 

because of the high needs and demands of the clients in financial 

institutions. For the latter to be able to answer these demands, it’s 

important to develop at a fast pace. Even though NoSQL databases 

were firstly used by Internet giants, nowadays many companies 

from different spheres are adopting the non-relational databases 

because of the faster response time, lower cost, better horizontal 

scalability, etc. NoSQL databases can manage not only structured, 

but semi-structured and unstructured data, which helps immensely 

to store unpredictable data, which is possible to derive from modern 

new applications. [8] 

Even though keeping the old legacy systems working with 

relational databases in financial institutions will be more financially 

reliable for the short period of time, in the future it will be better to 

adopt newer systems which are using NoSQL databases. The full-on 

digital transformation that is happening in the financial services, 

needs better data management and analysis, which is offered by the 

non-relational databases. Big Data and NoSQL offer real-time 

digital validation, crime monitoring, fraud prevention, 

personalization with real-time data, pre-trade assistance, targeted 

marketing which are all important for the development of the 

financial services and the clients which are using them. [9] 

 

4. How to select a NoSQL for financial service?  
After briefly discussing what are the different types of NoSQL 

databases, and how combined with Big Data they can bring 

advantages to the direct clients, it is important to see how the 

companies offering different financial services can make the right 

evaluation and selection for non-relational databases to migrate 

their systems to or to start to develop all over again on completely 

new database.  

Based on detailed literature review on publications for different 

financial services, which are using NoSQL databases as a base of 

their systems, a specific way of evaluation and selection was not 

found. [10,11,12,13,14,15,16,17,18,19] Founded on this research, a 

list with financial services was made (the list it is not exhaustive, 

more services can be added if needed), also criteria for evaluation 

were derived which is as follows: real-time digital authorization, 

personalization, security, pre-trade assistance and targeted 

marketing. [9] For the aim of the research a list with NoSQL 

databases is made as again it is not exhaustive and more can be 

added.  

For the evaluation of NoSQL dBs two elements are evaluated – if 

there is a non-relational solution created for financial service: 0 – 

means no solution, 1 – development, 2 – there is fully working 

financial service solution and the second one is the criteria defined 

above as each one of them has its own weight: 1 – Poor, 2 – 
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Unsatisfactory, 3 – Good, 4 – Very Good and 5 – Excellent. The 

criteria and evaluation of the NoSQL databases are created as an 

expert appraisal based on research and literature review.   

 

5. Automated tool for evaluation and selection of 

NoSQL database 
For the aims of this paper and the follow-up research work on this 

topic that will continue, an automated tool for evaluation and 

selection of NoSQL databases has been created based on the criteria 

and list of predefined non-relational databases. The list of databases 

in the tool at the moment includes Couchbase, MongoDB, Amazon 

Dynamo DB, Redis, MariaDB, HBase, Cassandra, Neo4j, Orient 

DB – at least two examples of every type of non-relational database.  

This tool can help companies to decide which is the correct NoSQL 

database for their particular case and give them suggestions if the 

selected NoSQL database does not correspond fully to their needs 

and requirements. The financial services added to the tool until the 

current moment are as follows: Fraud detection, Mobile wallet, E-

payments, Market data, Trade, Core banking system, 

Personalization, Real-time analytics, Capital markets, Insurance, 

Authentication/Authorization and Risk Management. The list which 

is made is based on the already existing publications and solutions 

of companies on the market.  [10,11,13,14,15,16,18,19] 

The tool for evaluation and selection of NoSQL database, starts 

with the choice if the company will migrate an already existing 

system or it will create absolutely new one, after that the type of 

system needs to be selected and then a list with all existing financial 

services in the tool appears and the client needs to select which ones 

will need for their system. Depending on the choice made on the 

screen, the criteria predefined in the previous point based on the 

expert appraisal and the weight of the different criteria, possible 

solutions for the company are listed based on the calculations made 

by the tool. On the screen a list of possible solutions is visualized. 

As in this list the solution with most points based on the criteria is 

shown at the highest place and less likely solutions are shown 

below it. The NoSQL databases with less points, can also be made 

to work for the given criteria, but changes will be needed. The tool 

gives different options for non-relational databases, because there 

are cases in which the company already has some software that 

works with and even that this is not the best solution, the tool gives 

options and ways to make the already existing one a good choice. 

There are other cases in which the already used and owned by the 

company is too expensive to be make it work and in this case a 

decision should be made according to the results of the tool.  

 

6. Conclusion 
Digitalization and digital transformation is happening in every 

possible sphere, which leads to the collection of immense amounts 

of data that need to be stored in proper way, then analyzed and 

conclusions to be made from it. The challenges are coming from the 

different sources of data and types that are gathered, which leads to 

the need of NoSQL databases, because of their capability of 

working with unpredictable data types.  

In the last years, financial institutions started to adopt new ways for 

storing data and using NoSQL databases as base of their systems, 

because the relational ones are becoming slower with the big 

amounts of data and the inability to store semi-structured and 

unstructured data. The reason for financial sphere to turn to non-

relational databases is because the newest services are generating 

different types of data and financial institutions are transforming 

their legacy systems in better ones with more functionalities and 

data which can not be stored in relational databases anymore. The 

criteria used for evaluation and selection of NoSQL databases is 

predefined in the automated tool which was created for helping the 

companies decide which is the best solution for their case. After 

calculating the points, the tool will show the possible solutions 

based on the characteristics and parameters of the given case.   
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Abstract: Social media, being used by billions of people around the globe have a significant impact on the field of big data. The proliferation 

of social platforms has resulted in a deluge of unstructured data in the form of user-generated content, including text, video, audio, and web 

pages. This data, while rich in information, poses significant challenges for traditional data processing tools, which are primarily designed 

to handle structured data. Processing unstructured data requires specialized tools and techniques, such as natural language processing 

(NLP) and artificial intelligence (AI). One solution for processing this type of data is the IDOL tool, which can not only collect data from 

social media, but can also process it with the help of artificial intelligence. With its support one can extract trends, dynamic patterns or 

relationships to improve business decision-making. In the current paper, a new approach for processing unstructured data from social media 

is proposed, which involves collaboration and integration of different software products. 
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1. Introduction 

The increasing digitalization of ―things‖ and processes in our 

daily lives, driven by technology advancements, has led to a 

significant increase in the amount of data generated in Internet. 

According to Statista, the total amount of data generated and 

consumed globally is estimated to reach 97 zettabytes in 2022, a 

significant increase from previous years. This growth is attributed to 

the growing number of Internet users and online search queries [1]. 

According to a report by Datareporta, as of July 2022, 59% of the 

people use social media platforms [2]. The COVID-19 pandemic 

has further accelerated this trend, with businesses turning to social 

media as a means of connecting with customers and promoting their 

products and services. Data has become a critical resource for the 

success of any business, and social media platforms provide a 

constant stream of real-time data that can be used to monitor and 

track customer sentiment and trending topics. This data can also be 

combined with other sources, such as purchase data or demographic 

data, to create a more comprehensive and detailed analysis. The 

generated data is often unstructured and comes in various forms 

such as text, video, audio, and web content. This presents a 

significant challenge for traditional data storage methods, as 

unstructured data is difficult to organize and process due to its 

inherent complexity and heterogeneity. As a result, effectively 

understanding and making use of unstructured data remains a big 

problem for organizations and individuals alike. To address this 

challenge, solutions that incorporate artificial intelligence are being 

developed to aid in the understanding and processing of the vast 

amounts of data generated [3]. The integration of Artificial 

Intelligence (AI) into technology products that work with big data, 

including social media data, is becoming more widespread. This is 

because AI requires large volumes of data to improve its decision-

making processes and "learn". The incorporation of AI into 

solutions for big data helps automation and increase the efficiency 

of data processing, visualization, and the preparation of predictions 

based on created models [4]. 

The present work examineс and present an approach for 

unstructured data processing and analysis, using AI. It develops 

data understanding by continuously learning from both data and 

end-user behavior. 

2. Unstructured Big Data 

The definition of big data has evolved in recent years. Big data 

refers to complex collections of data with a large volume (reaching 

several zettabytes [1]) that dynamically change. This data, 

generated from various sources, is characterized by its high-speed 

of receipt and processing, and is usually processed using specialized 

systems such as NoSQL databases, Spark, and Hadoop [5]. The big 

data is often characterized by the "Three V's": volume, variety, and 

velocity. These three characteristics represent the main challenges 

posed by big data and highlight the need for innovative solutions to 

store, process, and make sense of the massive amounts of data 

generated every day. In terms of data type, data comprises three 

types of data: structured, semi-structured, and unstructured. 

Structured data is quantifiable and highly organized, often used and 

processed by relational database management systems (RDBMS). It 

adheres to a pre-defined data model and is stored in a tabular form, 

with defined relationships between fields, making it difficult to 

modify if changes to the structure are required [6]. Semi-structured 

data consists of documents stored in formats such as JSON or XML. 

They do not have a precise correspondence with a defined table 

structure or relational database structure. Unlike structured data, 

objects in the same group do not need to have the same attributes 

defining them. To allow for analysis and proper manipulation of 

this type of data, it has classifying characteristics such as tags, 

metadata, or labels that differentiate and distinguish different 

elements of data, putting them in pairs and hierarchies [7]. 

Out of all the generated and collected data on a global scale, 

nearly 80% are unstructured (see Fig. 1) [8], including machine data 

and data generated by humans such as social media posts, images, 

audio, video, sensor data (e.g., NFC or RFID), GPS navigation, data 

collected from mobile phones, etc. [9], [10]. Technologies such as 

computers, mobile devices, and networks and sensors embedded in 

various devices (e.g., IoT) are able to generate high-speed 

information, which is also referred to as machine data. Unstructured 

data refers to sets that are not predefined through data models. 

Complex systems such as Hadoop are used to store and analyze 

them to find and understand dynamic models, trends, and 

relationships existing in the data, which are important for making 

intelligent decisions [11]. 

 

Fig. 1 Percentage of structured, semi-structured and unstructured big data 

generated globally. 

 

3. Challenges of social media data processing  

Due to the variety and complexity of unstructured data, it is 

increasingly difficult to identify and extract meaningful insights 

from these data. The sheer volume and complexity of generated 

data makes data processing a challenge, and traditional applications 

such as Excel, Access, or SQL are not capable of handling such data 

without pre-processing.  
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The main challenge with unstructured data is the lack of tools 

for extracting meaningful information from it, which can be 

properly processed and analyzed to yield valuable knowledge. Part 

of the challenge is that traditional applications cannot truly 

"understand" the information we generate every day in social media 

platforms because this type of data is diverse and complex in terms 

of context [12], [7]. Social media data comes in various formats, 

including text, images, videos, etc., making it difficult to 

standardize the data. Social media platforms generate data in real-

time, which requires quick processing and analysis to keep up with 

the pace. Traditional methods are not very suitable for processing 

unstructured data because they do not provide the necessary tools to 

extract information from the data. Currently, some of the following 

tools are used to extract knowledge from unstructured data: AI-

powered tools, natural language processing (NLP) algorithms, 

image and video analysis algorithms, and speech recognition 

algorithms. These algorithms can be used to extract relevant 

information from the data, classify, categorize and identify patterns 

and relationships in the data [13]. 

4. Unstructured data processing solutions with AI 

To understand the context of the data, the utilization of AI tools 

that assist in the processing, extract knowledge from collected data, 

and identify new opportunities for solving specific problems is 

increasingly becoming more widespread [13]. Machine learning 

models, which are subset of AI tools, is becoming increasingly 

widespread for data validation, integration from multiple sources, 

and maintaining critical organizational knowledge in real-time to 

better understand the context of the data. For example, AI can be 

used to analyze customer feedback and identify trends and patterns 

in customer opinion, or to analyze large volumes of news articles 

and identify emerging trends and patterns in the media. To facilitate 

the processing of large data, systems have been developed quickly 

process incoming data in real-time. These systems can be used for 

real-time business intelligence analysis, AI training, etc. [14]. 

Below are listed some of the techniques based on artificial 

intelligence in unstructured data processing: 

•  NLP is used to extract information from text-based data, such 

as social media posts and comments. NLP techniques, such as 

sentiment analysis and named entity recognition, are used to 

identify, and extract relevant information from the data. NLP 

techniques can be used to extract and categorize text data [15]; 

• ML algorithms, such as decision trees, random forests, and 

support vector machines, can be used to classify and categorize 

unstructured data into different categories and perform predictions. 

ML algorithms can be used to identify patterns and trends in the 

data [14]; 

• Computer Vision: Computer vision techniques are used to 

analyze image and video data, such as facial recognition and object 

detection. This can be useful in detecting patterns and insights from 

images and videos shared on social media [16]. 

 

There are several software products that use AI techniques to 

process and analyze unstructured data. 

4.1. Big data software solutions 

•  Apache Hadoop provides a distributed file system (HDFS - 

Hadoop Distributed File System) for storing large amounts of 

unstructured data, making it accessible to other big data tools. It can 

be used to process social media data using its components such as 

HDFS and MapReduce. Hadoop is designed for batch processing 

and is well-suited for analyzing large volumes of data in a batch 

mode. Hadoop can integrate with machine learning libraries, such 

as Mahout, to process and analyze unstructured data [17]. 

•  Apache Mahout provides scalable machine learning 

algorithms for common AI tasks such as classification, clustering, 

and recommendation. It can be used with Hadoop to process large 

amounts of unstructured big data and can also be used with Spark 

for in-memory processing [18]. 

•  Apache Spark is a fast and flexible data processing 

framework that is well-suited for real-time data processing and 

analysis. Spark provides built-in libraries for machine learning, such 

as MLlib, and can also integrate with other machine learning 

libraries, such as TensorFlow, to process and analyze unstructured 

data. Spark's Resilient Distributed Datasets (RDDs) can be used to 

efficiently process large amounts of unstructured data in parallel 

[18].  

•  Apache MXNet is a deep learning framework that can be used 

to train neural networks on large amounts of unstructured big data. 

MXNet provides an efficient implementation of many deep learning 

algorithms and can scale to multiple GPUs and nodes for large-scale 

data processing [19]. 

• IBM Watson is an AI platform that provides a range of 

services and tools for businesses and developers to process and 

analyze large volumes of data, including unstructured data. IBM 

Watson provides NLP capabilities, machine learning algorithms, 

computer vision capabilities, and chatbot development tools, among 

others. IBM Watson is cloud-based and can be used to process and 

analyze data in real-time [20]. 

• Micro Focus IDOL (Intelligent Data Operating Layer) is a set 

of technologies for processing unstructured data. It includes text 

analytics, speech recognition, and image analysis capabilities, and 

can be used for a variety of applications such as content 

management, search, and knowledge management. IDOL uses 

machine learning algorithms and NLP techniques to extract 

information from unstructured data, such as text, images, and audio. 

It provides features for indexing, searching, and categorizing large 

volumes of data, and can be integrated with other systems such as 

databases, CRM systems, and document management systems. 

IDOL can be used for a variety of use cases, including customer 

service, legal discovery, and media monitoring. It provides APIs for 

customizing and extending its functionality and can be deployed on-

premises or in the cloud [21]. 

 
Table 2: An overview of the software products 

 Use for 

Apache Hadoop batch processing and large-scale data storage 

Apache Mahout recommendation systems, customer 

segmentation, and anomaly detection 

Apache Spark real-time data processing and analysis 

Apache MXNet classification, text generation, and sentiment 

analysis 

IBM Watson comprehensive range of AI-powered services 

and tools for processing and analyzing data 

Micro Focus 

IDOL 

sentiment analysis, content classification, and 

image recognition 

 

All presented products (see Table 1) have advantages and 

challenges in processing unstructured data. This paper proposes a 

new architecture that combines technological products to maximize 

the extraction of valuable knowledge from information coming 

from social media. 

5. Social media data processing with AI 

The proposed architecture includes some of the software 

products mentioned above - IDOL and Hadoop. Hadoop can be 

used to store large volumes of text data such as social media posts, 

while IDOL can be used to perform sentiment analysis on the text 

data stored in Hadoop. The sentiment analysis results can then be 

stored back into Hadoop for further analysis or processing [22]. It is 

important to note that of the software products listed in the 

document, all but IDOL currently lack the ability to directly collect 

real-time social media data. Therefore, the architecture proposed 

here includes IDOL, which provides connectors to directly collect 
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information from multiple repositories, including real-time social 

media. 

IDOL analyzers extract real-time information from various 

connectors. These connectors are important components of the 

IDOL platform and aim to provide a flexible and precise approach 

to manage the collected data [23]. Selected connectors can collect 

data from various sources such as social media, cloud-based 

storage, local and network file systems, Internet servers, websites, 

and more. These connectors can operate in bi-directional mode, 

allowing data handlers to perform editing actions directly on the 

repository [21]. IDOL's advantages over other software solutions 

include the use of artificial intelligence with integrated machine 

learning and neural networks that are constantly evolving and 

learning to improve analysis, both from data received and by 

gathering information about end-user behavior. This system 

explores the actual information that spans the "data space" of 

elements such as documents, people, categories, etc. 

 

 

Fig. 2 Unstructured data processing process 

 

The source of data in the proposed architecture are social 

networks. To retrieve data, connectors for social media (for 

example Twitter and Facebook) have been installed. In addition to 

these, a Hadoop connector to the IDOL server have to be installed. 

These connectors offer the ability to filter data by keywords or 

phrases that are contained in social media. Once the data starts 

being collected, the next step is to save it as a file which needs to be 

imported into IDOL and in parallel data can be imported through 

the connector into the Hadoop environment. The conversion of 

extracted data into the appropriate format is performed by the IDOL 

KeyView component, which is a file format detection, content 

decryption and text extraction solution. The allowed formats of the 

imported data are idx and .xml after which the data is indexed into 

the IDOL repository. The next step is to perform data processing 

and analysis on additional requests to search, filter or sort the data 

in IDOL Find, which uses AI in this processing. After the results are 

generated, they can be efficiently stored in the Hadoop system for 

post-processing using IDOL or other Apache products to extract 

insightful knowledge. 

The Micro Focus IDOL system uses AI and improves the time 

to gain insights and knowledge to create new discoveries and 

patterns that help make intelligent decisions. 

Conclusion 

The processing of unstructured data, particularly that from 

social media sources, remains a persistent challenge. This paper 

provides a examines of various technological solutions to address 

the issue and propose an architecture that leverages the capabilities 

of Micro Focus' IDOL software to process and analyze unstructured 

data using AI techniques. The utilization of AI enables the system 

to comprehend the complexities of human information and 

contextualize the data, thereby facilitating the extraction of relevant 

information. Furthermore, the IDOL system can seamlessly be 

integrated with other systems, such as Hadoop, to enhance real-time 

processing of generated and collected data through direct 

connections to other Apache products. 
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Abstract: In this paper the electron beam welding of Ti–6Al–4V thin plates is simulated by implementation of a moving linear heat 

source model. The simulation results are used for estimation of regression models for the dependencies of molten pool geometry 

characteristics on the electron beam welding process parameters: electron beam power, welding velocity and the plate thickness. The 

optimization of electron beam welding is considered in terms of minimization of the fusion zone geometrical parameters: length, width and 

transverse cross-section area. 

 

Keywords: ELECTRON BEAM WELDING, MODEL ESTIMATION, PREDICTION, MULTICRITERIAL OPTIMIZATION, DECISION 

MAKING 

 

1. Увод 

Електроннолъчевото заваряване е съвременен метод за 

създаване на неразглобяеми съединения чрез локално топене и 

втвърдяване на материала, прилаган широко в промишлеността 

на индустриално развитите страни. Той е най-разпространеният 

метод сред специалните методи на заваряване, защото води до 

икономия на материали, енергия, етапи на работа и работно 

време и намира широко приложение в автомобилната, 

военната, авиационната и други промишлености [1, 2]. 

За да може да отговори на тези изисквания на качеството 

към изработката на заварявания материал, електроннолъчевото 

заваряване търпи непрекъснато развитие. Целите, които се 

преследват с него е да се постигне заваръчен шев с 

необходимата дълбочина, минимална ширина и напречно 

сечение на стопените зони при изработване на заваръчните 

шевове, като в същото време не се нарушава молекулярната 

структура на заварявания материал, а от там да се появи и 

влошаване на показателите му, като например понижаване на 

якостта и появата на дефекти.   

Всичко това се постига чрез регулирането на параметрите 

на процеса, като по този начин може да се направи заваръчен 

шев, който е с добри физико-механични свойства при 

минимални структурни промени.  

Цел на настоящата работа е на базата на проведен 

експеримент да се изследва влиянието на входните параметри: 

входяща мощност на електронния сноп [W], скорост на 

заваряване [mm/sec] и дебелина на плочата [mm] върху 

геометричните характеристики на стопената зона, получена 

при процеса електроннолъчево заваряване на тънки плочи  

титанова сплав Ti-6Al-4V (с дебелина от 0.5 mm до 1.5 mm), а 

именно: дължина на стопената зона, получена при процеса на 

електроннолъчево заваряване [mm], ширина на стопената зона 

[mm] и напречно сечение на стопената зона [mm2].  

За изпълнението на поставените изисквания към 

геометричните характеристики на стопената зона, получена по 

време на процеса електроннолъчево заваряване и определяне 

на работни диапазони, където те да бъдат изпълнени, е 

предложена и многокритериална оптимизация. 

2. Робастно проектиране 

Необходимостта от скъпоструващи мерки за подобряване 

на качеството може съществено да се намали, ако продуктът се 

направи нечувствителен към случайните смущения. 

Робастното инженерно проектиране означава продуктите да 

се проектират така, че техните показатели на качество да са 

нечувствителни към смущаващи въздействия [3]. 

Причините за изменчивостта на показателите могат да 

бъдат варирането на стойностите на факторите в определени 

интервали (ниско качество на суровини, производствени 

неточности, неточно дозиране, некоректни измервания, лоша 

работа на машини и оператори), така и влиянието на външни 

смущаващи въздействия както по време на производствения 

процес, така и при експлоатация на продукта. Един продукт е 

качествен, когато вероятността показателя на качеството да е в 

границите  yi±3σ (σ – средноквадратично отклонение) е 0.997. 

Качеството на продукта се контролира чрез две 

статистически характеристики: 

• Математическо очакване (средна стойност); 

• Дисперсия (разсейване). 

Разглеждането на преноса на грешките във факторните 

нива към изходните характеристики позволява намирането на 

режими, които са робастни по отношение на тези грешки. За 

целта се оценяват два модела, описващи средната стойност и 

дисперсията на изходните характеристики при производствени 

условия [3]. 

Моделът за средната стойност на изходните характеристики 

е: 

(1)   𝑦  𝒑 = 𝐸 𝑦(𝑧) = 𝜂𝑚  𝒑 + 𝜽𝑇𝐸 𝒈 , 

където 𝜂𝑚  𝒑  е модел на изходната характеристика, например 

полиномен регресионен модел. 𝐸(𝒈) е математическо 

отклонение на 𝒈. Вторият член взема предвид отклонението, 

предизвикано от грешки, предадени от параметрите на процеса 

p към изходната характеристика 𝑦  𝒑 ,  𝜽𝑇 е вектор на 

коефициентите на регресионния модел (𝜂𝑚  𝒑 = 𝜽𝑇𝐹), 𝐹 е 

матрица от известни функции f (регресори) на параметрите на 

процеса p, определени чрез регресионния модел и направените 

експерименти, g = h-f, h е вектор на регресорите в 

регресионния модел z, разгледани, като съдържащи грешки (за 

всеки параметър на процеса - zi = pi + ei). 

Моделът на дисперсията е: 
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(2)  𝑠 2 = 𝐸 𝜽𝑇𝛹𝛹𝑇𝜃 + 𝜎ɛ
2 = 𝜽𝑇𝛹𝜃 + 𝜎ɛ

2, 

където Ψ = g = E(g), определена на основа на дисперсиите на 

всеки параметер на процеса z, което може да бъде изчислено с 

помощта на толерансните граници на параметрите на процеса, 

ковариационната матрица на грешките, при наличие на грешки 

във факторните нива, Ψ = Е(ΨΨT) зависи от структурата на 

регресиония модел и от плана на експеримента, 𝜎ɛ
2 е 

случайната грешка на изходната характеристика. 

Изчисляване на ковариационната матрица на грешките Ψ = 

Е(ΨΨT) се базира на някои предположения за математическото 

очакване на грешките, а именно Е(ei) = 0, E(ei
2) = σi

2 (могат да 

бъдат определени например чрез толерансните интервали). 

3. Електроннолъчево заваряване на тънки 

плочи от Ti-6Al-4V сплав 

Широката област на приложение на титановата сплав Ti-

6Al-4V включва военната, авиационната и космическата 

промишленост, производството на добавки, медицинска и 

биомедицинска индустрия. Това се определя от отличните 

свойства на тази титанова сплав като висока якост на опън, 

висока устойчивост на корозия (поради повърхностния слой 

титанов оксид), нисък модул на еластичност, ниска плътност 

(леко тегло), лесна обработка - топлинна обработка, 

заваряемост и изработка. Биосъвместимостта и немагнитните 

свойства на Ti-6Al-4V сплав определят приложенията й за 

телесни импланти, медицинско оборудване и хирургически 

устройства. Титанът и неговите сплави (по-специално сплавта 

Ti-6Al-4V) са реактивни материали и могат да образуват 

стабилни оксиди по време на тяхната термична обработка или 

употреба [4, 5]. 

Предимствата на обработката на Ti-6Al-4V чрез 

технологията за електроннолъчево заваряване (ЕЛЗ) са 

следните:  

- ЕЛЗ обикновено се извършва във висок вакуум, което 

предотвратява окисляването на нагретия и разтопен материал, 

като в същото време го предпазва и от взаимодействие със 

замърсяванията на атмосферата, като по този начин дава 

възможност за обработка на реактивни метали (титан и др.) и 

техните сплави;  

- високата плътност на мощността на електронния лъч 

осигурява дълбоко проникване в детайла, генерирайки тесен 

заваръчен шев с минимална термично засегната зона и без 

използването на заваръчни консумативи. 

Геометрията на разтопената зона и термично засегнатата 

зона, както и появата на дефекти и промяната на механичните 

свойства на заварените образци зависи от голям брой 

параметри, описващи обработвания материал, 

характеристиките на електроннолъчевото оборудване, както и 

от самия технологичен процес. 

Съставът на титановата сплав Ti-6Al-4V е почти 90% титан, 

6% алуминий, 4% ванадий, максимум 0.25% желязо и 

максимум 0.2% кислород [4, 5]. 

Планиран е експеримент, използвайки оптимален 

композиционен план с 1 точка в центъра на координатната 

система и са проведени 15 симулационни опита, чрез 

програмата  SmartWeld [6] в средата на Matlab. За симулациите 

се използва решението на стационарния модел на топлинния 

баланс, включващ линеен, равномерно разпределен топлинен 

източник в движеща се при нагряване заедно с лъча 

координатна система, като се приема, че няма фазови промени 

в пробата по време на обработката [7]. Получени са стойности 

за изследваните геометрични характеристики на стопената зона 

[5]: 

 Дължина на стопената зона – у1 [mm]; 

 Ширина на стопената зона –  y2 [mm]; 

 Напречно сечение на стопената зона –  y3 [mm2]. 

В Таблица 1 са представени оценените регресионни модели 

за изброените геометрични характеристики, както и 

съответните коефициенти на детерминация R2, които са мярка 

за точността на тези модели.  

Таблица 1: Регресионни модели. 

Парам. Регресионен модел R2, % 

y1 
4.376 + 3.4833x1 - 2.2613x2 - 8.0863x3 + 
5.6377x3

2
 + 2.053375x2x3 - 3.075875x1x3 

97.57 

y2 

3.008 + 1.1445x1 - 1.0935x2 - 3.0525x3 + 

1.6195x3
2

 - 0.301875x1x2 + 0.769375x2x3 -
0.619375x1x3 

99.39 

y3 
2.934 + 0.899x1 - 0.786x2 - 0.739x3 + 0.206x2

2   
 

- 0.22625x1x2 + 0.18375x2x3 
99.97 

4. Модели за средните стойности и 

дисперсиите  

Чрез статистическия софтуер Qstatlab [8] са оценени 

модели за средната стойност и дисперсията на изследваните 

геометрични характеристики на стопената зона по време на 

електроннолъчево заваряване. Моделите отразяват наличието 

на грешки в параметрите на процеса, отчетени на база 

толеранстните граници и описани в Таблица 2.  

Таблица 2: Толерансни граници на параметрите на процеса. 

№ Наименование   Толерансни граници 

1 Мощност на електронния лъч z1 ±3% 

2 Скорост на заваряване z2 ±5% 

3 Дебелина на плочата z3 ±0.05 

 

a) 

б) 
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Фиг. 1 Контурни графики на средните стойности (а) и дисперсиите 
(б) на дължина на стопената зона при дебелина на плочата z3 = 1.5 

mm. 

На Фиг. 1-3 са показани контурни графики на средните 

стойности и дисперсиите на дължините, ширините и площите 

на напречните сечения на стопената зона при дебелина на 

тънките пластини z3 = 1.5 mm и при вариране на мощността на 

електронния лъч z1 W и на скоростта на заваряване z2 mm/sec.  

От Фиг. 1а се вижда, че минимална средна стойност на 

дължината на стопената зона ще се получи при стойности на 

мощността на електронния лъч z1 < 620 W и скорост на 

заваряване z2 > 24 mm/sec. Максимална дължина на стопената 

зона ще се получи при скорост на заваряване z2 < 16 mm/sec и 

мощност на електронния лъч z1 > 880 W. В същото време от 

Фиг. 1б се вижда, че минимална дисперсия ще се получи при 

минимални стойности на мощността на електронния лъч z1 > 

840 W, без значение от скоростта на заваряване z2 или при  

мощност на електронния лъч z1 < 760 W и z2 < 17 mm/sec. От 

двете контурни графики се вижда още, че минималната средна 

стойност на дължината на стопената зона ще се получи при 

максимални стойности на дисперсията и обратно - най-голяма 

средна стойност за дължината на стопената зона се получава 

при минимални стойности на дисперсията. 

От Фиг. 2а се вижда, че минимална средна стойност на 

ширината на стопената зона (y  2 < 1.325 𝑚𝑚) ще се получи при 

минимални стойности на мощността на електронния лъч z1 < 

620 W и без значение от скоростта на заваряване z2. От Фиг. 2б 

се вижда, че дисперсията има минимални стойности, ако 

мощността на електронния лъч е в границите 670 W ≤ z1 ≤ 800 

W и скорост на заваряване 17.5 mm/sec ≤ z2 ≤ 22 mm/sec. 

а) 

б) 

Фиг. 2 Контурни графики на средните стойности (а) и дисперсиите 
(б) на ширината на стопената зона при дебелина на плочата z3 = 1.5 

mm. 

От Фиг. 3а се вижда, че минимална средна стойност на 

площта на напречното сечение на стопената зона ще се получи 

при минимални стойности на мощността на електронния лъч z1 

< 620 W и скорост на заваряване z2 > 22 mm/sec. В същото 

време, от Фиг. 3б се вижда, че при тези настройки дисперсията 

също е минимална. 

а) 

б) 

Фиг. 3 Контурни графики на средните стойности (а) и дисперсиите 

(б) на площта на напречното сечение на стопената зона при дебелина 

на плочата z3 = 1.5 mm. 

5. Параметрична многокритериална 

оптимизация и взимане на решения 

Чрез статистическия софтуер QstaLab са получени петдесет 

компромисни Парето-оптимални решения, целящи 

едновременното изпълнение на следните изисквания за 

средните стойности и дисперсиите на геометричните 

характеристики на заваръчните шевове: 

y  1 → 𝑚𝑖𝑛,  

y  2 → 𝑚𝑖𝑛,  

y  3 → 𝑚𝑖𝑛, 

𝑠 1
2 →  𝑚𝑖𝑛, 

𝑠 2
2 →  𝑚𝑖𝑛, 

𝑠 3
2 →  𝑚𝑖𝑛. 

Парето-оптималните решения се характеризират с това, че 

са компромисни решения, тъй като нито един показател не 
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може да бъде подобрен, без това да влоши поне един от 

останалите показатели.  

Извадка на първите пет от получените петдесет 

компромисни Парето-оптимални решения е показана в Таблица 

3. Въпреки, че броят на получените компромисни Парето-

оптимални решения е голям, оптималните стойности на 

параметрите на процеса (Таблица 4) не се отличават 

съществено, тъй като областта на едновременното изпълнение 

за всички ограничения е сравнително малка. 

Таблица 3: Парето-оптимални решения. 

№ 
𝐲  𝟏 

[mm] 
𝒔 𝟏
𝟐 

𝐲  𝟐 

[mm] 
𝒔 𝟐
𝟐 

𝐲  𝟑 

[mm2] 
𝒔 𝟑
𝟐 

1 1.3831 3.318 1.0649 0.1223 1.2339 0.0022 

2 0.0039 3.2672 0.927 0.121 1.6841 0.0023 

3 2.2935 3.2498 2.2089 0.123 3.4118 0.0101 

4 0.906 3.3152 0.9571 0.122 1.1755 0.0022 

5 2.3529 3.2498 2.1376 0.1224 3.1428 0.0067 

 
Таблица 4: Параметри на процеса за Парето-оптимални решения. 

№ z1 z2 z3 

1 623.8642 25 1.5 

2 684.1679 25 1.3382 

3 807.6962 15.1149 1.5 

4 604.2217 25 1.4733 

5 899.9969 19.7151 1.5 

 

Оптимистичен подход 

Този подход се нарича „оптимистичен“, тъй като се задават 

„оптимистични“, високи изисквания за препоръчаните 

стойности на целевите функции и се минимизират загубите, т.е. 

недостига до тях [9].  

Обобщената целева функция 𝐹(𝑥)
𝑂𝑝𝑡

, на която трябва да се 

намери минимума по отношение на управляващите параметри 

x, се получава по формулата: 

(3)    𝐹(𝑥)
𝑂𝑝𝑡

=
1

𝑚
 (

𝑦𝑗
𝑂𝑝𝑡

−𝑦𝑗 (𝑥)

∆𝑗
)2 → 𝑚𝑖𝑛𝑚

𝑗=1 , 

(4)  ∆𝑗  = у𝑚𝑎𝑥 ,𝑗 − у𝑚𝑖𝑛 ,𝑗 , 

където 𝑦𝑗
𝑂𝑝𝑡

 е оптималната препоръчана стойност (най-добрият 

резултат от получените 50 Парето-оптимални решения) за 

целевата функция 𝑦𝑗 ;  𝑦𝑗 ,𝑚𝑖𝑛  и 𝑦𝑗 ,𝑚𝑎𝑥  са минималната и 

максималната стойност на дадената целева функция, а 𝑦𝑗 (𝑥) са 

получените стойности на всеки от показателите 𝑦𝑗 . 

В Таблица 5 са представени целевите оптимистични и 

песимистични стойности за всяка една от изследваните 

характеристики, заедно с референтните им стойности и 

изчислената по формула (4) разлика.  

Таблица 5: Параметри на процеса за Парето-оптимални решения. 

Парам. 𝐲  𝟏 
[mm] 

𝒔 𝟏
𝟐 

𝐲  𝟐 
[mm] 

𝒔 𝟐
𝟐 

𝐲  𝟑 
[mm2] 

𝒔 𝟑
𝟐 

Цел min  min  min  min  min  min  

у𝑗
𝑂𝑝𝑡  0.004 3.2498 0.7995 0.1208 1.1269 0.0022 

у𝑗
𝑃𝑒𝑠  2.3529 3.3267 2.22778 0.1234 3.4164 0.0102 

у
𝑗 ,𝑚𝑎𝑥

 2.3529 3.3267 2.22778 0.1234 3.4164 0.0102 

у
𝑗 ,𝑚𝑖𝑛

 0.0039 3.2498 0.7995 0.1208 1.1269 0.0022 

∆𝑗  2.349 0.0769 1.4283 0.0026 2.2895 0.008 

 

Таблица 6: Оптимални решения, спрямо Оптимистичния подход. 

№ 𝑭𝑶𝒑𝒕 𝒛𝟏 𝒛𝟐 𝒛𝟑 𝒚 𝟏 𝝈 𝟏
𝟐 𝒚 𝟐 𝝈 𝟏

𝟐 𝒚 𝟑 𝝈 𝟏
𝟐 

2 0.021 684.2 25 1.34 0.004 3.26 0.93 0.1 1.7 0.002 

19 0.034 625.1 21.9 1.41 0.485 3.28 0.98 0.1 1.5 0.003 

35 0.035 638.4 25 1.39 0.084 3.28 0.86 0.1 1.4 0.002 

26 0.036 643.1 21.8 1.40 0.554 3.27 1.05 0.1 1.6 0.003 

49 0.037 685.9 25 1.41 0.526 3.27 0.98 0.1 1.6 0.002 

 

При прилагането на Оптимистичния подход върху 

петдесетте Парето-компромисни решения се цели 

минимизиране на стойността FOpt. В Таблица 6 са показани 

първите 5 резултата с най-ниска стойност на FOpt, като първата 

колонка показва номера на Парето-оптималното решение. От 

нея се вижда, че според Оптимистичния подход, най-ниска 

стойност за FOpt = 0.021 ще се получи при Парето-оптимално 

решение № 2 (Таблица 6). 

Песимистичен подход 

Този подход се нарича „песимистичен“, тъй като се задават 

„песимистични“, минимално допустими изисквания за 

препоръчаните стойности на целевите функции и се 

максимизират надхвърлянията над тях, наречени „полезност“ 

[9].   

Обобщената целева функция 𝐹(𝑥)
𝑃𝑒𝑠 , на която трябва да се 

намери максимума по отношение на управляващите параметри 

x, се получава по формулата:  

 5                          𝐹𝑃𝑒𝑠 𝑥 =
1

𝑚
  

𝑦𝑗  𝑥 − 𝑦𝑗
𝑃𝑒𝑠

∆𝑗
 

2

 

𝑚

𝑗=1

                          

В Таблица 7 са показани  първите пет резултата с най-

висока стойност на FPes. Вижда се, че според песимистичния 

подход най-висока стойност за FPes = 0.80942 ще се получи при 

Парето-оптимално решение № 35. 

Таблица 7: Оптимални решения, спрямо Песимистичния подход. 

№ 𝑭𝑶𝒑𝒕 𝒛𝟏 𝒛𝟐 𝒛𝟑 𝒚 𝟏 𝝈 𝟏
𝟐 𝒚 𝟐 𝝈 𝟏

𝟐 𝒚 𝟑 𝝈 𝟏
𝟐 

35 0.809 638.4 25 1.39 0.084 3.28 0.86 0.1 1.4 0.002 

2 0.804 684.2 25 1.34 0.004 3.26 0.93 0.1 1.7 0.002 

9 0.796 600.5 25 1.41 0.007 3.30 0.80 0.1 1.2 0.002 

27 0.788 623.9 25 1.41 0.135 2.29 0.84 0.1 1.3 0.002 

43 0.781 634.8 25 1.41 0.167 3.29 0.86 0.1 1.3 0.002 

 

Сравняването на Оптимистичния и Песимистичния подход 

може да се извърши след изчисляване на абсолютната им 

грешка, което става по следната формула: 

𝛿𝑎𝑗 =  у𝑗 ,𝑜𝑝𝑡  𝑥 − у𝑗
∗ 𝑥  , 

където 𝑦𝑗
∗ 𝑥  е най-доброто/оптималното получено решение за 

j-та качествена характеристика, сравнена с референтната 

стойност на Оптимистичния подход. В този случай, 

процентната грешка може да се изчисли по формулата: 

𝛿𝑟𝑗 =
𝛿𝑎𝑗

Δ𝑗
∗ 100%. 

Получените резултати са дадени в Таблица 8. 

Таблица 8: Сравнение на приложените оптимизационни стратегии. 

Парам. 𝒚  𝟏 𝝈 𝟏
𝟐 𝒚  𝟐 𝝈 𝟐

𝟐 𝒚  𝟑 𝝈 𝟑
𝟐 

Цел min  min  min  min  min  min  

𝑞𝑗
∗ 0.004 3.2498 0.7995 0.1208 1.1269 0.0022 

∆𝑗  2.349 0.0769 1.4283 0.0026 2.2895 0.008 

𝒚𝒋,𝒐𝒑𝒕/Опт. 0.004 3.2672 0.927 0.121 1.6841 0.0023 

𝜹𝒂𝒋 0 0.0174 0.1275 0.0002 0.5572 0.0001 

𝜹𝒓𝒋,% 0 22.627 8.9267 7.6923 24.337 1.25 

𝒚𝒋,𝒐𝒑𝒕/Пес. 0.084 3.2833 0.8597 0.1209 1.4165 0.0022 

𝜹𝒂𝒋 0.0801 0.0335 0.0602 0.0001 0.2896 0 

𝜹𝒓𝒋,% 3.4099 43.563 4.2148 3.8461 12.649 0 

 

От Таблица 8 се вижда, че прилаганите подходи дават 

различни резултати. Двата от параметрите 𝑦  1 и 𝜎 1
2 са по-добри 
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при Оптимистичния подход, а при всички останали 

Песимистичният подход дава по-добри резултати.   

При избиране на Песимистичния подход, най-голям 

компромис ще се направи с дисперсията при дължината на 

стопената зона 𝜎 1
2, където се предвижда отклонение от 43.56% 

от оптималната стойност. За сметка на това, отклонението на 

𝑦  1, 𝑦  2 и останалите дисперсии е под 4.5% спрямо оптималната 

стойност, а на напречно сечение на стопената зона 𝑦  3 е 12.65%. 

За сравнение, отклонението на същите параметри при 

Оптимистичния подход е под 10%, а за 𝑦  3 е 24.34% или почти 

двойно по-високи стойности спрямо Песимистичния подход. 

6. Заключение 

В настоящата работа е изследвано влиянието на 

изменението на входните параметри: мощност на електронния 

лъч, скорост на заваряване и дебелина на плочите върху 

геометричните характеристики на стопената зона, получена 

при електроннолъчевото заваряване на тънки плочи титанова 

сплав Ti-6Al-4V. Изследваните геометрични характеристики 

са: дължина на стопената зона, ширина на стопената зона и 

напречно сечение на стопената зона.  

Получените в настоящата работа резултати могат да се 

обобщят по следния начин: 

 Оценени са регресионни модели на геометричните 

характеристики на стопената зона. 

 Оценените модели са използвани за оценяване на 

модели за средните стойности и дисперсията. 

 Оценените модели са използвани за прилагането на 

многокритериална Парето-оптимизация чрез прилагане 

на Генетичен алгоритъм, при което са получени 

петдесет Парето-оптимални решения. 

 Върху получените петдесет Парето-оптимални 

решения са приложени Оптимистичен и Песимистичен 

подход и са ранжирани и препоръчани 5-те най-добри 

оптимални решения спрямо всяко едно от приложените 

многокритериални оптимизационни решения. 

 Изчислена е абсолютната грешка на най-доброто 

получено решение спрямо всяка една от стратегиите. 

Получените резултати са сравнени и е препоръчан 

избор на оптималното решение, получено при 

Песимистичния подход. 
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experimental testing of the reliability of the machines is proposed and the interrelation of the elements of the methodology is shown. 
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The idea of justified comparison of the same type of machines has 

been developed, ie. machines with the same functional purpose, 

using statistical criteria to prove the significance of the difference in 

the characteristics of the reliability indicators. 

Reliability is a complex property of an object to perform certain 

functions, maintaining over time the values of the established 

indicators within certain limits, corresponding to certain modes and 

conditions of operation, maintenance, repair, storage and 

transportation, / figure 1/.  

 

 

The essence of the definition of reliability and its elements also 

determine the main elements of the methodology for experimental 

testing of objects for the determination of the indicators and 

characteristics of the basic and properties / reliability, durability, 

maintainability and storage / and for comparing the types of objects 

with the same purpose, but produced from different companies or 

organizations. 

The purpose of the reliability test is to experimentally determine the 

quantitative and qualitative characteristics of the properties of 

objects at work, to simulate operating conditions and / or to 

reproduce the effects on objects under a given program. There are 

four stages to each test: test design, test run, test result processing, 

result analysis and decision selection, / figure 2/. 

 

 
 

The subject of our research will be the following stages: test 

planning, processing of test results, analysis of results and taking 

management decision. 

 

 

The nature of the test types given in Figure 3 is as 

follows: 

 Definitive tests are carried out to obtain quantitative estimates 

of the numerical characteristics of the reliability indicators, to 

verify that the values of these indicators are not less than a 

certain value; 

 Control tests are carried out to determine the conformity of 

mass-produced production with the requirements specified in 

the technical conditions; 

 Special tests are conducted to determine the influence of a 

factor on the level of reliability of the site; 

 Accelerated tests are conducted to obtain information on the 

reliability of the sites in a shorter timeframe compared to the 

operating conditions; 

 Forced trials are conducted to obtain information in a short 

time at the expense of acceleration by increasing load, 

temperature, speed and other factors; 

 Reduced tests are conducted to obtain information about the 

compaction of the tests over time, ie. shortening of idle times 

and downtime, continuous work around the clock, etc. 

The experimental test methodology is identical in all types of tests 

with respect to its basic elements and is shown in Figure 4. 
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Fig. 4. Structure and interrelation of the elements of the experimental testing methodology at the level of reliability of the machines: (ЦМИ 

)-purpose of the testing methodology; ЗИ- test tasks; КО -criteria for assessment of the condition of the site; ОИ test subject; ВП- input 

factors; ИП- output parameters; УИ test conditions; ПИ - test plan; БO-number of objects; ВИ - test time; MOA-methods for processing 

and analysis of test results; КЗС-  criteria for the statistical significance of test evaluations; ФПР-form of presentation of test results 

 

We will look at the following basic elements of the methodology 

for experimental testing of machines: 

Failure or limit criteria. Failure or limit state criteria are referred 

to as distinguishing signs of failure or limit state of the machine. As 

a distinctive feature can serve the basic parameters of the object, the 

change of which characterize the transition of the object from 

working to inoperable or in a limiting state. 

Depending on the nature of the parameters used for the 

distinguishing feature, the criteria for failure or limit state can be: 

technical, technological, economic, aesthetic, environmental and 

ergonomic. 

Test plan. Observation planning means the choice of the site, the 

conditions for conducting the operational observations and the test / 

observation plan (establishing the number of observation sites and 

the duration of the observation). 

According to the research plan, the latter are divided into the 

following main groups: [NUN]; [NUT], [NUr], [NRT], [NRr], 

where U means a plan in which failed objects are not replaced by 

new "Unrepaired"; R – means a plan whereby failed objects are 

replaced with new or “Repaired” ones. 

Within the limits of this classification, the following plans shall also 

be used:  

 RT1 –- the object of test is a single product which, failing, is 

replaced by a new or refurbished over a fixed construction Ti; 

 RT1 –  the object to be tested is a single product which, by 

refusing, is replaced by a new or refurbished to a fixed number of 

failures r; 

     )0(,)0(  rNRTrNUT  - N articles are the 

subject of the test and the failures are replaced or not during the 

manufacture T no failure is registered. 

If, in a test plan, objects are switched on or replaced by tests at the 

same time, "not rigorous" plans are indicated not by square 

brackets, but by parentheses. For example: (NUT) is such a plan in 

which some of the products are later included or removed from 

testing prior to completion of the T production. 

If, during the test, the control of the operation is performed 

periodically at specified intervals (construction), then the relevant 

designations are: 

    NUT  is a plan of test without regeneration for a fixed 

production T, wherein the controlling operation is performed 

periodically; 

  NUT – - the same plan, but the objects do or do not take the 

test at the same time as the design T. It is assumed that the moments 

of receipt or removal of the products during the test coincide with 

the moments of control. 

Finally, the boundary layer, when the products are not replaced, the 

test continues until a certain design is made, and the control is 

carried out only before the start and after the test. This is the so-

called "non-parametric" test scheme and is referred to as 

 hkNUT  

Generally, in the reliability test, three types of random variables 

(conversions) can be obtained from which the sample consists: 

1. Complete conversions, these are random dimensions of making a 

failure (between failures); 

2. Incomplete conversions, ie random variables expressing the 

manufacture up to the time of termination of the test or withdrawal 

of the test article before failure; 

3. Conditional conversions represent some fixed value - production 

up to the moment of control in which a failure is detected, ie. a 

value known only to the effect that the actual value of the 

manufacture does not exceed a given fixed value. This is a common 

type of experimental data relevant to cases where controls are 

carried out at discrete times. 

The conditional graphic designations of these conversions are 

presented in Figure 5. If the test is terminated when the test fails, 

the complete realization shall be indicated by a encircled cross. 

The monitoring plan shall be selected according to the objectives of 

the study 

 

 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

54

 



 
 

Fig. 5. Graphic Conversion Label 

 

For each of the monitoring plans indicated, the elements 

of the objects that have reached the limit state are replaced 

according to the plan with new or repaired ones, but the information 

about the newly placed elements is reported separately and remains 

in the array of information of the given object (machine). 

Observation of a particular complex object (eg tractor) is terminated 

if it is sent for full repair (ie the machine has reached a limit state) 

due to its general technical condition, or if two of the main units for 

the observation period (engine, gearbox, rear or drive axle) have 

reached the limit state and are to be replaced. 

When developing a monitoring plan, it is necessary to take into 

account the following points related to the possibilities of using the 

different collection methods and types of information to evaluate 

the integrity of sites: 

(a) Data on the trouble-free operation of the machinery under 

operational conditions shall be obtained by conducting continuous 

monitoring from the beginning of the use of the site to a particular 

manufacture, calendar duration or condition. In the course of such 

observations, data are also obtained about the resource of the main 

elements of the site (construction to the limit state); 

(b) Information on more complex failures of elements (including 

workmanship to the limit state) that are remedied and the 

consequences are recorded in the economic records can also be 

obtained through periodic observations that take place over a period 

of time; 

c) The estimation of the resource of the elements of the objects can 

be made with sufficient accuracy using the methods of wear 

forecasting and the various diagnostic parameters of the condition. 

d) The data on the change of the parameters of the condition and the 

wear and tear can be obtained at carrying out the periodic 

inspections using the means and methods of technical diagnostics, 

at the technical expertise of the failed elements or at the arrival of 

the objects in the repair enterprises. 

Methodology for determining the characteristics of test reliability 

indicators, / fig. 6/. 

 

 
 

The characteristics of the machine reliability indicators are random 

variables, the numerical characteristics of which are given in Fig. 7. 

 

complete conversion 

 

incomplete conversion 

 

conditional realization 
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When conducting an experimental testing of machines, it is of 

interest to compare the individual samples and to select better or 

more appropriate criteria. Very often, when testing different 

machines, it is necessary to evaluate the statistical significance of 

the results obtained, ie. whether differences are statistically 

significant or not. 

 

Two groups of criteria are used to provide a reasoned answer and to 

prove the statistical differences or indistinguishability of the test 

results: parametric (Student's criteria) and nonparametric (Man-

Whitney criteria). 

 

The essence of the statement comparing the statistical significance 

of the characteristics of the reliability indicators is given in Fig. 8. 
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Main conclusions: 

1. A methodology for the experimental testing of 

machinery reliability is proposed and the interrelation of the 

elements of the methodology is shown. 

2. The machine-specific elements of the proposed 

methodology for the experimental testing of machines are justified. 

3. The idea of justified comparison of the same type of 

machines has been developed. machines with the same functional 

purpose, using statistical criteria to prove the significance of the 

difference in the characteristics of the reliability indicators. 
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Basic principles of aggregation of hinged agricultural machinery 
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Summary: Rules for aggregating mounted agricultural machines have been systematized. Dependencies are derived for determining the 

parameters of the tractor after aggregation with the machine and the rules for safe work according to the norms are given. 

 

Introduction 

An essential part of the agricultural machines are hinged, 

they do not have their own running system and must use the running 

system of the tractor. This changes the technical characteristics of 

the tractor’s running system. In order for the tractor to be 

operational and safe for work and transport, a number of 

requirements must be met. Both the technical parameters of the 

tractor and the machine take part in formulating these requirements. 

In order to correctly assemble the mounted machine and to comply 

with the rules for safe operation with it, it is necessary to comply 

with some basic rules presented in this study. 

Purpose of the study 

To derive dependencies for the calculation of the parameters related 

to the aggregation of the hinged agricultural machines. 

 

When aggregating a mounted machine, it is necessary to calculate 

the actual values for the total weight of the tractor, the axle load of 

the tractor and the load capacity of the tires, as well as the required 

minimum balancing, which is sufficient load on the front axle to 

ensure safe handling. 

 
Fig. 1 Tractor parameters required for calculations 

 

To display the dependencies, the following notations are 

introduced (Fig. 1): 

TL [кг] tractor’s own weight, 

TV [кг] Front axle load with unloaded tractor, 

TH [кг] Rear axle load with unloaded tractor, 

They are taken from the tractor's "Operation manual" or the 

vehicle's license plate 

GH [кг] Total weight of the rear mounted machine 

GV [кг] ] Total weight of the front-mounted machine or 

front weight 

They are taken from the technical data of the front attachment or 

front weight machine 

a [м] The distance between the center of gravity of a 

machine with front suspension or front weight and 

average front axle (sum a1 + a2) are taken from technical 

data tractor and machine with front suspension or front 

weight or measured 

a1 [м Distance middle front axle to the middle of the 

connection of the lower lifting rod is taken from the 

"Operation manual" of the tractor or measured 

a2 [м] Distance from the middle point of connection of 

the lower lifting rods to the center of gravity of a machine with 

front suspension or front weight (distance between the points of 

gravity) is taken from the technical data of the tractor and the 

machine with front suspension or front weight or is measured 

b [м] Distance between the wheels of the tractor, taken 

from the "Operation manual" of the tractor or vehicle plate or 

measured 

c [м] Distance between the middle of the rear axle and the 

middle of the connection of the lower lifting rods, taken from the 

"Operation manual" of the tractor or vehicle plate or measured 

d [м] Distance between the middle of the connection 

point of the lower connecting rods and the center of gravity of the 

rear-mounted machine or rear weight (distance from the center of 

gravity) is taken from the technical data of the machine 

 

Commissioning 

Calculation of the required minimum weight on the front 

axle GV min to guarantee the steering of the tractor. 

GV min = (GH • (c + d) - TV • b + 0,2 • TL • b)/(a + b) 

The calculated actual numerical value of the obtained 

minimum balancing GV min is compared with the permissible value 

according to the "Operation Manual" of the tractor required on the 

front side of the tractor. It is necessary that the calculated actual 

numerical value of the obtained minimum balancing GV min should 

be less than or equal to the permissible value. 
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Calculation of the actual load on the front axle of the tractor TV 

tat 

TV tat = (GV • (a + b) + TV • b − GH • (c + d) ) / b  

The calculated actual value of the front axle load TV tat is 

compared with the permissible front axle load of the tractor 

specified in the tractor's "Operation manual". It is necessary that the 

calculated actual value of the load on the front axle is less than or 

equal to the value of the permissible load on the front axle of the 

tractor 

Calculation of the actual total weight of the tractor and machine 

combination 

G tat = GV +TL + GH 

The calculated actual gross weight G tat is compared with 

the permissible gross weight of the tractor specified in the tractor's 

"Operating manual" 

Calculation of the actual load on the rear axle of the tractor TH 

tat 

TH tat = G tat  − TV tat  

The calculated value for the actual rear axle load is 

compared with the permissible rear axle load of the tractor specified 

in the tractor's "Operation Manual". The calculated value for the 

actual rear axle load must be less than or equal to the specified 

permissible rear axle load of the tractor. 

Tire load capacity 

The load capacity of the front tires is determined by 

comparing the calculated actual value of the load on the front axle 

TV tat with twice the value (two wheels) of the permissible load 

capacity of the wheels (taken from the documentation of the 

manufacturer of the front tires). The calculated actual value of the 

load on the front axle TV tat must be less than or equal to twice the 

value of the permissible load capacity of the tires. 

The load capacity of the rear tires is determined by 

comparing the calculated actual value of the load on the rear axle of 

the tractor TH tat with the doubled (two wheels) permissible value of 

the load capacity of the tires (taken from the documentation of the 

manufacturer of the rear tires). The calculated actual value of the 

rear axle load TV tat must be less than or equal to twice the value of 

the permissible load capacity of the tires. 

It is important that all actual, calculated values a are less 

than or equal ( ≤ ) to the permissible values taken from the tractor's 

certificate: the permissible values for the total weight of the tractor, 

the load on the axles and the bearing capacity of the tires. 

 

Possible occupational safety risks 

Risk of crushing, shearing, catching, dragging and impact 

due to insufficient stability, as well as insufficient maneuverability 

and braking ability of the tractor! 

It is forbidden to connect the machine to the tractor 

included in the calculations in the cases when 

• one of the actual calculated values is greater than the 

allowable value. 

• a front weight is placed on the tractor (if necessary) for 

the required minimum front balancing (GV min). 

• the set weight of the tractor at the front or the weight of 

the machine when the load on even one of the tractor axles is 

exceeded. 

• Special cases: 

ο if the weight of the front machine superstructure (GV) 

does not reach the required minimum front ballast (GV min), you 

must place additional weights on the front machine superstructure! 

ο if the weight of the machine's rear superstructure (GH) 

does not reach the required minimum rear ballast (GH min), you 

must place additional weights on the machine's rear superstructure! 

 

Conclusions 

1. Machine-tractor units with mounted machines are the 

predominant part of the majority of the machines working in 

agriculture. 

2. When aggregating tractors with mounted machines, all 

actual calculated values are required to be less than or equal ( ≤ ) to 

the permissible values for the tractor, such as: the permissible 

values for the total weight of the tractor, the load on the axles and 

the bearing capacity of the tires. In case of discrepancy, they are 

corrected with the necessary weights to ensure safe and efficient 

work. 
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Abstract: Europium doped glass-ceramics from the oxide system CaO-GeO2-Li2O-B2O3 were prepared by thermal treatment of the glasses 

with composition 48:35:5:12 mass% and dopant concentration 3at% calculated relative to the concentration of the Ca2+. The parent 

glasses were heated between 570 and 630°C with a step of 10°C and holding at each temperature for 2 hours. XRD patterns confirm the 

crystallization of Ca2GeO4 as a main phase. Some amount of the unknown orthorhombic phase also crystallizes. The crystal part in the 

obtained samples varies between 5 and 40%. The mean particle size determined from TEM images varies between 4 and 15 nm.  

Excitation and emission spectra of the glass-ceramics possess the characteristic peaks of the Eu3+ ion. The highest peak in excitation 

spectra is located at 393 nm caused by 7F0→5L6 transition. The emission spectra include 5D0→7F0, 1, 2, 3, 4 transitions peaked at 579 nm 

(5D0→7F0), 592 nm (5D0→7F1), 612 nm (5D0→7F2), 652 nm (5D0→7F3) and 702 nm (5D0→7F4). The highest peak is (5D0→7F1) 

transition located at 612 nm, meaning that the active ion is not located in an inversion center. These spectra are identical with the spectra of 

Eu3+ doped Ca2GeO4 compound. The highest luminescent intensity is observed for the sample thermal treated at 590°C.  

Chromaticity coordinates of the obtained glass-ceramics are located in the red region of the color space with small variations around the 

values (0.65, 0.35). The obtained results show that the investigated glass-ceramics could be used as  red phosphors.    
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Abstract: Transparent conductive oxides (TCOs) are doped metal oxides used in optoelectronic devices such as flat panel displays, 

photovoltaics (including inorganic solar cells, organic solar cells, and dye-sensitized solar cells), and as thin film electrodes in sensors.AZO 

(Aluminum-doped zinc oxide) and  FTO (Fluorine-doped tin oxide) are emerged as viable alternative of the expensive ITO (Indium doped tin 

oxide) therefore there is worldwide intensive research on the relevant properties and their optimization for device applications. The general 

requirements for TCO are good electrical conductivity and high transparency in the visible spectrum of light therefore optical and electrical 

properties are characterized. To compare the performance of transparent conductive materials, TCO quantitatively, a pertinent figure of 

merit, FoM is defined as the ratio of the electrical conductivity to the visible absorption.  

A post-deposition treatment by UV-ozone is used to modify the properties of these TCO as transparent electrodes toward various 

applications. 
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Abstract: The paper presents a conceptual model for overcoming the consequences of the pandemic based on summarized results from 

research focused on societal challenges in Bulgaria caused by COVID-19. The study aims to submit a unified methodological framework for 

application by experts in researching, analyzing, and bench-marking the entrepreneurs’ activity and suggestions for applicable and 

reasonable measures in the field of business development during the pandemic situation caused by COVID-19. The findings of this research 

can assist managers in national institutions and business organizations to recognize the strengths and weaknesses of different measures 

which influence creativity and innovation and focus on proactive suggestions to overcome the negative consequences of the pandemic. 

KEYWORDS: ENTREPRENEURSHIP, CONCEPTUAL MODEL, METHODOLOGICAL FRAME, BULGARIA, PANDEMIC 

1. Introduction 

The COVID-19 pandemic provided evidence that public 

authorities need a set of tools to react rapidly and effectively in 

crisis situations. Nowadays, crisis management is a key topic in 

research in different fields of sciences focused on proactive 

suggestions to overcome the negative consequences on the 

economy, political environment, social environment, 

entrepreneurship ecosystems, etc. In our opinion, this is a critical 

juncture because the risk of a slowdown in growth is the possibility 

of the economic crisis spreading to the financial system. A study of 

the conditions that can sustain the crisis in a subsystem is another 

possibility. 

The COVID-19 pandemic is currently influencing people's 

behavior on all continents, with economic, health, political, social, 

psychological, and cultural implications. It raises many issues, the 

most important of which is the approach that governments must 

take to combat the pandemic's effects. The purpose of this paper is 

to present a unified methodological framework for experts to use in 

researching, analyzing, and benchmarking pandemic consequences. 

The research focus is to identify different measures for 

overcoming the negative effects caused by the pandemic through 

broad interdisciplinarity, based on the summarized research results 

of a team of experts. 

The dissemination of COVID-19 and the measures implemented 

have resulted in a stronger role for science and the possibility of 

developing a conceptual model at the national level that is 

adequately applied to prevent and/or quickly overcome the 

consequences of this type of crisis. An interdisciplinary team of 

researchers could successfully elaborate on this as a prerequisite for 

the development of all major scientific fields in which Bulgaria can 

build the necessary scientific capacity. The goal of this paper is to 

summarize the findings of an interdisciplinary team of experts 

working on a project called “Economic Dimensions of the COVID-

19 Pandemic: The Impact of Psychological, Legal and Socio-

political Factors and Approaches for Overcoming their Negative 

Effects” funded by Bulgarian National Science Fund. The paper 

presents a methodological framework for elaborating a conceptual 

model based on the summarized suggestions by the team of experts 

focused on applying measures for reviving the economy and 

overcoming the social and financial pandemic consequences. 

The researchers’ thesis is that creating a conceptual model for 

overcoming the consequences of the pandemic will contribute to 

better analyzing the development of the Bulgarian economy. In line 

with this, the proper use and implementation of specific methods 

and techniques for investigating the impact of economic, 

psychological, legal, and socio-political factors correlate to the 

establishment of a multifaceted study of the post-crisis situation in 

Bulgaria and how it is assessed by society and business. Affidavit of 

support of the above-mentioned, the paper contributes to a better 

understanding the necessity of taking right decisions in crisis 

situations caused by pandemics. 

The paper is organized as follows: after the introduction, the 

methodological framework for investigating societal challenges in 

pandemic situations is described in the second part. This analysis 

paves the way for the third section, which focuses on approaches for 

mitigating the negative effects of economic, psychological, legal, 

and sociopolitical factors. The paper concludes with the 

development of a conceptual model based on the summarized 

conclusions and recommendations for future research in the field of 

investigating the measures and their potential application in 

Bulgaria. 

2. Methodological Framework 

2.1. Research Design 

The green shoots of the so called “triangle of knowledge” 

(science-business-education) give an economy its vitality. They 

give rise to new products and services, fresh applications for 

existing products and services, and new ways of doing business. 

The pandemic situation puts many issues on the agenda, but the 

most important is how to overcome the crisis consequences and to 

revive the national economy. The pandemic of COVID-19 is having 

a significant impact on society, business, and government 

institutions. They are all dealing with an unprecedented crisis that is 

wreaking havoc on the global economy, disrupting supply chains, 

and transforming society. The new reality is hastening business 

model transformation at a faster rate than ever before in order to 

ensure existential survival in the event of an unexpected crisis. 

Established businesses that fail to adapt to changes lose market 

competitiveness and go out of business. 

A wide range of methods are used to achieve the research goal, 

including historical approach, content analysis, expert evaluations, 

unstructured interviews, focus groups, online surveys, processing of 

the collected data with specialized software. The summarized 

Research Design is presented on scheme 1. 

The effects of quarantine and social isolation on mental health 

and human capital qualities have a significant impact on their 

professional realization. In response to changing policy 

environments, business organizations may be required to regulate 

measures. This includes using these tests to challenge assumptions 

(such as recovery times) and to develop methods to measure 

resilience, response, recovery, and other key capabilities required to 

anticipate, withstand, recover from, and adapt to adverse conditions. 

Furthermore, public institutions must compel adequate measures to 

revive the economy. At this critical juncture, these ideas can serve 

as a framework for taking responsible action. 
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Scheme 1. Research Design 

 

Source: Created by the authors 

 

2.2. Economic Measures and Suggestions for 

Overcoming the Negative Effects of COVID-19 

Based on the necessity to study the impact of the pandemic on 

the economic system in its state and social dimensions, the results 

of the analysis enable the following conclusions and generalizations 

to be made [1]: 

• In general, it can be concluded that under the influence of the 

pandemic, the dynamics of the main indicators of the economic 

system become more volatile and difficult to manage. 

• Despite Bulgaria and other EU member states' efforts to 

mitigate the negative effects by increasing the government deficit 

and debt, the situation worsens across the board. 

• Due to the large fluctuations that show large deviations in each 

quarter, there is no clear trend as to whether the differences between 

the values for the EU and Bulgaria on the main indicators are 

increasing or decreasing. 

• In general, the picture in the EU is more negative because it 

has more categorically reached the levels of the previous economic 

crisis than Bulgaria. 

The necessary measures that must be taken to counteract the 

economic consequences correspond to the opportunities for success, 

which will continue to befall the brave, the innovative and the 

technologically prepared. The guidelines include the following [2]: 

1. The pandemic taught us the importance of communication 

speed, flexibility, and adaptability. 

2. Mandatory digitization of business. 

3. Open and transparent communication - inside and outside the 

company. 

4. Reduction of VAT on fuels. 

5. Decrease in Central Banks money printing rates because 

there is a lot of money on hand but few assets. 

 

 

2.3. Institutional Distrust and Lack of Personal Action 

as Factors Predetermining the Emergence of Mental 

Problems in the Conditions of the Coronavirus Pandemic 

Social constraints have had their impact first and foremost on 

the mental health and well-being, mental adjustment and 

functioning of people around the world [3]. The empirical results 

obtained by structured interview with business representatives and 

citizens direct attention to a core mission of psychological science, 

namely the care of people's mental health and well-being [4].  

1. Introducing more effective and accessible mechanisms for 

providing support, both in personal life and in a purely professional 

context. 

2. Changing the ways in which government and other public 

institutions generally manage the pandemic. 

3. Counseling and psychological intervention at the 

organizational level, in the presence of identified problems and 

difficulties in the general psychological climate, team interactions 

or vertical communication. 

4. Developing of an online platform for mental health, 

highlighting the need to monitor the established dynamics, worrying 

the situation in the context of social skills, communication, self-

expression skills [2]. 

5. Building a psychological center in universities to work with 

students and employees. 

2.4. Legal Analysis based on Main Provisions from 

Strategic Documents of Bulgaria and the EU Concerning 

Crisis Situations 

To limit the spread of the virus, several countries have imposed 

severe measures such as quarantines, border closures and domestic 

travel restrictions. But these restrictions and the introduction of a 

state of emergency raise many legal questions, and many courts, 

organizations and authors have embarked on the search for answers 

to these questions [5]. The COVID-19 pandemic has marked a few 

problems in the way of regulation in several sectors and the 

application of the regulatory framework in Bulgaria [4]. Based on 

the experience gained, the following suggestions can be made for 

dealing with future similar situations: 

1. Clarity of by-laws 

2. Definitions and specific forms of "state of emergency" in the 

broad sense of the word should be clearly defined in a legal act, 

drawn up in a significantly more understandable and accessible 

language for citizens. 

3. Coherent and systematized provision of information 

regarding amendments to normative acts. 

2.5. Socio-Political Factors and Approaches to 

Overcome the Negative Effects of the Crisis 

Political scientists and sociology experts are unanimous that 

crisis communication was not successfully implemented in 

Bulgaria. It is necessary to build a working communication 

campaign with short speeches by experts, not long press 

conferences. In this case, it is noticeable that the state did not 

engage communication experts for this process. The aim is for the 

strategies to be specifically targeted at the different groups. There 

are no distributed brochures, posters, there are no short clips to 

introduce the nation to the important moments. 

Building trust between political representatives and citizens is 

key in governance in general and in crisis situations in particular. In 

the context of a pandemic, the medical measures taken by 

governments should be accompanied by an adequate 

communication strategy that maintains trust between citizens and 

institutions and prevents the dominance of fake news in the public 
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space. Recommendations going forward as an effective measure to 

deal with crises include [4]: 

1. To work based on effective communication with the support 

of experts and not to cause panic among people. 

2. To increase respect for institutionality and experts, which will 

create generational sustainability in science. 

3. To build a regulatory framework for crisis management. 

4. The state should introduce cybersecurity measures and make 

cybersecurity training mandatory for all students. 

5. The communication strategy should be tailored to the specific 

national characteristics of the society [6]. 

2.6. Ensuring Entrepreneurship and Entrepreneur 

Initiative during a Pandemic 

The COVID-19 pandemic is a difficult time for businesses and 

citizens alike. The project team conducted an empirical study on the 

pandemic's impact on entrepreneurship and entrepreneurial 

initiative. Whether and how is possible to start a new business 

during a global crisis, how existing organizations develop during 

this pivotal period and what are the good practices shared by 

entrepreneurs were the focus of their research [7]. Two 

representative sociological studies were conducted using own 

questionnaire - with persons, residents of the city of Plovdiv, and 

with enterprises registered on the territory of the city of Plovdiv, 

Bulgaria. The collected data was gathered in the period February 22 

- March 28, 2022. A crisis is a time when the management team's 

entrepreneurial abilities are put to the test. On the one hand, 

difficult conditions cause many businesses to fail, but they also 

provide opportunities to find niches, look for more and more 

innovations, use hidden opportunities, and turn threats into 

strengths. The suggested measures focused on entrepreneurship can 

be summarized as follows: 

1. Applying “good management practices” based on knowledge 

and lifelong learning strategy. All of this is important in crisis 

situations and managers should focus on proactive behavior to help 

their businesses overcome the crisis. 

2. Continuous search for new methods, implementation of 

innovations and improvement of products and/or services that 

enterprises offer. 

3. The management to focus attention on increased development 

of 5G infrastructure, new applications, and utilities; on the rapid 

growth of AI, robotics, the Internet of Things, and industrial 

automation; on augmented reality and virtual reality - new 

technologies that are part of everyday life, from entertainment to 

business; on startups leading micro mobility innovation [9]. 

4. Managers to make environmental, social and governance 

considerations a core feature of the business model. 

5. Optimizing the relation science-business-education focused 

on common projects, R&D and innovation development that will 

hence the national competitiveness. 

6. Introducing new motivational policies in enterprises focused 

on the new working models. Management through motivation in 

uncertain and crisis situations is one of the best practices for 

surviving together with the team [4]. 

7. Using an innovative model of a flexible methodology [7] that 

could be used by academic and business representatives, central and 

local government institutions, and private stakeholders. 

3. Conceptual Model for Overcoming the 

Consequences from the Pandemic 

The Conceptual Model for overcoming the consequences of the 

pandemic summarizes the findings of an interdisciplinary team of 

experts working on a national project. The correlation between the 

mentioned measures and the approbation of the research design can 

serve as a good management practice fighting crisis situations. 

Scheme 2 presents the Conceptual Model and its connection to 

stakeholders. 

The first and most important is that when making decisions the 

government needs to consider the scientific expertise, the needs and 

proposals of the Business and the citizens. Having the knowledge 

about the needs and expectations of the stakeholders the 

government will take more adequate and fast decisions. 

Scheme 2: Conceptual Model 

 

Source: Created by the authors 

4. Conclusion 

The findings of this research can assist the managers in national 

institutions and business organizations to recognize the strengths 

and weaknesses of different measures which influence creativity 

and innovation and focus on pro-active suggestions to overcome the 

negative consequences from the pandemic. The summarized 

suggestions for overcoming the pandemic consequences given by an 

interdisciplinary team of experts and the developed conceptual 

model can serve public institutions as a fundamental approach to 

force adequate measures to revive the economy. 

The elaborated and approbated in practice research design can 

be applied in future study on the topic and, moreover, it could be 

used in different crisis scenarios that need fast and adequate actions 

by managers from public and private organizations. The concrete 

measures can be systematized and proposed to the responsible 

institutions of local and central government, serving as the 

foundation for developing a pandemic response strategy. 
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Abstract: Supply chains (SC) are becoming increasingly important for the global society.  The spatial and temporal connections in them are 

carried out through the transport vehicles and through the infrastructure. Land transport accounts for more than fifty percent of the 

transport of goods in Europe. Its condition is a measure of the resistance of SC. The transport sector is high-risk. Identifying, analyzing, 

developing a program, controlling, and anticipating the risks of freight transport is a prerequisite for the successful development of SC. 

Keywords: risks, supply chain, road freight transport, management 

 

1. Nature of risks  

Predictability is an important prerequisite for the 

sustainable development of any economic unit. This requires the 

creation of models for successful management, which also includes 

anticipation of risks. 

In general, we can divide the risks into general - those that 

affect all societies, but to varying degrees, and private - 

characteristic of each company.  

There are many definitions of risks from authors who 

work in the field of finance, security, ecology, supply chains.  

"Risk means the possibility (probability) of conditions 

that lead to negative economic consequences." [1] 

"From a quantitative point of view, risk is a function of 

the probability of implementation of a particular threat using 

vulnerabilities of the system, as well as the magnitude of the 

possible loss." [2] 

"Risk in business should be understood:  

(…) probability of loss of income or incomes‖[3], 

"There are  risks  in  the  supply  chain  when  unexpected  

events  might disrupt  the  flow  of  materials  on  their  journey  

from  initial  suppliers through to final customers." [4] 

ISO 31000:2018: The Impact of Uncertainty on 

Achieving Goals 

N. Slatinski: ―A process or action carried out under 

conditions of uncertainty, which can, by taking advantage of the 

weaknesses or strengths of the system and in the activities 

undertaken in relation to it, produce an effect, the result of which, 

affects the objectives of the system.‖[5] 

The concept of risk outlines the following elements: 

uncertainty, probability (opportunity), loss.  

The definition we can give is as follows: 

Risk is a future event, most often negative, that is a consequence 

of accumulated changes in the past or present. It can be 

managed to reduce or prevent loss as it occurs. 

 

2.Classification of risks 

Risks can be divided into three rounds:  

Global: geopolitical, geoeconomics and natural. 

Regional: political, economic, cross-border. 

Local: state, social, legislative. 

According to the sphere of action: political, economic, 

social, financial. 

According to the reason: natural-natural, by human activity. 

According to the scope relative to the individual economic unit: 

external and internal. 

 

Fig.1 Schema of risks 

By applying the classification in Fig. 1 to individual 

economic sectors, we will also identify the risks that threaten 

sustainable development.  

2.1 Risks in supply chains 

Supply chains are "the system of organizations involved 

in the process of creating and disposing of products and services 

from their origin in the stage of extraction of raw materials to their 

delivery to end users." [6].  

This system is driven by a minimum of three streams: 

material, informational, financial. Each of these streams is at risk of 

collapse that would disrupt the entire chain. Therefore, managing 

the totality of risks marks the beginning of a new direction: 

managing risks in supply chains.  

The definition given by Lavastre, Gunasekaran, and 

Spalanzani is as follows: ―the management of risk that implies both 

strategic and operational horizons for longterm and short-term 

assessment. It refers to risks that can modify or prevent part of the 

movement and/or efficient flow of information, materials and 

products between the actors of a supply chain  within  an  

organization,  or  among  actors  in  a  global supply   chain   (from   

the   supplier's   supplier   to   the   customer's   customer)‖ [7] 

Supply chain risks are divided into internal to the 

individual company and common to the entire chain.  

The whole chain is dependent on the geopolitical 

situation. During the Covid 19 pandemic, the closure of cities such 

as Wuhan, Dongguaan, where car components are produced, caused 

a disruption in car production. 

"The shortage of chips and semiconductors is affecting 

virtually all businesses and even government economies." [8] This 
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means that the supply of electronic devices is delayed and becomes 

more expensive, which affects many economic sectors on the one 

hand, increasing unpredictability, and on the other – in social terms, 

where there is a decrease in employment and pay. Thus, the risk of 

loss for companies, slowing down their development, laying off 

staff and increasing unemployment increases. 

Military actions on the territory of Ukraine since the 

beginning of 2022 disrupted the supply of fuels and other raw 

materials, which caused an increase in the prices of all products on 

the European market. European economy and did not foresee the 

risk of such a break in the SC. Taking into account risk factors and 

taking actions in advance to minimize, transfer or prevent them is 

emerging as a problem at every level of government.  

Global financial crises, subsequent recessions affect every 

single participant in SC.  

With ever-increasing digitalization, encroachments on 

data managed in virtual space through cloud technologies are 

becoming more frequent.  

Obviously, the proportion of each risk at the different SC structure 

varies.  

1. Continuous flow model – an international chain where 

there is a constant level of demand for basic products. 

This linear pattern is highly dependent on the 

international conjuncture and on constant financial flows.  

2. Model of the fast chain – in technologically new, fast-

changing products that determine the new trends in the 

market. In this case, the risk of theft of intellectual output 

is obvious. 

3. Model of the effective chain – a huge assortment of 

products in advanced logistics service, with optimized 

delivery, warehouse and distribution means. In this case, 

the existing risks are associated with the continuous flow 

of correct information, availability and service activities. 

4. Flexible chain model - for specific, individualized 

expensive products that are produced in limited quantities. 

The risk of reducing demand from solvent customers and 

requiring staff with certain expertise pose a constant 

threat to the sustainability of the companies in the chain. 

5. Model of individually configured products – at its base 

are products made on customer order. They require 

greater financial investment and flexibility on the part of 

staff. 

6. Flexible chain model – for seasonal demand products. In 

this case, there is a risk of uneven workload of staff, of 

the unpredictability of financial flows. 

 

The basic models of SC are applied at national and 

international level and cover the diversity of economic life. Their 

successful management implies predictability of the public 

environment and social tranquility. In this sense, governments' 

policies should aim at "containing" risks by anticipating and 

controlling sectors related to the safety of the population.  

New realities require a new approach in the management. 

Therefore, the requirement for risk management in every company 

is becoming more and more relevant.  

And that means identifying, analyzing, and making a program 

on internal risks.  

 3. Place of transport in SC 

  The movement of material flow in the SC is carried out 

by vehicles in the road, air and water. Transport ensures the 

continuous transport of goods in time and space. It is the connecting 

thread throughout the chain and a guarantee of its continuity and 

stability.  

In our text we will examine mainly the road freight 

transport, and in particular, international transport of goods for 

remuneration – with the highest share in the total carriage of goods 

on the territory of Europe. 

"According to NSI data, over the past ten years the distribution of 

freight transport by mode of transport has changed. The relative 

share of road transport increased significantly (from 51.9% in 2000 

to 87.3% in 2017) at the expense of rail, whose share of freight 

transport significantly decreased from 44.9% in 2000 to 9.7% in 

2017. "[9] 

The market operators that carry out the transport are the 

road haulage operators. 

As the NSI notes in its methodology on the statistical 

survey of road freight transport, the subject of the survey are trucks 

over 6 tons without those of the Ministry ofNational Defense and 

the Ministry of Interior, and respondents are "owners and tenants of 

trucks and tractors who carry goods transport for remuneration or 

on own account, regardless of whether the vehicles are public or 

private". 

In short, road freight transport is carried out by legal 

entities that have the relevant competence, fleet and financial 

stability for the execution of this activity. 

This activity requires specific knowledge and financial 

resources combined with flexibility to the rapidly changing 

economic environment. The technical parameters of vehicles and 

legislative restrictions determine the place of road freight transport 

in the SC. They have an alternative in rail and maritime transport at 

large tonnages over long distances or with cars at short distances.  

Conventional goods that are necessary for the normal 

functioning of society are mostly transported by heavy goods 

vehicles. They are best suited for raw materials and products up to 

26-28 tons at 3500 km. maximum.  

3.1. Risks in road freight transport 

The functioning of the road freight transport sector — 

domestic and international — is determined by its interaction with 

the external environment. Fig.2 presents the carrier's 

interrelationships with the determinants of its activity.  Its 

successful development depends on the management of the 

following risks: 

External: 

1. Economic: 

-Inflation 

-Currency 

-Credit 

-Liquid 

-Operational 

- eligible structure 

2. Political 

- Internal and/or external military actions 

-Embargo 

- changes in legislation - local and international 

3. Natural: 

- natural disasters 

- pandemics  

Internal risks of road haulage companies are as follows: 

1. Management: 

-strategic 

-Operating 

- HR 
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2. Coordination and control of in-house 

activities 

3. Access to resources: 

Financial resources: 

-operating, leasing loans 

Energy resources: 

-Fuels 

Human resources: 

Drivers 

Administrative staff 

 
 

 

 

  

 

 

  

 

 

  

 

 

 

 

 

Fig.2 Schema of carrier’s interrelationships 

To determine the extent of internal risks, it is important to 

determine the proportion of each cost in order to note the risks and 

to take the necessary steps to prevent, mitigate or transfer to an 

insurer.  

The French Land Transport Committee shall prepare cost 

reports and forecasts for the development of carriers: 

―Cost structure prevailing in December economic conditions of the 

previous year. Example: 2023 is calculated in December 2022 

economic conditions. 

2023 

Fuel - 32,4 

Maintenance – 7,2 

Infrastructures - 5,7 

Vehicles- 10,7  

Driving staff - 26,3 

Travel expenses- 6,4 

Structure - 11,3 » [10] 

Fuel and staff remuneration account for the highest share of costs. 

In anticipating the prices of the transport service, account should be 

taken of price movements of those two components.  

In this sense , commercial risk is calculated on the basis of fixed 

and variable costs on the one hand and revenue on the other. 

Profit from transport activity = Total Turnover - /Fuel+Leasing 

installments + Service+Insurance+Salaries+Tolls+Customs 

fees+Other costs/ 

It is also necessary to take into account the property risk, 

which  is calculated on the basis of the income from the activity 

with deducted costs to cover property damage to vehicles, drivers, 

and those related to damage to the transported cargo and theft of 

cargo. 

3.2.Specific risks for freight transport in SC  

We will examine how road freight transport ensures the 

continuity of the six types of SC.  

In the continuous chain model, freight transport plays a 

major role through upright vehicles, trained personnel, traceability 

and reliable information flow. This activity also requires a good 

knowledge of the common European legislation, as well as of the 

individual countries. This high-risk activity is ensured through 

compulsory and voluntary insurance. This reduces the uncertainty 

associated with price fluctuations of fuels, tolls, wages. 

Increasingly, the insurance of receivables by the company is also 

applied in order to ensure faster turnover of funds.  

Violations in the movement of vehicles, damage and 

losses of goods in this model cause difficult functioning of the 

entire SC. Loss in transport causes loss of all actors in the chain.  

Therefore, the cooperation of all actors and the sharing of 

the common risk through insurance and the creation of financial 

reserves to quickly overcome violations or interruptions is 

important. Replacement cars, additional personnel, service 

throughout Europe are envisaged. And the other participants in the 

SC maintain larger stocks of raw materials and goods. Shortening 

the SC also contributes to its security and sustainability. 

In the model of fast, flexible SC, as well as individually 

configured products, the use of freight transport is ensured mostly 

by courier companies. The specificity of the products implies 

specialized transports that ensure faster delivery 

In the efficient SC model, the inflow is most often 

provided by sea transport, and the outbound by small city cars that 

provide the service door-to-door.  

Flexible SC implies uneven use of freight transport. In this 

case, there is a risk of insufficient workload, and hence loss of stay. 

The efficiency of the carrier's operations will depend on how they 

adapt. One solution to avoid risk is to ensure the transport of more 

than one SC.  

4.Conclusion 

The development of the transport sector, and freight transport 

in particular, is largely determined by the state of SC. The 

development of SC is a function of the general economic, political 

and social environment. The digitalization of SC implies adequate 

transport services. Therefore, the traceability and transparency of 

transports, their management from a point common to the whole 

chain is increased. In this way, each company, part of a SC, gives 

some of its autonomy to the expense of general development. In 

return, he receives security for the employment of vehicles. In 

advanced chains, the carrier shares the risks – of increasing 

maintenance costs, damage and theft of goods – with the other 

participants in the SC. These are the positive aspects as part of an 

entire SC.  

Freight companies also face specific challenges. The shortage 

of drivers, the long period of production of tractors and trailers, 

compliance with the new requirements for a green transition require 

predictions of sustainable development of individual companies. 

From 2019, the problem with drivers is becoming increasingly 

risky. IRU Senior Director of Strategy and Development Vincent 

Erard adds: ―Drivers are a critical factor in keeping essential supply 

chains moving, something we saw clearly during the pandemic. 

Now, logistics operators and freight rates in many countries are 

threatened by another looming crisis: the growing shortage of this 

invaluable human resource. People are at the heart of this challenge. 

[11] 

For this reason, more and more self-driving cars are appearing 

on the market. For now, short distances. But development is in that 

direction.  
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From now on, the challenges will be in anticipating the risks 

associated with digitalization, and hence with cybersecurity.  

 

This research work was conducted as part of the project KP-06-H35/14  - 

FNI, BG. 
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Abstract: Analysis of claims incoming over the past years and the industry data on losses in supply chains allows to identify the most 

common risks and pay attention to the necessary measures to protect cargo during transportation. 

Sometimes it is difficult to establish the relationships between a specific event and business, then logisticians use a probabilistic approach. 

They predict how events can develop in the future. Each outcome is calculated and assessed as a separate risk. 
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1. Introduction

      The risks in the international supply chain are the probability 

that a particular event with negative consequences will occur. In 

order to minimize risks, negative events that can occur in the course 

of maritime traffic are predicted.  

      There is no single and universal transport risk assessment tool. 

In every particular case specialists make a list of all possible risks 

and determine the share of each one. What factors affect safety and 

profitability of international cargo transportation and how to 

minimize logistics risks?  

      Of the variety of risks that are most often encountered in 

multimodal transportations we can distinguish three main groups: 1) 

risks of vehicle breaking down and loosing cargo; 2) risks of 

accidents and emergencies not entailing loosing vehicles and cargo; 

3) risks of failures of equipment that ensures the transportation and

security of cargo. Based on the analysis of a large number of

accidents of marine vessels and ground vehicles, we can conclude

that, in general, the accident scenario has been developing

according to the scheme shown in Figure 1 [1].

Fig.1. A generalized scheme of scenario for the development of an emergency situation 

     To minimize the risks of losses in international trade, 

logisticians consider different scenarios, and specialists must 

have indirect routes and solutions in stock. They regularly 

monitor the requirements and conditions of regulators: what 

transport and which communication routes will remain available. 

Let us consider some methodological basis for forecasting the 

occurrence of risks of emergencies and the dynamics of their 

development with an example from navigational practices. 

     The vessel proceeds to the port on course 20 degrees along 

the coastline. Analysis of vessel's technical condition and 

statistics of failures of equipment (main engine and steering) 

shows that there is a probability of their failure. So, during 3 

years, the forced of the main engine occurred 28 times. The main 

cause was cracks in the cylinder heads, steering failures occurred 

5 times (note that the vessel in question was far from being in the 

best technical condition, and its age was over 20 years). In this 

regard, to ensure the safety of navigation, it is advisable to 

develop a methodology for forecasting of risks of the occurrence 

and development of an emergency. 

     The initial information to analyze the situtation is as 

follows: distance to the coastline - 15 miles, the coastline is 

rockier, depths under the keel more than 150 meters. wind 7 

m/sec from NNE, southerly current at a speed of 1-1.5 knots. In 

this situation, there are risks of the main engine or steering 

failure.  

     The first task of the emergency ship’s captain is to inform 

the ship owner and insurance company about the incident and 

situation, as well as contact the passing ships and ask to stay 

within a few hours until a more complete assessment of the 

situation and making a decision on the involvement of rescuers.  

     The first task of the ship's chief engineer is to find out the 

causes of an engine stop and the nature of the damage. 

     The main threat is that the vessel may, under unfavorable 

circumstances, be thrown onto a rocky shoal. Thus, the ship and 

the crew may face an emergency situation (ES). In order to assess 

the situation and make a decision, we will use the methods of 

scenarios and the fault tree. The method of scenarios is a 

complex method of forecasting complex processes with structural 

shifts. It consists in establishment of a logically connected 

sequence of events of step-by-step transition from the existing 

state of the forecasting object to its future state. Usually, when 

forecasting by scenario method, there is always a time 

coordinate, that is, the process takes place over time.  

  Figure 2, illustrates the dynamics of ES development. [1] 

      The two worst cases of the ES development dynamics are 

presented in the scenario. The analysis of the scenarios suggests 

that the worst case scenario includes events 1 - 2 - 3 - 6 - 8 - 9 - 

11 - 14 - 15. However, the second case 1 - 2 - 3 - 7 - 8 - 10 - 12 is 

also dangerous, but such a danger may arise only in case of the 

strengthening of the wind up to a “storm” level. Let us assume 

the weather forecast for the next three days is favorable (during 

the forecast period weather conditions in this area are favorable). 

Circumstances 

Main engine failure, 

Steering failure, 

power failure of a 

ship. 

Accident 

Wreckage 

Collision, 

Stranding, Bulk to 

the object 

Constructive 

destruction, 

Foundering 

(sinking)/capsizing 

of a ship 
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Figure 2. The ES development scenario 

 

 

 

2.Preconditions and means for resolving the problem 

     Let us consider the threats posed by the case 1 of emergency 

development. In this case, the anchor does not hold, since the 

depth is more than 120 m, and the ground is stony, as a result, 

with wind force of 7 m/sec and the current speed is 1.5 knots, the 

vessel will drift about 1, 7 miles per hour. In this case, the vessel 

will drift for 6.5 hours to a depth of 120-150 meters. At that 

depth (the vessel will be 3.5 miles from the shoal), the anchor 

will be on the ground, but since the ground is rocky, the vessel 

will drift at about 0.4 miles per hour, that is, the vessel will be on 

the shoal in 8.7 hours. Thus, the ship will be on the coastal shoal 

with stony ground in 15 hours from the moment of stopping 
(engine failure). 

1. Main engine failure 

2.  Ship drifting along the coast 

3. Ship drifting towards 

coastal rocks, 2 chain lengths 

are in water 

4. Direction of drift in 

parallel to shoreline is 

maintained 

7. The vessel is at 

anchor, 9 chain 

lengths are in water 

- drift is stopped. 

Causes of the main 

engine failure are 

found out. 

Proceeded to repair. 

The rescue vessel is 

en route. 

 

6. The vessel 

continues to drift, 

the ground does not 

hold, 2 miles to the 

coastal rocks. Causes 

of the main engine 

failure are found out. 

Started to repair. The 

rescue vessel is en 

route. 

 

5. Causes of the main 

engine failure are found 

out. The crew started 

repairing the ship. The 

rescue vessel is en route 

 

13. The main engine 

repair completed, the 

ship continues the trip. 
 

8. Did the 

rescue vessel 

approached? 

10. Salving the ship 

in the case 6, or 

assisting, if the ship 

in a position 7. 

 

12. The main 

engine repair 

completed, the 

ship continues the 

trip, or is towed 

by rescuer to port. 

 

Yes 

9. In the case 6, 

there is a threat of 

wreckage 

11. The crew 

is abandoning 

the ship 

 

14. Wreckage   
 

No 

15. Oil product 

(fuel) spill into the 

sea. 
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Assume that the cause of the main engine failure is related to a 

crack in the bottom of the cylinder piston and damage to the 

exhaust-gas receiver (due to the explosion of oil cooling the 

bottom of the piston). In this case, in order to put the cylinder 

unit back into operation, the piston must be replaced and a 

bandage put on the crack in the receiver. According to experts, 

these works will take 15-17 hours. Consequently, it is necessary 

to "hold" the vessel at a safe distance from the coastal shoal for at 

least 18 hours.  

In this regard, the rescue ship must be in the area of the 

emergency ship in full readiness in the next 5-6 hours. The 

decision to involve a rescuer in the towing should be made on the 

basis of the analysis of the emergency development dynamics. 

In order to isolate cause and effect linkages and make prognostic 

estimates of the ES development, we will develop a fault tree 

reflecting the dynamics of the ES development (Fig. 3). 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                        
          Fig. 3. The fault tree – ES developments (vessel grounding)   

          
     

  The top of the tree (M) is where the ship runs aground and is 

damaged, two events may lead to the grounding, these are the 

branches of the tree. These events are connected to the top of the 

tree by a "wicket" [2] by condition "and", because grounding can 

occur if both of these events occur simultaneously.  

         When calculating the probabilistic estimates of the 

occurrence of events, there are difficulties in determining   their 

quantitative values. There may be two cases here: 1) the law of 

distribution of random variables/events is known and there is 

representative statistical sampling, which is typical for frequently 

recurring events; 2) the law of distribution of random 

variables/events is not known, which is typical for conditions of 

uncertainty, when the researcher deals with poorly studied 

phenomena. 

     Thus, in the first case, obtaining quantitative estimates of the 

probability is not difficult. In the second case, if the law of 

distribution of random values/events is not known, then for 

convenience of calculating probability estimates, they assume 

that random values have a beta distribution. The choice of this 

law cannot be strictly justified. It has a density function 

resembling Gauss's law, but left and right bounded. 

      The beta (β)  distribution considered in the context of our task 

is chosen so as to calculate the value of the probability of the 

occurrence of a random e vent and the dispersion according to 

the formulas: 

                                                                                                     

𝑃ож=𝑃𝑚𝑖𝑛+4𝑃НВ+𝑃𝑚𝑎𝑥6, 

 Dispersion 𝛿2 is calculated by formula:  

                𝛿2=(𝑡𝑚𝑎𝑥−𝑡𝑚𝑖𝑛26),   

         The minimal, most probable and maximal values of 

probability have been determined by experts. The opinion of 

experts was based on the analysis of data on cases of the main 

engine and steering failures on the "JHON-N"-type vessels. The 

probability estimates regarding the flow and wind were 

determined taking into account the wind rose analysis for the 

considered season/month of the year, current maps, and location 

data. Synoptic maps and weather forecasts of coastal 

hydrometeorological stations were analyzed in the short term. 

The signs “and”, “or” are used when in between one event to the 

next. In the case of the “and” sign, the probability estimates of 

events are multiplied, and in the case of the “or” sign, the 

estimates are added up [2]. The probability estimates of the 

occurrence of events can be determined by the method of fuzzy 

numbers, but this method is more time consuming and requires to 

perform a large number of calculations, and also yields 

approximate results. 

 

3. Conclusion 

        
The analysis of a fault tree reveals that the risk of the 

ship running aground is not too great (the frequency of the 

occurrence of the event is within (10-1 ÷ 10-2), that is, we have a 

case of a critical event, and the risk will be lower than the 

acceptable level as long as the necessary dafety measures are 
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undertaken. As a safety measure, it is possible to recommend 

setting the course of the ship at such a distance from dangers (if 

possible) that in the event of failure of the ship, the ship could 

drift on clear water for 18-20 hours (the time required for 

repairs). The main task of the captain is to take all possible 

measures to keep the hip on a deep water until the rescue ship 

arrives. It is necessary to develop and implement a plan of 

measures aimed at reducing the risk of grounding. 

           When developing a plan, it is necessary to be guided by 

the principles: necessity, rationality, realizability, and “do not 

harm”. The first concern of the captain is the safety of people. 

The crew must stay on the vessel until the vessel is a safer place 

to be than any other means. In the case under consideration, the 

large-tonnage vessel aground does not pose any danger to the 

crew. 

In the situation under consideration, the following measures can 

be suggested: 

1. To agree with the insurers and shipowners on the question of 

the vessel/tug-rescuer and the time of its arrival at the scene of 

the accident. To cennect the ships that are in the area of accident.   

2. To drop both anchors to reduce drift rate. 

3. To drop 9 shackles of one anchor  when ship is accessing the 

depths of 100-120 m. 

4. To drop another anchor (if necessary) when accessing the 

depths of 70-100 m. 

 5. To prepare the rescue means for the case of leaving the ship 

by the crew. 

6. To perform an analysis of hydrological and meteorological 

information on the area, as well as available weather forecasts. 

On the basis of the analysis, to determine the prognostic 

estimates of the development of drift rate of the ship, including 

drift with anchors on the ground (for the case when the ground 

does not hold). 

7. To ensure continuity of control, obtaining information about 

the state of the ship and the environment, its analysis and 

correction of management decisions. 

8. To secure sustainable interconnection and interaction with a 

rescuer ship.  

In the instant case, if the ship is thrown onto rocky ground, there 

is a high probability of holes in the bottom of the ship, which 

poses a threat of spillage of fuel and petroleum products into the 

sea. It should be noted that in the considered area of the accident, 

it is not possible for the crew to localize the fuel spill zone. The 

captain of the ship must give relevant information about oil 

pollution to the relevant authorities in accordance with the 

requirements of normative acts in force. 

    Thus, the scenario and the event tree reflect the dynamics of 

the development of ES. In the case of ship landing on sand/stone 

ground, two main outcomes are possible: 1) constructive 

destruction of the ship, that is, loss of the vessel in case of heavy 

weather conditions (westerly winds over 20 m/sec.); 2) if the 

damage to the hull is limited to holes in the bottom of the vessel 

and the weather allows rescue operations, then the decision to 

raise the vessel from the ground is taken by the shipowner jointly 
with the insurers. 
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Abstract: Abstract Today, as tourism is recognized as one of the priority sectors of the economy of Georgia and contributes to the socio-

economic development of the country, it is especially important to tudy the existing tourist transport infrastructure and introduce new 

innovative technologies in its management. As a result of the conducted research, we can conclude that the existing scientific-methodical and 

practical approaches in the field of tourism and transport cannot be considered effective enough to ensure the development of tourist 

transport infrastructure. An algorithm was developed for the development of tourist transport infrastructure. The mentioned method can be 

recommended in the field of tourism, for the development of tourist transport infrastructure. 

Keywords: TOURIZM INDUSTRY, INFRASTRUCTURE, TOURIST CLUSTER, ROLLING STOCK. 

 

1. Introduction 

               Market conditions at the current stage of tourism 

development are characterized by several groups of the parameters. 

1. Economic parameters: 

 Economic growth and integration; 

 Growth of investment in the tourism industry; 

 An increase in the level of infrastructure development of 

countries.  

2. Political parameters:  

 Development of the tourist policy of states ad regions; 

  Simplification of tourist formalities; 

  The influence of political events on tourism demand.  

3. Sociocultural parameters: 

 Lifestyle changes;  

 Increased demand for tourist services; 

 Increased requirements of tourists; 

 An increase in the availability of travel and growth of 

population mobility; 

 Development of information and communication 

technologies  

4. Industry parameters: 

 Development of new tourist destinations; 

 Expansion of the range of tourist services; 

 Change in the forms of interaction with consumers; 

 The growing influence of industry on the economy.  

These parameters affect the management 

methods used in modern tourism management practice in 

the Imereti region. Today, strategic, conceptual, program 

and target-oriented approaches are most often used in 

management [3,4,5] 

     2. Preconditions and means for resolving the 

problem 
      The program and target-oriented  method of management is 

widely used, but it has a number of significant drawbacks, namely: 

1. Methodological incompleteness;                                                  

2. low degree of connection of management systems with the 

problems for solution of which they are created; 

3. Lack of methods for calculating the economic efficiency of 

programs; 

4. Low efficiency in solving the problems posed by the 

program; 

5. The absence of responsibility for the results of the programs. 

 

These drawbacks are fully applied to the programs 

built using the program and target-oriented approach, and along 

with that, we can highlight the lack of an integrative approach 

in them. However, programs for the development of certain 

types of transport, transport strategies, the concepts of 

development of certain areas of the transport industry are 

irrelevant to the needs of the tourism industry or tourists, 

despite the increasing impact of tourism on transport. The 

program should pay great attention to the development of 

tourism infrastructure. The program should consider 3 possible 

scenarios for the development of domestic tourism: 

1. The development of tourism infrastructure in all regions 

regardless of their economic development, infrastructure 

development and the level of tourist potential; 

2. The development of tourism infrastructure in the regions 

most promising in terms of the development of domestic 

tourism; 

3. The development of tourism infrastructure in the regions 

most promising for the development of domestic tourism 

using the cluster approach.    

The program chooses the third scenario. As a result of 

the program activities, it is planned to create a network of 

modern resort and tourist facilities within the framework of 

appropriate tourist-recreational and auto-tourist clusters that 

meet the world standards and can significantly increase the 

competitiveness of the regional tourist services market.  A 

tourism cluster is a set of tourism and recreational special 

economic zones created by the  decision of a government and 

located in one or more areas of the territory and municipalities. 

A tourism cluster is a set of tourism and recreational special 

economic zones. Special economic zones of tourist and 

recreational type are another direction of tourism development 

management in regions. The creation of such zones has two 

goals: the development of existing resort areas and attracting 

investment to the regions. 

The modern transport industry researchers highlight 5 

main areas that can be attributed to the management of the 

development of transport infrastructure services for tourism, 

namely: the development of transport infrastructure, improving 

transport infrastructure management, innovation in transport 

infrastructure management, changing the role of the state in the 

management of transport infrastructure and the work of non-

governmental organizations and associations.[2,6] 

 

1. Development of transport infrastructure by:  

 

 improving the street-road network; 

 traffic calming; 

 promotion of “smart driving”; 

 improving regulatory support for the transportation industry. 

 

2.  Perfection of  management of transport 

infrastructure and traffic through: 

 traffic management; 

 public transport management; 

 using a customer-oriented approach; 

 allocation of lands for parking spaces and parking 

lots; 

 the use of automated management systems 

(monitoring, video surveillance, automatic 

control systems, electronic payments). 

3. Introduction of innovations in the field of 

management of transport infrastructure through: 
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 the use of intelligent transport systems; 

 the navigation and information services. 

 

4. Changing the role of the state in the process 

of managing the development of transport 

infrastructure of tourism is seen by 

specialists-theorists in the form of the 

development of various public-private 

partnership mechanisms. 

5. The work of non-governmental organizations and 

associations 

 Solution of transport problems in Georgia will help 

make a mighty leap in the development of the country's 

economy, improve the                                                                                                                         

living conditions of many segments of the population, and 

effectively influence most manufacturing sectors and services.  

The authors conducted a study of tourism transport 

infrastructure in the Imereti region on the basis of the method of 

expert estimation through questioning and surveys of competent 

practitioners of the management level of transport and tourism. 

The results of the study are presented in Table 1. In terms of 

assessing the level of development of tourism transport 

infrastructure in the regions, the lowest ratings were attributed 

to bus stations, roadside infrastructure, followed by the road 

infrastructure (equal number of points), rail transport, road 

transport, railway stations and the level of service in transport 

(equal number of points), the level of staff training in transport 

is slightly behind the level of specialists in tourism, the same 

and the highest scores were received by airports and air 

transport, the degree of interaction between transport and 

tourism companies. The highest, but not the highest possible 

rating was attributed to the level of service in tourism. 

In general, experts noted the low level of development 

of transport infrastructure in the regions and the urgent need for 

a number of state measures to fundamentally change the 

situation. 

Among the main factors of tourism transport 

infrastructure development, most respondents mentioned 

attraction of more qualified personnel, state regulation 

(however, this factor was considered by the respondents in two 

ways: some of them meant regulation as more active 

participation of the state in the development of tourism 

transport infrastructure, others saw deregulation). Attraction of 

private business, state funding and the combination of all the 

above factors are seen by specialists as the necessary condition 

(an equal number of responses). [1,7] 

 

 

Table    1: Expert estimates of the level of development of tourism transport infrastructure in the region by its components. 

Airports 4 Road infrastructure 3 

Air transport 4 Roadside infrastructure 2 

Railway statins  2 Level of services in transport 2 

Rail transport 3 Level of services in tourism 4 

Bus stations 2 
Level of personnel training in transport  

3 

Road transport 2 
Level of personnel training in tourism 

3 

Urban and suburban passenger transport   

 

3 
Degree of interaction between torist and transport 

companies 

3 

 

To the question, “What short-term measures, in your 

opinion, can change the quality of tourism transport 

infrastructure in the regions?”, most respondents were not able 

to answer. In their opinion, short-term measures are not able to 

fundamentally reverse the current situation and suspend the 

development of negative tendencies, and this despite the 

railway transport reform, transport industry management 

reform, the creation of strategies for the development of all 

types of transport and tourism. Despite the fact that many 

respondents noted the lack of qualified personnel, only 50% of 

the respondents are interested in cooperation with educational 

institutions that train specialists in Transport and Tourism. 

The study leads to the conclusion that the existing 

scientific, methodological and practical approaches to 

management in the field of tourism and transport and long-term 

structural reforms carried out in the region in transport cannot 

be called sufficiently effective, contributing to the development 

of tourist transport infrastructure. Joint efforts of all participants 

of the tourist market, combined with effective management and 

implementation of specific measures in the short term should 

ensure the development of the country's tourist potential and 

have a beneficial effect on the economic and social sphere as a 

whole. However, this requires not only a new methodology of 

research, analysis and management of tourism transport 

infrastructure, but also an effective mechanism for its 

implementation. 

The tourism transport infrastructure is a provider of 

transport and tourism services to consumers. Given the 

multidimensional nature of this complex subsystem, we can 

highlight some of its unique properties, which should be 

considered when managing enterprises of the tourist system. 

1. Multifunctionality. Elements of the tourism transport 

infrastructure provide transportation, accommodation, 

information, recreation, communication services and are part of 

tourist impressions. 

2. Communicativeness. Communication between 

providers and consumers of transport and tourist transport 

services is most effectively carried out through the elements of 

tourism transport infrastructure. 

3. Dynamism. Tourism is the most dynamic sector of the 

economy, therefore, its subsystems, including the tourism 

transport infrastructure, have a high degree of dynamism in the 

functioning and development. 

4. Multifactority. The complex structure of tourism 

transport infrastructure and parent systems (tourism and 

transport) determine vulnerability of the tourism transport 

infrastructure to many factors of influence, both internal and 

external. 

5. Injury risk. Safety issues in tourism and transport 

occupy one of the first places. Unfortunately, the issue of 

adequately informing tourists about threats to their life and 

health, which are a side effect of any trip, is still unresolved, 

such information is either completely absent or of a formal 

nature. The authors consider it necessary to warn tourists about 

possible dangers. The most accessible would be a warning on 

travel documents and in the territory of the tourism transport 

infrastructure, for example, this kind of warning: “Tourist trip is 

an event associated with increased danger. Consequences for 

life and health are possible”. Tourist trips, as a rule, are 
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associated with a holiday, recreation, and in such situations 

consumers often lose their vigilance. Informing about potential 

threats to life and health during a tourist trip will keep the 

attention of tourists. 

6. Inclusiveness. Tourist impression as the main value 

of any tourist trip consists of a large number of details. The 

enterprises of tourism transport infrastructure play a crucial role 

in the formation of the tourist impressions, because even with a 

minimal share of services provided by tourism transport 

infrastructure in the time and cost volume of the tourist trip, all 

tourist trips begin and end with interaction with them.  

7. Adaptability. Tourism is a zone of elastic demand. 

Changing economic conditions force elements of tourism 

transport infrastructure to respond flexibly to changes. 

The authors considered the object-system approach to 

management of tourism transport infrastructure. The object-

system approach enables to consider each element of the 

tourism transport infrastructure subsystem as an important part 

of the tourist system.   

As a management method, the object-system approach 

has all the necessary properties. Firstly, object-systemic 

management promotes a deeper investigation of the object of 

management, its internal and external environments, realizing 

the potential of the object, secondly, it strengthens goal-setting 

through the program of the subject of management, thirdly, it 

promotes more effective and successful functioning of the 

object of management, through the application of economic 

management methods. Thus, the application of object-system 

approach is aimed at enhancing goal-setting, more complete 

disclosure and use of the potential of the object of management 

and improving its efficiency. 

 The advantages of using the object-system approach for 

enterprises of the tourism transport infrastructure are as follows: 

 increased profitability of core activities; 

 an increase in profitability of additional activities (tourism, 

advertising, insurance, public catering, 

services); 

 widening the range of services offered; 

 expansion of a partner network (transport, tourist, insurance 

companies); 

 enhancing customer satisfaction. 

         The benefits of using the object-system approach for consumers: 

 a wide range of services in one setting; 

 competitive pricing policy of enterprises; 

 a brand new information and service space. 

As a scientific method, the object-systems approach 

extends knowledge about the object of management, its 

structure, its external and internal environments (similar, but 

of different scale), the systems that ensure the functioning of 

the object as a whole and its separate links (controlling, 

managing, providing and serving), the laws, principles, rules 

of management, by developing management the theory. The 

object-system approach, combining the main concepts and 

principles of scientific school, the systemic, design and 

marketing approaches, becomes a new way of management 

and a brand new approach. 

Based on theoretical analysis, let us formulate the basic 

principles of the object-system approach: 

a) unlocking the potential of the object of management through 

the study of its structure (fixed and working capital, personnel, 

technology, designs, market, finance, service and 

maintenance); 

b) using the management mechanism, involving the subject, 

object, management functions, management methods, 

management principles, external environment, management 

program and management cycle of the object of management; 

c) use of economic methods of management (planning, 

economic calculation, pricing, credit and financial relations, 

wages, taxation, and market) 

d) building a model managing the object of management and 

modeling various management decisions. 

 The model of tourism transport infrastructure 

management on the example of the Imereti region is designed 

to address the following problems: 

 improving transport services for tourists in the region; 

 preserving the environment in the region as one of the tourist 

resources by optimizing and restraining traffic in specially 

protected areas; 

 increasing profitability of transport enterprises through the 

organization of modern and demanded ways of 

transportation; 

 an increase in payments to local budget by restricting 

activities of illegal private carriers; 

 raising awareness among tourists, including transit tourists, 

of the opportunities of the region by placing information 

posters, racks, terminals on transport routes, facilities and in 

the means of transport. 

In management of  the tourism transport infrastructure and 

market analysis of transport services, it is necessary to 

actively use marketing tools. Firstly, it meets modern 

management requirements, secondly, it will enable to allocate 

limited transport and human resources in most effective way, 

and thirdly, it will accelerate the development of transport 

and tourist systems. 

 

 

 

 

 Based on the above, let us present the methodology of the object of management (OM)  in graphical form. 

 

 

 Fig. 1 – Methodology for managing elements of tourism transport infrastructure  
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The object-system approach is a method of 

management based on a clear understanding of the object of 

management, its potentials, the use of economic 

management methods, management program and 

management simulation model. This understanding of 

object-system management can help to address the 

following scientific and practical issues: a) recognition of 

object-system management as a necessary method of 

management; b) expansion of the use of object-system 

approach by applying it in management of tourism transport 

infrastructure by transport and tourist enterprises.  

A tourism transport infrastructure needs advanced 

development, which can serve as the most serious growth 

driver of the industry and the country's economy. 

To implement the object-system approach, we 

recommend the following algorithm for the implementation 

of the new transport infrastructure management system for 

tourism (Table 2). 

 

 

 Table 2. An algorithm of introducing a new management system 

1 
Recognition of tourism transport infrastructure as an important part of the tourist system 

2 
Assessment of the importance of each of the objects of transport infrastructure for tourism development in the region  

3 Incorporating plans for the strategic development of transport infrastructure for tourism into the overall tourism development 

strategy  

(coordination of strategic plans for the tourism and transport industries)  

4 Formation of customer-oriented consciousness of the personnel of the tourism transport infrastructure facilities  (creating a 

service space) 

 

 

Assessment of activities carried out. Adjustment of the program 

 

3. conclusion 

 

1. Despite all the variety of modern scientific and 

methodological approaches to management, those 

approaches that are used in management of tourism and 

transport today in the region, do not produce significant 

positive results. The experts estimate the situation with 

most elements of tourism transport infrastructure as 

critical and declare the need for radical changes in 

management of tourism and transport at the state level. 

2. The following 7 unique properties of transport 

infrastructure of tourism have been identified: 

multifunctionality, communicativeness, dynamism, 

multifactority, injury risk, inclusiveness, and adaptability. 

3. The tourism transport infrastructure can become a 

competitive advantage of the tourist area, and its 

development should be considered in the design and 

implementation of tourism development strategy of both 

the region and the country. 

4. The regional development management model allows to 

assess the place and role of tourism transport 

infrastructure in the development of tourism and the 

regional economy and determine the consequences of 

certain management decisions. 

5. Among the parameters of evaluation of effectiveness of 

the model of management of tourism transport 

infrastructure development, it is necessary to highlight: 

passenger traffic, tourist flow, carbon dioxide emissions, 

tourism revenues, revenues from transport, employment, 

number of accidents and disasters, number of tourism and 

transport enterprises, volume of investments attracted to 

tourism and transport. 
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Abstract: The study of the formation process of the operation quality of a transport firm is the most topical, since this process significantly 

determines the dynamics of its evolution. The paper presents the concept of the product and service quality, describes the difference between 

the service and the product, as well as a step-by-step scheme of quality development. The history of quality management development is also 

discussed on the example of three leading regions of the world: USA, Japan and Western Europe.  

Methods for assessing the quality of products and services have been established, which are somewhat different from each other and are of 

great importance for assessing the activities of a transport enterprise. 
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1. Introduction 
Over the years, transport companies have been developed 

under the influence of the driving forces of the planned economy. 

At the same time, there there existed specific efficiency criteria, 

technical and operational indicators, their own systems for 

analyzing their activities. After the restoration of independence in 

Georgia, this system was dismantled and we moved to a market 

economy that is largely still under development. At the same time, 

the transition of the system from one dynamic mode to another 

always occurs in the phase of chaos, which is a precursor to new 

development for enterprises that have been functioning well. 

In this regard, the study of the process of formation of the 

quality of operation of transport company becomes the most 

relevant, since this process largely conditions the dynamics of its 

evolution. 

Despite the existence of undoubted achievements in this 

field, the continuous process of development of the market 

economy requires further research aimed at improving the quality 

of the operation of transport company in logistics systems 

maintenance [18.19].  

 

2.Preconditions and means for resolving the problem 

 

Quality is one of the most complicated categories that a 

person encounters in his work. The concept of quality is used when 

choosing items to meet various needs, and in the evaluation of the 

performance results of individual manufacturing operations or 

production and transport processes [3]. 

The quality system is a target subsystem of the 

organization's management system. According to international 

standards, the quality system involves the organizational structure, 

methods, processes and resources needed to effect a general quality 

change. 

In 1986, the International Organization for Standardization 

(ISO) established quality standards for all sectors of business and 

industry. In 1994, the terminology was clarified. The following 

definition of properties has ben standardized: quality - is a set of 

inherent properties of an object related to the possibility of 

satisfying stated and implied needs [3]. 

The methods for assessing the quality of products and 

services differ to some extent from each other. 

The quality of industrial products is understood as a set of 

technical and production properties of industrial products that must 

satisfy the production needs in accordance with its purpose. The 

quality of industrial products is directly bound up with use-value, 

but they cannot be identified. Quality, being an economic category, 

expresses not just the usefulness of the product, but the extent to 

which it could be useful, the quantitative aspect of use-value of the 

product. 

An economic bond between use-value and the quality of 

products occurs when the use of products by the consumer is 

considered. To assess the quality of industrial products, indicators 

are used, which can be divided into two groups: singular and 

complex ones.  

Singular indicators of quality characterize any one 

parameter (property) of products. Complex indicators of product 

quality characterize several product properties. For example, the 

availability ratio of product shows its reliability and maintainability 

simultaneously. Complex indicators of quality can be related to 

singular indicators through functional relationships, reflecting the 

laws of nature, or some combination, corresponding to the accepted 

definition of the complex indicator.  

All over the world, the dominate idea is now that the focus 

should be shifted from the product quality to the quality of labor 

and fixed assets of the enterprise. This is reflected in the ISO-9000 

standards.  

ISO 9000/1 draws attention to the distinction between the 

quality system requirements and the product quality requirements. 

It is on the basis of this distinction that the ISO 9000 family of 

standards applies to any organization and any type of product. The 

quality system requirements are seen as complementary to product 

requirements. 

The following four key aspects are a fundamental point of 

the new version of the ISO 9000 series of standards: 

- quality due to demand; 

- quality due to design; 

- quality due to the conformity of the design; 

- quality due by overall reliability. 

In the definition of quality, the concept of demand is 

primary. Their characteristics must correspond to the quality 

characteristics of the object. 

Definition - services (including transport) - includes 

services between the supplier and the client, the result of 

interaction, the result of the internal activity of the contractor to 

meet the needs of the client, and the provision of services is the 

activity of the service provider, which is necessary to ensure that 

the customer is satisfied. To ensure life activity of the person, 

services are no less important than products. 

The difference between service and product is as follows: 

- Services are intangible and therefore are difficult to 

measure. 

- The client is often involved in providing services. 

- Services are often used in parallel with their production, 

that is, services cannot be supplied, stored or transported. 

- If there is a discrepancy in service delivery, it is too late to 

do anything. The consumer assessment is done 

immediately. The result of the assessment may be the 

suspension or modification of the service, depending on the 

behavior of the consumer.  

- The client does not become the owner of any item when 

paying the service. 

The manager is responsible for the quality of service and 

meeting the customer's needs, which is a quality policy. To achieve 

the quality objectives, management must put in place a quality 

system structure that ensures effective management, assessment 

and improvement of service quality at all stages of its delivery. 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

78

 

mailto:Giorgi.purtskhvanidze@atsu.edu.ge
mailto:m.lejava@bsma.edu.ge
mailto:z.shubladze@bsma.edu.ge
mailto:iakobidze.giorgi92@gmail.com


All service elements, requirements and provisions related 

to the quality system must be defined and documented as the entire 

documentation of the organization. 

Consistent development of quality management methods 

and approaches in the world took place in accordance with certain 

laws (Fig. 1). The presented picture of the evolution of thinking in 

the field of quality confirms the continuous improvement and 

complication of activities that are commonly called quality 

management. The content of each subsequent stage of quality 

management assimilated new developments in quality theory and 

responded to the needs of customers, ensuring that their growing 

demands were met.  

Consider the history of the development of quality 

management on the example of three leading regions of the world: 

USA, Japan and Western Europe. 

The Industrial Revolution put an end to the handicraft 

production in America. The craftsman controlled the production 

process from start to finish. He was also a quality inspector, buying 

raw materials himself, doing sales and acting as a manager. Work 

became a source of pride for him, and in addition, he was able to 

exercise control over the final product [5]. 

As a result of the transition to mass production in the 19th 

century, a new type of worker was needed. Factories needed 

workers to perform simple, repetitive operations in a certain 

sequence. Such workers were not required to  have a high level of 

training and professional  

  
Fig. 1. Scheme of the stages of quality development    

 

 

 

In America, this system worked well because it allowed to 

produce more goods and services at a lower cost. After the Second 

World War, when most of the global industrial potential was 

destroyed, an acute shortage of goods and services, including 

transport services, arouse in all countries, 

A major problem for the US industry was high costs 

because of the low quality levels. Many US specialists considered 

low quality to be the main barrier to growth of labor productivity 

and the competitiveness of American products [6]. 

At the same time, the most sensible managers of American 

companies realized the need to improve the quality of American 

goods. It was decided that attention should be paid to the 

development of aspects such as: 

- employee motivation; 

- methods of statistical control; 

- raising the awareness among managers and staff; 

- accounting of costs of quality; 

- quality improvement programs; 

- material incentives. 

In the United States in the early 1980s, quality management 

was limited to quality planning - the predominance of the quality 

service field. At the same time, insufficient attention was paid to 

the customers of internal production - plans for the company 

improvement were developed without regard for the needs of 

company.  

In the United States, the problem of quality have become 

more apparent. As the prominent American expert A. Feigenbaum 

said, “Quality is neither evangelism, rationalization proposals, nor 

slogans; This is a lifestyle".  

Analyzing the American experience in the field of quality, 

we can consider the following characteristics: 
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- strict control of production using mathematical statistics 

methods; 

- paying attention to the production planning process, taking into 

account volume and quality indicators, administrative control 

over the implementation of plans; 

- improvement of overall company management. 

Measures taken in the United States to improve product 

quality have had a positive effect on reducing the difference in 

quality levels between Japan and the United States. 

The Japanese experience convincingly shows that quality 

improvement is a job that never ends. 

In 1945, Japan was in ruins. Its industry was completely 

destroyed. In the late 1940s and early 1950s, Japanese specialists 

introduced the so-called Deming Cycle, which deals with 

improving the quality of design, production, marketing, analysis 

and resulting changes - the PDCA cycle ("plan-do-check-act"). 

The basic concept of the "Japanese miracle" is a perfect 

technology, whether it is production, management or service 

technology. Computing and microprocessor technology, the latest 

materials, statistical methods, which are completely computerized, 

are widely introduced in companies. 

A characteristic feature of the development of the quality 

management system in recent years is that it includes a system of 

communication with the customer and the supplier. 

Company leaders see ways to solve the problem of further 

quality improvement only in cooperation, mutual trust between 

suppliers, manufacturers and customers. They consider the main 

objective to be the mandatory determination of the causes of 

inadequate quality, regardless of where they are found - with the 

supplier or the customer, and in the implementation of joint 

measures to eliminate the identified causes as soon as possible. 

According to Japanese experts, we need to start with the 

facts and their analysis, not following the logic of duties and 

responsibilities. We need combined efforts and collective 

decisions. 

Thus, we can highlight the main aspects in relation to 

quality in Japan: 

- wide introduction of scientific achievements in the field of 

management and technology; 

- high degree of computerization of all operations of 

management, analysis and control of production of goods and 

services; 

- maximum use of human capabilities, for which measures are 

implemented to stimulate creative activity, strengthen the 

loyalty towards their company, systematic and extensive 

training of personnel. 

Western European companies have an intensive policy of product 

quality improvement, and processes are subject to stricter control. 

Quality has become one of the factors to ensure the 

competitiveness of European countries. This strategy would 

require: 

- Unified legal requirements (directives). 

- Uniform standards. 

- Uniform verification processes to ensure that the company 

meets market requirements. 

The European market makes serious demands to companies from 

other countries that intend to enter it. 

In order to survive in the conditions of competition, the largest 

European companies are joining forces in the selection of 

progressive forms and methods of product quality management. As 

is known, this includes stable technology, an appropriate system for 

maintaining the technological accuracy of equipment and tools, 

metrological means of product control and testing, and an effective 

training system. 

Distinctive features of the European approach to solving 

quality problems are: 

- Legal framework for the performance of all works related to 

quality assessment and verification; 

- Harmonization of requirements of national standards, rules and 

certification procedures; 

- Creation of regional infrastructure and a network of national 

organizations authorized to perform work on product 

certification and quality systems, accreditation of laboratories, 

registration of quality specialists, etc. 

Convergence of quality levels achieved by different 

countries of the world became the reason for creative exchange of 

the best practices of quality improvement, integration of all 

approaches and methods that mankind has mastered on the 

evolutionary path of development of theory and practice of 

achieving high quality. Unified approaches developed in this way, 

recognized by experts in all countries, are now known as 

international principles of quality management (Fig. 2).  
International quality management is not a theoretical 

discipline, but a technology for managing the quality improvement 

process. It consists of three parts. 

1. The basic, key system - these are the methods and tools used for 

analysis and research. They are based on generally accepted 

mathematical apparatus, statistical control methods and are 

therefore used in all companies. They can be introduced into any 

country. 

2. Technical support system - is the technique and software that 

you can use to train your staff to master these tools and use them 

correctly. This system reflects the specifics of the country and each 

enterprise, associated with the country's national culture and 

traditions. You have to create it yourself, and deviating from 

experience or translating documents into your language will do 

nothing. 

3. System of continuous development of principles and content of 

TQM itself. It is even more specific, it reflects the national 

characteristics, the economic order within the country, as well as 

the legislation in force. 

International quality management is a real revolution in 

management. The development of new relationships requires social 

and organizational experimentation. You should try, gain 

experience, determine the pros and cons of the system. 

It is good when several companies are engaged in this at 

the same time according to coordinated plans. This saves time 

because one company will have to try different options 

simultaneously. Therefore, it is necessary to combine the efforts of 

a few dozen companies, conduct social and organizational 

experiments in parallel, and then jointly analyze the results and 

develop optimal solutions. 

The goal of international quality management is to achieve 

the highest quality products and services. 

The quality movement in Georgia has existed since the 

period of industrialization. Only through the systematic and 

comprehensive, interlinked implementation of technical, 

organizational, economic and social measures on a scientific basis, 

the quality of products can be improved quickly and sustainably. 

 

3. Conclusion 
 The following conclusions can be made on the basis of the 

research conducted within this work:  

1.  Thus, the factors affecting the quality of services and products 

can be united in three groups: the quality of manufactured products 

depends on conditions within an enterprise, human factor and 

external conditions. 

2. There is no criterion for assessing the quality of operation of a 

motor transport company in the complex, taking into account the 

influence of the external environment and the properties of the 

system.  

3. Lack of methodology for assessing the quality of functioning and 

the quality management methodology of a motor transport 

company, especially during the transition of this system from a 

planned to a market economy.  

4.  Thus, the objectively running process of the transition of a 

motor transport company from the state, in which it was in the 

planned economy, to a more complex and dynamic state 

characteristic of market relations, occurs spontaneously without 

competent management, and in these conditions, issues of quality 

of functioning continue to receive insufficient attention.  
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Fig. 2. International principles of quality management 
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Abstract: Korça region is characterised by diverse agro-ecology and it is considered as one of the richest crop genetic resource centres for 

food and agriculture in Albania, but not all this richness has a continuity on cultivation and usage. Many of these species are well adapted to 

specific regions, to various environmental stresses and have often developed their unique characteristics, good resistance to abiotic and 

biotic factors common diseases and pests. They have a high potential for providing food, and nutritional security to support local food 

system transformation and contribute to the diversity and stability of agro-ecosystems and the diversification of agriculture. As a result, 

some of them are endangered, and to be lost in the near future. Encourages of their cultivation can provide a promising approach towards 

ensuring substantial household security and the diversification of agriculture. In his paper are indicated at least 31 crop species that are 

neglected or underutilized in Korça region, which can be included as future smart foods, and may contribute on diversification of food and 

cultivated crops. 
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1. Introduction 
The genetic resources in agriculture, as part of humanity cultural 

heritage, are essential for the sustainable development of 

agricultural production, food security and adaptation to the climate 

change, as well as for the socio-economic development and welfare 

of rural areas. The sustainable conservation and utilization of plant 

genetic diversity are important means of achieving food security 

and more sustainable agriculture. Genetic diversity is a key element 

in farmers‟ livelihood strategies, particularly in areas with high 

ecological, climatic and economic stresses and risks. According to 

Wydra (2012), it is a crucial pre-requisite for sustainable 

agricultural production in a healthy environment is the conservation 

of agrobiodiversity at all scales and across all spheres. 

Actually, the need for safeguarding plant genetic diversity and 

minimizing genetic erosion is more pressing than ever. Serious and 

much closer attention must be paid to the conservation and use of 

plant genetic resources for food and agriculture (PGRFA), including 

increasing the value and contribution of neglected and underutilized 

species to food security and sustainable livelihoods (Ghosh, 2012). 

PGRFA can and will play an important role in meeting the 

challenges of local, regional and global food security. They allow us 

to optimize crops according to our needs and they are an integral 

component in efforts to reduce agricultural pressure (chemical 

inputs, etc.) on the environment and to adapt to changing climate 

and ever evolving pests and diseases (Marino, 2012). 

The genetic diversity of neglected and underutilized crop species 

(NUS) and landraces of major crops constitutes a very important 

part of agricultural biodiversity but it is in rapid decline. The loss of 

agricultural biodiversity and NUS, as part of it, is caused by a 

complex group of economic, social and demographic factors, 

including agricultural and food systems that focus on a very limited 

number of crops. The alarming decline of NUS genetic resources 

and the traditional knowledge associated with them has far-reaching 

implications for agriculture. 

NUS are those species with under-exploited potential for 

contributing to food security, health, income generation, and 

environmental services (Will, 2008). Underutilised crops are plant 

genetic resources with limited current use and potential to diversify 

and improve cropping systems and supply chains in a given context. 

They represent an important component of agro-biodiversity with 

potential to contribute to climate change adaptation, food security 

and sovereignty of marginal communities and rural areas. Terms 

such as underutilized, neglected, orphan, abandoned, lost, 

underused, local, minor, traditional, forgotten, alternative, niche 

crops, promising, underdeveloped, crops of the future or future 

smart foods (Padulosi & Hoeschle-Zeledon, 2004; Will, 2008) and 

other terms as minor, “poor man‟s crops” or “orphan crops” (Singh 

& Dhatt, 2021) are often used interchangeably as synonyms to 

define neglect and underutilized species (Padulosi & Hoeschle-

Zeledon, 2004; Will, 2008), which have been marginalized by 

specialized modern agricultural production systems. Owing to the 

many synonyms used when referring to NUS, perhaps the best way 

to understand what the term really means is to identify their key 

features underutilized species have in common and show how these 

relate to our lives (Padulosi & Hoeschle-Zeledon, 2004). 

Underutilized species are: important in local consumption and 

production systems, ignored by policy makers and excluded from 

research and development agendas, highly adapted to agro-

ecological niches and marginal areas, resilient to climate change, 

represented by ecotypes or landraces, most underutilized, cultivated 

and utilized drawing on indigenous knowledge, hardly represented 

in ex situ gene banks (Padulosi & Hoeschle-Zeledon, 2004; IFAD, 

2021).  

NUS are crops that have left at the margins of research and 

development. The word „neglected‟ underlines the low level of 

research investments made on these species when compared with 

mainstream commodity crops and „underutilized‟ alludes to their 

untapped livelihood potentials (IFAD, 2021). NUS include wild, 

semi or fully domesticated plants from various food groups (cereals, 

vegetables, legumes, roots and tubers, fruits, spices) and are an 

integral part of local cultures and food traditions (IFAD, 2021). The 

NUS commercial potential and the knowledge and technologies on 

how to utilize this potential in a competitive environment are 

ignored, and as consequence, their potential to contribute to agro-

biodiversity conservation, food security, nutrition and health, 

climate change adaptation, as well as poverty alleviation, is not 

tapped (Will, 2008). 

Korça region is characterised by diverse agro-ecology and it is 

considered as one of the richest plant genetic resources and NUS for 

food and agriculture in Albania. Many of these species are well 

adapted to specific regions, to various environmental stresses and 

have good resistance to common diseases and pests. Nevertheless, 

NUS' cultivation and use is declining from time to time and 

nowadays have a limited attention on the diversity and conservation 

of those genetic resources. This paper briefly discusses 

opportunities for a better and more sustainable management of 

plants, which opens up new possibilities for enhancing the 

conservation and potential use of landraces, underutilized and 

neglected species in Korça region, which can be included and used 

as future smart foods, and may contribute on diversification of food 

and cultivated crops. 

 

2. Methodology 
This paper is a preliminary study focused on identifying 

opportunities for promoting neglected and underutilized crops in 

Korça Region, in Albania and provides a specific analysis on this 

region. The paper was prepared based on a literature review, but 

also includes special attention to NUS in agricultural traditional 

systems and local varieties and landraces plant where significant 

agro biodiversity is found. Data were collected during expeditions 

from the different villages, direct observation and individual 

interviews. Field visits were carried out to see some of the species 

under cultivation and pictures for documentation were taken. The 

field investigations were carried out between May 2020 and August 
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2022. In addition, literature research were also developed for better 

documentation of the NUS recorded. A preliminary summary list of 

neglected and underutilized plant species, excluding fruit tree crops, 

was carried out based on literature review, analysis of Korça' 

community seed bank accessions, discussions with different 

farmers, researchers at Korça University and in agricultural research 

stations. The list included 31 species (Tab. 1). Crop identification 

includes also landraces of maize (Zea mays L.) and common bean 

(Phaseolus vulgaris L.). 

 

3. Results and Discussion  
The study revealed that no document, publication, or project has 

developed a list of neglected and underutilized crop species for both 

Korça Region and Albania. Based on the gathered information, 

there are at least 31 crop species, listed as neglected and 

underutilized in Korça (Tab.1).  

Some neglected and underutilized crop species have many 

important medicinal properties beside their nutritional value and can 

be used as nutraceutical or functional food, such as Armoracia 

rusticana, Trigonella foenum-graecum and T. caerulea, Portulaca 

oleracea, Panicum miliaceum, Lathyrus sativus, Sinapis arvensis 

etc.  

For example, horseradish (Armoracia rusticana Gaertn., Mey. & 

Scherb.) is a source of many biologically active compounds as 

glucosinolates, phenolics, flavonoids, phytoncide, essential oils, 

enzymes and other constituents including, vitamin C and B1, 

minerals (iron, potassium, calcium and magnesium) as well as 

kaempferol and quercetin (Stillo et al., 2018). The average content 

of vitamin C in horseradish can be almost three times higher than in 

citrus fruits (Rivelli et al., 2017). The richness in phytochemicals 

has encouraged the use of its roots and leaves in functional food and 

medicine for human health (Agneta et al., 2013; Stillo et al., 2018). 

In Devoll area in Korça region horseradish is used to prepare 

pickled vegetables and fruits (Stillo et al., 2018).  

Grass pea (Lathyrus sativus L.) produces seeds with very high 

protein concentration of up to 34.6%, which is higher than in 

chickpea, fava bean, or lupine (Lambein et al., 2019; Arslan et al., 

2022). It is one of the most affordable and the largest source of 

protein next to soybean. Grass pea is the only known dietary source 

of essential amino acid L-homoarginine (Ramya et al., 2022; 

Lambein et al., 2019), that may influence nitric oxide metabolism, 

endothelial function, insulin secretion, and inhibit platelet 

aggregation. Grass pea provides benefits in cardiovascular diseases 

treatments, including atherosclerosis, type 2 diabetes mellitus, and 

stroke (Ekua et al., 2019) and is useful to treat hypoxia - 

Alzheimer‟s disease and other memory-related disorders (Ramya et 

al., 2022). Therefore, as nutraceutical, grass pea is an excellent 

example of a potential “functional food” (Lambein et al., 2019; 

Llorent-Martínez at al., 2018). Currently, in Albania this culture is 

heavily marginalized and reduced to a very small area. It was 

cultivated years ago on in the southeastern area of the country, in 

Korça region, as a pulse that can be used for both food and feed, 

especially on marginal cropland with poor soils and into the rain-fed 

farming systems. The cultivated area in this region is estimated in 

the only few ha. The varieties sown are landraces maintained by 

traditional farming practices within the traditional agro-ecosystem 

that are adapted to local agro-climatic conditions. As world demand 

for legume protein increases, the rusticity of grass pea recalls its 

potential for cropping systems in marginal environments (Rubiales 

et al., 2020) like those of highland conditions on Korça region. 

Fenugreek seeds (Trigonella foenum-graecum L.) are rich in 

protein, lipids and mucilaginous fibre, variety metabolites, 

including alkaloids, saponins, sterols, flavonoids, coumarins and 

tannins compounds. Other constituents as vitamins (nicotinic acid, 

B1, C, A, and D) and minerals such as iron, phosphate, calcium and 

zinc are present (Icka & Damo, 2018). According to WHO (2007), 

in traditional medicine fenugreek is used as aphrodisiac, 

carminative, diuretic, emollient, galactagogue and tonic as well as a 

treatment of abdominal colic, bronchitis, diarrhoea, eczema, gout, 

indigestion, dropsy, fever, impotence, chronic cough, liver 

disorders, wounds and the common cold. Whereas in Arrëza village 

of Devoll area, the ground fenugreek seeds are often used to flavour 

sweets, to give special flavour, especially in baklava. In addition, 

the seeds are used to make tea, to treatment of fever, cough, and the 

common cold (Icka & Damo, 2018). 

Purslane (Portulaca oleracea L.) contains high level of nutrients 

and biologically active compounds (Rashed et al., 2004; Di Cagno 

et al., 2019) and has very important effects on human health and 

nutrition. It contains approximately 30 different biological activities 

and over 60 medicinal indications concerning the plant (Bossi et al., 

2009; Damo et al., 2011). Purslane is considered as the richest 

vegetable source of ω-3 fatty acids, especially α-linolenic and γ-

linolenic acids (Bianco et al., 2001; Palaniswamy et al., 2004; 

Damo et al., 2011; Mishra et al., 2020). It has been reported that it 

contains five times higher ω-3 fatty acids than spinach (Mishra et 

al., 2020). Purslane is identified as a rich source of antioxidant 

vitamins such as ascorbic acid, α-tocopherol, β-carotene and 

glutathione, as well as amino acids isoleucine, leucine, lysine, 

methionine, cysteine, phenylalanine, tyrosine, threonine and valine 

(Peksel et al., 2006; Damo et al., 20211). Purslane also provides a 

source of alkaloids, coumarins, flavonoids, anthraquinone 

glycosides and betacyanin (Palaniswamy et al., 2004; Peksel et al., 

2006; Damo et al., 2011) and potassium, magnesium, sodium, and 

sulphur (Bossi et al., 2009; Damo et al., 2011). Purslane is 

considered a “medicinal food” (Bossi et al., 2009; Damo et al., 

2011), a “power food” of the future because of its high nutritional 

and antioxidant properties (Gonnella et al., 2005; Peksel et al., 

2006; Damo et al., 2011). It has gained attention as a functional 

food (Di Cagno et al., 2019; Kumar et al., 2021; Souza et al., 2022) 

and as an important nutraceutical food (Kumar et al., 2021) due to 

the chemical composition of this plant regarding bioactive 

compounds.  

 

Table 1. List of neglected and underutilized species 

No  Latin plant name Common plant 

name 

1 Armoracia rusticana Gaertn., 

C.A.Mey.&Scherb. 

Horseradish  

2 Trigonella foenum-graecum L.  Fenugreek 

3 Trigonella caerulea (L.) Ser. Blue fenugreek 

4 Atriplex hortensis L. Garden orache 

5 Portulaca oleracea L. Common purslane 

6 Cicer arietinum L. Chickpea  

7 Lens culinaris L.  Lentil 

8 Lathyrus sativus L.  Grass pea 

9 Lathyrus tuberosus L.  Tuberous pea 

10 Vicia faba L. Faba bean 

11 Vicia ervilia L. Bitter vetch 

12 Vicia sativa L. Common vetch 

13 Glycine max (L.) Merr. Soybean  

14 Sorghum bicolour L. Broomcorn 

15 Panicum miliaceum L.  Proso millet 

16 Rumex acetosella L. Sorrel 

17 Sinapis arvensis L.  Wild mustard 

18 Helianthus tuberosum L. Jerusalem 

Artichoke 

19 Triticum 

monococcum ssp. monococcum L. 

Einkorn 

21 Triticum turgidum L. Durum wheat  

22 Chenopodium bonus-henricus L. Perennial goosefoot 

23 Coriandrum sativum L. Coriander  

24 Anethum graveolens L. Dill  

25 Helianthus annuus L. Sunflower 

26 Tanacetum balsamita L. Costmary  

27 Chenopodium album L. Fat hen 

28 Vigna unguiculata (L.) Walp Cowpea 

29 Lupinus albus L.  Field lupine 

30 Avena sativa L. Oat  

31 Fagopyrum esculentum Moench. Buckwheat 
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Broomcorn/common or proso millet (Panicum miliaceum L.) is 

nutritionally comparable to major cereals and serve as good source 

of protein, micronutrients and phytochemicals. It has recently 

received increasing interest due to its nutraceutical traits (Calamai 

et al., 2020). 

Despite their huge nutritional, economic, and medicinal importance, 

fenugreek, horseradish, purslane and broomcorn millet remained 

neglected and underused plant to date in Korça region and Albania. 

They should considered for a sustainable food security in the future. 

NUS are good sources of micronutrients, protein, energy and fibre, 

which would contribute to food and nutrition security, therefore 

they may be prioritized for consideration as Future Smart Food 

(FSF). According to FAO (2018), FSFs are defined as neglected and 

underutilized species that are nutrient dense, climate resilient, 

economically viable, and locally available or adaptable. Pulses (dry 

beans, field pea, grass pea, chickpea, cowpea, lupine, common 

bean, fava beans, lentil and others) may be prioritized as FSFs in 

Albania. They contain many ingredients that are important for a 

healthy diet and that can help to reduce the risk of developing 

chronic non-communicable diseases. For example, chickpea, in 

comparison with polished white rice, contains three times more 

protein, four times more dietary fibre, four times more iron and 70 

times more folate, though the energy level is similar in both crops. 

Lupine contains five times more protein, eight times more dietary 

fibre, four times more iron and 44 times more folate than rice (Li & 

Siddique, 2020).  

Surveys conducted showed that cultivation, utilization and 

traditional knowledge related to NUS are decreasing although they 

play, or have great potential to play, an important role in 

diversifying the diets, in improving the nutrition, in strengthen food 

and nutrition security and resilience in the face of climate change. 

For this reason, is necessary to take initiatives to raise awareness 

about the importance of NUS for food and nutrition security, and to 

make them more available and accessible for farmers, and all the 

possible actors including researchers, developers, and producers. In 

this regard, according to Oxfam Novib (2018), the development of 

strategies focused on the long-term food preservation of key 

nutritional NUS is crucial.  

The stress derived from water deficit is currently one of the most 

important problems in agriculture. Local varieties of crops can 

provide the adaptations required to overcome the environmental 

variations derived from climate change. NUS and local cultivars 

traditionally grown over the years should be expected to show better 

adaptability to the climate change effects, as they are already 

adapted to the hot and dry summer's characteristic of the local and 

regional climate. NUS harbour also specific adaptations for low-

input farming, therefore, they can help face new regional 

agricultural challenges. For example, broomcorn millet (Panicum 

miliaceum) is one of the underutilized crops of cereal grains in 

Albania. It grows well under marginal conditions of soil fertility 

and moisture. This climate resilient crop is characterized by 

resistance to pests and diseases, short-growing season, and 

productivity under high-temperature and drought conditions in 

which the major cereals cannot be to provide sustainable yields 

(Himanshu et al., 2018). The short growing cycle (3–4 months) 

makes this species desirable for sustainable rain-fed agriculture 

(Calamai et al., 2020). The distinctive biological, nutritional and 

ecological traits makes broomcorn millet particularly attractive and 

as one of the most valuable crops for the world's food supply today 

(Kirleis, et al., 2022).  

To elevate the awareness on the contribution of millets for food 

security and nutrition and to promote its diversity, ecological 

benefits and nutritional value, the Food and Agriculture 

Organization of the United Nations (FAO) declared 2023 as 

the International Year of Millet.  

Local varieties or landraces of crops, apart from their commercial, 

medicinal and cultural value, are very important for sustainable 

food production as they reduce the impact of production systems on 

the environment. Landraces of many crops are naturally adapted to 

specific local and regional conditions (marginal soil and climatic 

conditions), and can be grown with minimal external inputs. For 

example, in many areas of Korça, especially in the hilly-

mountainous zones, where due to non-irrigable conditions, some 

traditional landraces of common bean (Phaseolus vulgare L.), 

drought-tolerant with short growth cycles (“Saçme”, “Saçme e 

“Goskovës”, “Kraçe e Vidohovës”, fasule e Prespës, fasule 

“Përdhese” etc.) have been successfully cultivated. In addition, in 

such conditions, some landraces of maize (Zea mais L.) (Maiz of 

Prespa, Mais of Sinica, etc.), have been successfully cultivated. 

Biodiversity of plant species used as human food is a decisive tool 

for ensuring food productivity and food security not only for 

farmers, but also for the other consumer (Baldermann et al., 2016). 

Agricultural diversification is key to make agro-food systems more 

sustainable. Consequently, numerous neglected and underutilized 

species offer the potential to diversify not only the human diet, but 

also increase food production levels, and, thus, enable more 

sustainable and resilient agro-food systems. Introducing these 

orphan species would increase the opportunity to produce nutrient-

rich food as well as simultaneously enhancing the environmental 

capacity for future generations to supply themselves (Baldermann et 

al., 2016). 

Crop diversity, food security and climate change are closely linked 

in diverse and complex ways (Marino, 2012). In the context of 

global climate change it is expected to have a major impact on 

biotic and abiotic stresses in agricultural production systems and on 

yield and sustainability of crops, for this reason a greater crop 

diversity in the planting system will increase resilience to abiotic 

and biotic stresses. According to Ebert (2014), a wider use of 

neglected and undervalued crops and species would provide 

multiple options to build temporal and spatial heterogeneity into 

uniform cropping systems, thus enhancing resilience to biotic and 

abiotic stress factors and ultimately leading to more sustainable 

supply of diverse and nutritious food. The diversity of underutilized 

plant species, landraces and crop wild relatives, represent 

significant repositories of traits that could contribute to the ongoing 

efforts to produce food of sufficient quantity and adequate quality 

with minimum inputs (Ghosh, 2012). However, some of such crops 

are currently in first steps of attention attracton from local farmers 

as Armoracia rusticana, Vigna unguiculata, Cicer arietinum, 

Lathyrus sativus etc. The re-introduction, management and 

promotion of NUS is highly important for future agricultural 

diversification and food security as well as to increase farmer 

income (Schmidt et al., 2008). 

Unfortunately, there are no specific policies in Albania and in 

Korça Region regarding the utilization and protection of NUS and 

the attention of human and institutional capacity required for 

research, marketing and knowledge sharing in NUS is weak or 

absent. Despite the essential role of PGRFA and NUS of Albania, 

the level of attention given to their collection, conservation and 

sustainable use is insufficient. Some of the most important reasons 

for the status of the NUS and their relative importance are: the lack 

of financial supports for research oriented to the neglected crops, 

lack of national promotion police, low yield, young generation of 

farmers are mostly interested in cash crops that can provide them 

with a lot of money, lack of information for species with 

nutraceutical values. If no action will be take, to halt the rate of 

genetic erosion in NUS then they would inevitably lose their value, 

and the loss of useful genetic resources could compromise future 

food security. 

The lack of a national strategy and programmes for the collection, 

conservation and sustainable use of plant genetic resources, together 

with the lack of funds, lack of public awareness, and limited human 

capacity available for dealing with PGRFA management, remain a 

serious and urgent issues for Albania that should be addressed in the 

near future (Ibraliu, 2018). To address this problem, 

universities/research institutes in Albania and the Korça region 

should undertake projects to build human and institutional 

capacities to increase the conservation and use of neglected and 

underutilized crop species, as well as studies on diversity of 

neglected and underutilized species of food crops.  

In order to provide policy makers with more detailed and 

convincing economic data, it is recommended that a scientifically 
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well-designed socioeconomic study should be conducted on the 

identified species. 

 

4. Conclusions 
Korça Region has a great diversity of neglected and underutilized 

crop species. Thirty one NUS were identified across different crop 

categories. This is the first list conducted for Korça Region and 

Albania too. The conservation, use, management and promotion of 

neglected and underutilized crop species can play an important role 

in local diet diversify and sustainable food production system, 

providing valuable nutritional components and contribute to the 

diversity and stability of agro-ecosystems and the diversification of 

agriculture. Encourages of their cultivation and use can provide a 

promising approach towards ensuring substantial household security 

and the diversification of agriculture. They can also help to generate 

income from labour for farmers throughout the year.  

Although the use and value of these plants are clearly familiar to the 

farmers‟ communities, more needs to be done to enhance 

knowledge. Unfortunately, NUS have never been the priority of the 

national and regional agricultural research system and are 

frequently not recognized in the context of food and nutrition 

policies, mainly because of lack in political and financial supports. 

In the long-term, for the promotion of NUS, it will be important to 

put in place a national and special research, involving all the 

possible actors. Also, there should be adopted a socio-ecological 

approach and policies that are consistent with their sustainable use, 

management and development, to make significant contributions to 

local economies and food security. 

 

5. References 
Agneta, R., Möllers, C., Rivelli, AR. (2013). Horseradish 

(Armoracia rusticana), a neglected medical and condiment 

species with a relevant glucosinolate profile: a review. Genet 

Resour Crop Evol 60:1923–1943. 

Arslan, M., Yol, E., Türk, M. (2022). Disentangling the genetic 

diversity of grass pea germplasm grown under lowland and 

highland conditions. Agronomy, 12, 2426. 

https://doi.org/10.3390/agronomy12102426. 

Baldermann, S., Blagojević, L., Frede, K., Klopsch, R., Neugart, S., 

Neumann, A., Ngwene, B., Norkeweit, J., Schröter, D., 

Schröter, A., Schweigert, F. J., Wiesner, M. & Schreiner, M. 

(2016). Are neglected plants the food for the future? Critical 

Reviews in Plant Sciences, 35:2, 106-119. 

Bianco, V. V., Damo, R., Roshanji, N., Mero, Gj., (2001). Piante 

spontanee della flora albanese utilizzabili come ortaggi e piante 

da condimento / coordinato da Vito Vincenzo Bianco. 

Dipartimento di scienze delle produzioni vegetali, Università 

degli studi di Bari. Titolo parallelo: Bimët spontane të florës 

shqiptare të përdorshme si perime dhe bimë për erëza. 111 

p. Bari, Italia. 

Bosi, G., Guarrera, P. M., Rinaldi, R., Bandini Mazzanti, M. (2009). 

Ethnobotany of purslane (Portulaca oleracea L.) in Italy and 

morphobiometric analyses of seeds from archaeological sites in 

the Emilia Romagna Region (Northern Italy). Plantsand 

Culture: seeds of the cultural heritage of Europe. Edipuglia s.r.l 

Calamai, A., Masoni, A., Marini, L., Dell‟acqua, M., Ganugi, P., 

Boukail, S., Benedettelli, S., Palchetti, E. (2020). Evaluation of 

the agronomic traits of 80 accessions of proso millet (Panicum 

miliaceum L.) under Mediterranean pedoclimatic conditions. 

Agriculture 10, 578. 

Damo, R., Icka, P., Damo, P., (2011). Portulaca oleracea bar i keq 

me potencial ushqyes të lartë. Buletini Shkencor (Seria e 

shkencave të zbatuara), Universiteti “Fan S. Noli”, Korçë, nr. 

22, 31 – 52. ISSN: 2078-7111. 

de Souza, P. G., Rosenthal, A., Ayres, E. M. M., Teodoro, A. J. 

(2022). Potential functional food products and molecular 

mechanisms of Portulaca oleracea L. on anticancer activity: A 

review. Hindawi Oxidative Medicine and Cellular Longevity, 

Vol.2022, Article ID 7235412, 9 p. 

Di Cagno, R., Filannino, P., Vincentini, O., Cantatore, V., Cavoski, 

I., Gobbetti, M. (2019). Fermented Portulaca oleracea L. Juice: 

A novel functional beverage with potential ameliorating effects 

on the intestinal inflammation and epithelial injury. Nutrients 

2019, 11, 248. 

Ebert, A., W. (2014). Potential of underutilized traditional 

vegetables and legume crops to contribute to food and 

nutritional security, income and more sustainable production 

systems. Sustainability 6, 319-335.  

Ekua, N. E., Che, D., Adams, S., Qin, G., Zhao, B., Jiang, H. 

(2019). Roles of homoarginine in the cardiovascular system. 

Applied ecology and environmental research, 17(5):10565-

10574. 

FAO (2018). In X. Li, & K. H. M. Siddique (Eds.), Future smart 

food: Rediscovering hidden treasures of neglected and 

underutilized species for zero hunger in Asia. Bangkok: Food 

and Agriculture Organisation of the United Nations. 

Ghosh, K. (2012). New opportunities for a strategic focus on farmer 

varieties, landraces and underutilized species. In Padulosi, S., 

N. Bergamini and T. Lawrence, editors (2012). On farm 

conservation of neglected and underutilized species: status, 

trends and novel approaches to cope with climate change: 

Proceedings of an International Conference, Frankfurt, 14-16 

June, 2011. Bioversity International, Rome. 

Gonnella, M., Charfeddine, M., Conversa, G., Santamaria, P. 

(2005). Portulaca: da infestante ad alimento funzionale? Colture 

protette, N. 3.  

Himanshu, K., Chauhan, M., Sonawane, S. K., Arya, S. S. (2018). 

Nutritional and nutraceutical properties of millets: A review. 

Clinical Journal of Nutrition and Dietetics 1(1): 1-10. 

Ibraliu, A. (2018). Evaluation of plant genetic resources in Albania. 

Tirane, Albania. 

Icka, P., Damo, R. (2018). Horseradish (Armoracia rusticana) and 

fenugreek (Trigonella foenum-graecum) two neglected crops. 

XIIIth International Symposium Tirana “Biodiversity and 

Sustainable Development”. 14 December 2018. 

IFAD (2021). How to do: promote neglected and underutilized 

species for domestic markets. Nutrition-sensitive Agriculture - 

Note no. 3. 

Kirleis, W., Dal Corso, M., Filipović, D. (2022). Millet and what 

else? The wider context of the adoption of millet cultivation in 

Europe. Sidestone Press Academics. 

Kumar, A., Sreedharan, S., Singh, P., Achigan-Dako, E. G., 

Ramchiary, N. (2021). Improvement of a traditional orphan 

food crop, Portulaca oleracea L. (Purslane) using genomics for 

sustainable food security and climate-resilient agriculture. 

Frontiers in Sustainable Food Systems, 5:711820. 

Lambein, F., Travella, S., Kuo, Y. H., Montagu, M. V., Heijde, M. 

(2019). Grass pea (Lathyrus sativus L.): orphan crop, 

nutraceutical or just plain food? Planta 250(3). p. 821-838. 

Li, X., Siddique, K. H. M. (2020). Future Smart Food: Harnessing 

the potential of neglected and underutilized species for Zero 

Hunger. Maternal & Child Nutritio; 16(S3): e13008. 

Llorent-Martínez, E.J., Zengin, G., Fernández-de Córdova, M.L., 

Bender, O., Atalay, A., Ceylan, R., Mollica, A., Mocan, A., 

Uysal, S., Guler, G.O., Aktumsek, A. (2017) Traditionally used 

Lathyrus species: phytochemical composition, antioxidant 

activity, enzyme inhibitory properties, cytotoxic effects, and in 

silico studies of L. czeczottianus and L. nissolia. Front 

Pharmacol 8:83. 

Marino, M (2012). The relevance of the International Treaty on 

Plant Genetic Resources for Food and Agriculture as a tangible 

instrument for sustainable agriculture. In Padulosi, S., N. 

Bergamini and T. Lawrence, editors (2012). On farm 

conservation of neglected and underutilized species: status, 

trends and novel approaches to cope with climate change: 

Proceedings of an International Conference, Frankfurt, 14-16 

June, 2011. Bioversity International, Rome. 

Mishra, V., Chugh, V., Dwivedi, S. V., Sharma, K. D. (2020). Food 

and nutraceuticals value of purslane (Portulaca oleracea L.): 

An overview. The Pharma Innovation Journal, 9(7): 419-424. 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

85

 



Oxfam Novib, ANDES, CTDT, Searice (2018). Neglected and 

underutilized species for improved diets. Briefing paper. The 

Hague: Oxfam Novib. 

Padulosi, S., Hoeschle-Zeledon, I. (2004). Underutilized plant 

species: what are they? Leisa Magazine, March. 

Palaniswamy, U.R., Bible, B.B., McAvoy, R. J., 2004. Oxalic acid 

concentrations in Purslane (Portulaca oleraceae L.) is altered 

by the stage of harvest and the nitrate to ammonium ratios in 

hydroponics. Scientia Horticulturae 102: 267–275. 

Peksel, A., Arisan-Atac, I., Yanardag, R., 2006. Antioxidant 

activities of aqueous extracts of purslane (Portulaca oleracea 

subsp. Sativa L.) Italian Journal of Food Science, 2006 vol. 18, 

n. 3. 295-308.  

Ramya, K. R., Tripathi, K., Pandey, A., Barpete, S., Gore, P. G., 

Raina, A. P., Khawar, K. M., Swain, N., Sarker, A. (2022). 

Rediscovering the potential of multifaceted orphan legume 

Grasspea- a sustainable resource with high nutritional values. 

Front. Nutr. 8: 826208. 

Rashed, A., Atifi, F., Shaedah, M., Taha, M. 2004. Investigation of 

the Active Constituents of Portulacae oleraceae L. 

(Portulacaceae) growing in Jordan. Pakistan Journal of 

Pharmaceutical Sciences Vol. 17, No.1, pp. 37-45. 

Rivelli, A. R., Caruso, M. C., De Maria, S., Galgano, F. (2017). 

Vitamin C content in leaves and roots of horseradish 

(Armoracia rusticana): Seasonal variation in fresh tissues and 

retention as affected by storage conditions. Emirates Journal of 

Food and Agriculture, 29(10):799-806. 

Rubiales, D., Emeran, A. A., Flores, F. (2020). Adaptation of Grass 

Pea (Lathyrus sativus) to Mediterranean Environments. 

Agronomy 10, 1295. 

Schmidt, M., Wei, W., Polthanee, A., Lam, N. T., Chuong, S., Qui, 

Li-j., Banterng, P., Dung, P. T., Glaser, S., Gretzmacher, R., 

Hager, V., de Korte, E., Li, Y.-h., Phuong, N. T., Ro, S., Zhang, 

Z.-y., Zhou, H.-f. (2008). Ambiguity in a trans-disciplinary 

stakeholder assessment of neglected and underutilized species 

in China, Cambodia, Thailand and Vietnam. Biodivers Conserv 

(2008) 17:1645–1666. 

Singh, S., Dhatt, U. K. (2021). Minor Crops: A Path towards Crop 

Diversification. International Journal of Current Science 

Research and Review, Vol. 4(12): 1627-1631.  

Stillo, P., Icka, P., Damo, R. (2018). Armoracia rusticana Gaertn., 

Mey. & Scherb. A neglected multiuseful species. BSHN (UT) 

26: 312- 322. 

WHO (2007). WHO monographs on selected medicinal plants - 

Volume 3. World Health Organization, Geneva, Switzerland.  

Will, M. (2008). Promoting Value Chains of Neglected and 

Underutilized Species for Pro-Poor Growth and Biodiversity 

Conservation. Guidelines and Good Practices. Global 

Facilitation Unit for Underutilized Species, Rome, Italy. 

Wydra, K. (2012). The insurance function of agrobiodiversity and 

the importance of monitoring its conservation and use to cope 

with change. In Padulosi, S., N. Bergamini and T. Lawrence, 

editors (2012). On farm conservation of neglected and 

underutilized species: status, trends and novel approaches to 

cope with climate change: Proceedings of an International 

Conference, Frankfurt, 14-16 June, 2011. Bioversity 

International, Rome. 

 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

86

 



Traditional Tea Uses of Wild and Cultivated Plants in Albania and Kosovo, an Ethnobotanical 

Review  
 

Pirro Icka*, Robert Damo 

Department of Agronomy, University Fan Noli  

Korça, Albania 

pirroicka@yahoo.com 

 

Abstract  

Folk uses of wild plants for tea making are particular strongly linked to specific biodiversity and cultural knowledge. As part of 

Mediterranean climate, Albania and Kosovo have a reach plant diversity. This literature review, based on ethnobotanical studies in both 

countries, gather wild and cultivated plant species used in the form of the herbal infusions, with an attempt to document diversity of plant 

species and information for making herbal tea. Results obtained showed that plants listed in this study represented by around 150 taxa, 

grouped in 53 families. The Lamiaceae with 25 species, Asteraceae with 20 and Rosaceae with 17 species were the most represented 

botanical families. In Albania are used 128 plant species, while on Kosovo 75 species. Of these, around 53 plant species used in both 

countries, 75 species have usage only in Albania and 22 only in Kosovo. A large portion of the wild plant reports to be used as tea making in 

both countries. The most used plants in both countries are Origanum vulgare L., Matricaria chamomilla L., Melissa officinalis L., Achillea 

millefolium L., Rosa canina L. etc. 

KEYWORD: HERBAL TEA, ETHNOBOTANY, TRADITIONAL KNOWLEDGE, WILD PLANTS. 

 

1. Introduction 
Since antiquity, humans have used a great diversity of non-

cultivated or ―wild‖ plants for food, medicines, fuel, and many 

other purposes, still, playing a substantial role in the traditional 

livelihood of rural Mediterranean areas although the traditional food 

knowledge has already disappeared from many regions or is 

currently at risk of becoming forgotten (Nebel and Heinrich, 2009). 

Traditional food knowledge is strongly influenced and determined 

by socio-economic and cultural parameters, as well as religion and 

history resulting in many diets, which share lot of elements but also 

revolve around distinct local or regional traditions (Nebela et al.,, 

2006).  

The history of medicinal plant use by humans to treat diverse 

ailments dates back to ancient civilizations (Abbas et al.,, 2016). In 

developing countries and rural societies, the use of medicinal plants 

is both a valuable resource and a necessity, and furthermore it 

provides a real alternative for primary health care systems (Macia et 

al.,, 2005). Herbal tea plants as part of medicinal plants, mainly 

referring to a range of plant species, which used to make herbal tea, 

as fresh or dried plant, without further processed (Li et al.,, 2017). 

Many of these plants have folk names like ‗tea-leaves‘ and ‗tea-

plants‘ in various native languages (Sõukand et al.,, 2013). 

According to the European Medicines Agency, herbal tea consist of 

one or more herbal ingredients intended for oral aqueous 

consumption, prepared by means of decoction, infusion or 

maceration (EMA, 2010; Piljac–Zegarac et al.,, 2013). Usually, 

infusion is appropriate for leaves, flowers and delicate parts 

whereas decoction or maceration is appropriate for roots, rhizomes 

and barks (EMA, 2010). In Albania and Kosovo, the hot teas are 

prepared, without any distinguish, like infusion or decoction. 

Although, decoctions, not teas, are in fact the traditional way that 

herbs are prepared and drunk in the Mediterranean (Sõukand et al.,, 

2013), while preparation of teas as infusion (in the classical sense) 

is related to the Ottoman influence (Rexhepi et al.,, 2013; Sõukand 

et al.,, 2013) tended to enhance the shift from decoctions to teas 

(çaj) (Rexhepi et al.,, 2013). The usage of ‗home-made teas‘, from 

rural and mountain people, probably is to substitute the imported 

black tea used by the upper classes (Aylangan, 2011; Sõukand et 

al.,, 2013). 

Albania and Kosovo characterized by high plant diversity and their 

people have well traditional knowledge about the usage of wild 

edible plants that are still an integral part of the society in both 

countries. The high plant diversity showed of Plant Diversity Index 

of 0,695 for Albania and 0,708 for Kosovo, as well as of Index of 

Biocultural Diversity by 0,432 for Albania and 0,409 for Kosovo 

(Damo et al.,, 2012). Albania has a rich biodiversity with a rich 

diversity of medicinal and aromatic plants and represents one of the 

European countries with a very rich flora. The Albanian flora 

includes altogether 4 004 taxa occurring in the wild, 3,800 of which 

are native and 204 are introduced (Barina et al.,, 2018), about 30 % 

of European Flora (Ibraliu et al.,, 2014), out of 30 are endemic 

species and about 180 sub-endemic species (Ibraliu et al.,, 2014). 

This diversity is attributable to favourable climatic conditions, 

ranging from coastal subtropical towards inland continental 

climates; its geographical position in the Mediterranean region and 

in the Balkan Peninsula resulted in many different types of 

landscape (Ibraliu et al.,, 2014). Kosovo retains a great biological, 

ecological and landscape diversity (Mustafa et al., 2011) and the 

total number of vascular plants is estimated to be somewhere 

between 2800 - 3000 (Millaku et al.,, 2017). 

The aim of this review was to assess and compare the available 

information on plants used for infusion tea in Albania and Kosovo, 

and the people ethnobotany knowledge to use plants for health care. 

 

2. Material and method 
Data for this review research collected from secondary source as 

journals, books and different published materials. Our selected 

literature survey was consisted of searching of different 

ethnobotanical literature of Albania and Kosovo countries. The 

paper focused in both two countries due to the same linguistic and 

tradition that they have. We conducted systematic literature 

searches using search terms e.g. ethnobotanical study, plant of 

tea, plants used for tea, herbal infusion to find suitable articles, 

all in Albania or Kosovo. The surveyed literature included papers 

published between 1980 and 2017 in English and Albanian 

languages. From the search, a total by 22 literature sources collected 

and used for to select the plants used for tea making in the form of 

the herbal infusions in Albania and Kosovo. All information 

regarding plant i.e., botanical name, family, Albanian and English 

plant vernacular name, part used and ethnomedicinal use was taken 

from the selected literature. 

 

3. Results and Discussion 
Although there is no evidence regarding the beginning of herbal tea 

use in Albania and Kosovo, as shown in the table 1, they have 

knowledge to prepare teas from a diverse plant species. From the 

literature results, that it is a lack of ethnobotany studies to cover all 

the territory of both countries, these studies made with specific ethic 

groups and specific living condition of population, especially on the 

mountain regions according to the author interest. From the table 1, 

result that 150 taxa are used to prepare infuse tea in both countries. 

Albania seems to have more knowledge in usage the plants to 

prepare teas with 128 taxa, while in Kosovo are used 75 taxa, 53 

taxa similar in both countries, 75 taxa are used only in Albania and 

22 only in Kosovo. Although people use a lot of species to prepare 
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teas, they are only 3,2 % of Albania flora and 3,0 % of Kosovo 

flora.  

The results indices that these tea species distributed in 53 different 

botanical families (table 2). The Lamiaceae with 25 species (21 in 

Albania and 13 in Kosovo), Asteraceae with 20 (16 in Albania and 

10 in Kosovo) and Rosaceae with 17 species (15 in Albania and 11 

in Kosovo) were the botanical families with most representatives. 

Although, from Fabaceae and Apiaceae family in Albania people 

use, respectively six and four specie for tea, there is no evidence 

that plants from these families used in Kosovo to prepare the tea. 

According to EMA (2010), an infusion is prepared from leaves, 

flowers and delicate parts; this is shown also in the table 1and 3 

where flowers, leaves and fruits, respectively from 40, 33 and 24 

taxa, are the most mentioned plant parts that people use for tea. 

Mention as aerial part, in literature, people use 68 taxa, but in most 

of the case without any explanation, which part is used. Also from 

upper part of plant used seeds, cortex, stem and buds. From root 

system in both countries used only 14 taxa for tea. In Albania, 

people use more rhizomes than in Kosovo (respectively 4 and 1), 

while, in Kosovo use more root than in Albania for tea (respectively 

7 and 3). Only ones is mention use of resin to prepare tea, this in 

Kosovo. 

Both countries have a good knowledge to use infuse teas to treat 

disease. Species like Achillea millefolium L.; Agropyron repens (L.) 

Beauv.; Artemisia absinthium L.; Cornus mas L.; Crataegus 

monogyna Jacq.; Humulus lupulus L.; Hypericum  perforatum L.; 

Juniperus communis L.; Matricaria chamomilla L.; Melissa 

officinalis L.; Origanum vulgare L.; Rosa canina L.; Rubus 

fruticosus L.; Salvia officinalis L.; Sambucus nigra L.; Sideritis 

raeseri Boss. et Heldr.; Taraxacum officinale Weber s.l.; Urtica 

dioica L.; Vaccinium myrtillus L., etc., are most used to treat many 

health disorders, but only 13 taxa are mentioned to be panacea (10 

in Albania and 8 in Kosovo). The higher number tea plants treat the 

respiratory disorders (table 4), 31 mentioned by the literature (26 in 

Albania and 25 in Kosovo), followed by kidney and urinary 

disorders, diarrhoea, cardiac and blood diseases and diuretic effect 

with 27 taxa; antidiabetic with 15 taxa; headache and flu/cold with 

13 taxa. Only six taxa are mention to prepare recreation tea, six taxa 

mentioned in Kosovo, and only four of them mentioned in Albania.  

At least 13 taxa are find to name as medical specie or with the name 

of the human organ either with disease that they treat. This taxa are: 

Achillea millefolium L., (Barëpezmatim); Althea officinalis L., 

(Mullanja mjekësore); Centaurium erythraea Rafn (Bari i etheve); 

Chelidonium majus L., (Latrapec); Gentiana lutea L., (Bar zemre); 

Leonurus cardiaca L., (Leonuri i zemrës); Lythrum salicaria L., 

(Bargjaku); Parietaria officinalis L., (Parietaria mjeksore); Phyllitis 

scolopendrium L., (Bar mushknisë); Pimpinella anisum L., (Bar i 

gjirit); Sempervivum tectorum L. (Bar veshi); Valeriana officinalis 

L., (Heraqina mjekësore); Verbena officinalis L., (Bar i shpretkës). 

The Achillea millefolium L.; Crataegus monogyna Jacq.; 

Hypericum  perforatum L.; Juglans regia L.; Matricaria 

chamomilla L.; Melissa officinalis L.; Origanum vulgare L.; 

Primula veris L.; Rosa canina L.; Sideritis raeseri Boss. et, Heldr.; 

Thymus serpyllium L.; Tilia cordata Mill.; Vaccinium myrtillus L., 

are the most cited taxa in both countries.  

 

4. Conclusion 
Albania and Kosovo has a good knowledge to use many plant 

species to prepare infuse tea; at least 150 taxa are cited to be used 

for this purpose. The tea usages in both countries is for the 

pharmacological benefits of beverage and not as recreation, 

although, habit to drink tea in coffee bar in most of the cases is for 

the latter.  Although people in both countries have the same 

language and almost the same culture, they have their specific plant 

species to prepare teas for a specific use. From the 150 taxa 

mentioned by the literature, only 53 taxa are tea plants in both 

countries 75 only in Albania and 22 only in Kosovo. This number 

of species are distributing in 53 different botanical families, where 

Lamiaceae, Asteraceae and Rosaceae are with more 

representatives. At least 13 plants named, in Albanian, according to 

the disease that they treat or to the human body organ that it is use 

for. The flowers, leaves and fruits, as delicate parts of plant, are the 

common plants part to prepare infuse tea, even though, to prepare 

infusion tea people in both countries use all plant organs. 
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Table 1. Plant used for tea making in Albania and Kosovo 

 Botanical taxa 
Botanical 

family 
Albanian folk names English names Parts used Popular use 

Reference 

Albania  Kosovo  

1.  Abies Pinaceae Bredhi  Fir Resin Cough, Anti-fungal, Stomach pain  

Mustafa et al., 2012b; 

Mustafa et al., 2015;  

Pieroni et al., 2017; 

2.  Achillea millefolium L. Asteraceae 
Lule bardhë, Lule gjizë, 

Barëpezmatimi Bishtamithi  
Yarrow Flowering aerial parts 

Diarrhea, Hemorrhoids, Epistaxis, Anti-coagulant, Anti-

cholesterolemic, Anti-microbia, Carminative and Spasmolytic, 

Stomachache, Cough 

AAVV, 2014; 

Kokalari et al., 2007; 

Papajani et al., 2014;  

Pieroni et al., 2014a;  

Mehmeti et al., 2007; 

Millaku 2015;   Mustafa 

et al.,2012b;  

Pieroni et al., 2017;  

3.  Adiantum capillus-veneris L. Pteridaceae Majdanozi i egër 
Black maidenhair 

fern 
Aerial parts Trachea and Bronchial Kokalari et al., 2007;   

4.  Aconitum divergens Ranunculaceae Pelini i egër (i zi) Monkshood  
Areal parts 

Whole plant 

Stomach disorders, Oral cavity antiseptic, Anti haemorrhoidal, 

Anticholesterolemic 
 Mustafa et al., 2012b; 

5.  Aesculus hippocastanum L. Sapindaceae Gështenja e egër  Horse chestnut Fruits 
Anti-haemorrhoidal, Anti-rheumatic, Antitussive, Anti-

hypertensive 
Kokalari et al., 2007;  Mustafa et al., 2012b; 

6.  Agrimonia eupatoria L. Rosaceae Podiqja e egër Church steeples Aerial parts Headache, Diarrhea, Anti-allergic, Anti-inflammatory 
Kokalari et al., 2007; 

Papajani et al., 2014;  
Millaku 2015;  

7.  
Agropyron repens (L.) 

Beauv. 
Poaceae 

Bari i magarit 

Pirrovina 

Couch grass 

 

Aerial parts 

Roots 

Anti-hemorrhoidal, Respiratory system, Disorders, Urinary 

tractdisorders Anti-rheumatic, Anti-anaemic, Stomach and Hepatic 

disorders, Lithontriptic  

 Mustafa et al., 2012b; 

8.  Allium sativum L. Amaryllidaceae Hudhëra, Hudra Garlic Bulb To Disinfect the intestine  Mustafa et al., 2012a; 

9.  Althea officinalis L. Malvaceae Mullanja mjekësore Marshmallow 
Roots, Leaves, 

Flowers 
Anti-tussive, Throat and Mouth, Inflammation, Lung   

Mehmeti et al., 2007;  

Millaku, 2015;  

10.  Arctostaphylos uva-ursi Ericaceae 
Çaj uvin, Rrush arushe, 

Gërdeci 
Bearberry Leaves, Aerial parts Urinary tract infections, Prostatitis Kokalari et al., 2007;  

Mehmeti et al., 2007;  

Pieroni et al., 2017;  

11.  Artemisia absinthium L. Asteraceae Pelin, pelin i bardhë Wormwood Aerial  parts 

Cardiotonic, Fever, Malaria, Anti-anemic, Antimalarial, Anti-

parasitic, Relaxant, Stomachache, Anti-diabetic, cardiotonic and 

Appetite stimulant, Expectorant, Appetizing  

Kokalari et al., 2007;  

Pieroni et al., 2014a;  

Pieroni et al., 2015;  

Mustafa et al., 2012b;  

Pieroni et al., 2017; 

12.  Artemisia vulgaris L.  Asteraceae Pelini i zi Common mugwort Aerial  parts Menstrual disorders, Against intestine parasite,  Kokalari et al., 2007;   

13.  Arum italicum Mill Araceae Shakulliza Italian arum Fruits  Arthritis  Pieroni et al., 2014b;  

14.  Arbutus unedo Ericaceae Mareja  Strawberry tree Leaves  Antiseptic properties, Diarrhea  Kokalari et al., 2007;   

15.  Asplenium trichomanes L. Aspleniaceae Fier guri 
Maidenhair 

spleenwort 
Aerial  parts To treat kidney stones Diuretic; Back pain 

Pieroni et al., 2014b; 

Pieroni et al., 2015;  
 

16.  Bellis perennis L. Asteraceae 
Lule dele, Lule shqerre, 

Lule bako  
Common daisy Flowers Inflammation of the upper respiratory tract. 

Kokalari et al., 2007;  

Papajani et al., 2014;  
Millaku, 2015;  

17.  Betula pendula Roth Betulaceae Mështekna Birch Leaves Diuretic, Edema, Urinary disorders, Lithontriptic 
Kokalari et al., 2007; 

Pieroni et al., 2015;  
Millaku, 2015;  

18.  Bidens tripartita Asteraceae Dydhëmbëshi trepjesësh 
Three-lobe 

beggartick 
Aerial parts Kidney stones, Urinary tract,  Kokalari et al., 2007;   

19.  Borago officinalis L.  Boraginaceae Shaja mjekësore Starflower  Aerial parts Diuretic,  Kokalari et al., 2007;   

20.  Buxus sempervirens L. Buxaceae Bushi, Shemshiri Boxwood Leaves, Bark (cortex) Anxiety,  Reduce high temperature, Disinfectant,   
Kokalari et al., 2007;  

Papajani et al., 2014;  
 

21.  
Capsella bursa-pastoris (L.) 

Medik. 
Brassicaceae 

Më do s‘më don, Shtrapëri, 

Trasta e çobanit 
Shepherd's purs 

Aerial parts 

Whole plant 
Anticoagulant, Fever,  Eczemas Kokalari et al., 2007;  Mustafa et al., 2012b; 

22.  Carlina acaulis L. Asteraceae 

Ushonjëz e pakërcelltë, 

Roshetkë, Cicëlope, 

Bythëpule 

Silver thistle Roots Diuretic, laxative,   Mehmeti et al., 2007;  

23.  Carduus nutans L. Asteraceae Gjemb gomari Musk thistle Inflorescences  Eczemas   Mustafa et al., 2012b; 

24.  Castanea sativa Mill. Fagaceae Gështenja Sweet chestnut 
Flowers; Cortex; 

Leaves  
Anti-anemic, Bronchitis, Anti-tussive Anti-tussive Kokalari et al., 2007;   
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25.  Calendula officinalis Asteraceae Kulmaku  Pot marigold Flowers Promotes the flow of gall, Antiseptic  Kokalari et al., 2007  

26.  Centaurea cyanus L., Asteraceae Kokoçelli Cornflower Flowers Hepatitis, Respiratory disorders 

AAVV 2014;  

Kokalari et al., 2007;  

Papajani et al., 2014;  

 

27.  Centaurium erythraea Rafn Gentianaceae 
Kantarioni i kuq, Bari i 

etheve 
Common centaury Flowering Aerial parts 

Anticoagulant, Anti-pyretic, appetizing, anti-anemic, Fever, 

Stomach-ache, Digestive discomforts 

Pieroni and Resour 

2008; 

Millaku 2015; 

Pieroni et al., 2017;  

28.  Chelidonium majus L. Papaveraceae Latrapeci Tamblagjaku 
Greater; Celandine, 

Tetterwort 
Aerial parts Hepatitis, Cholecystitis, Bronchitis, Lithontriptic, Stomach ulcers 

Kokalari et al., 2007; 

Papajani et al., 2014;  
Mustafa et al., 2012b; 

29.  Cichorium intybus L. Asteraceae Çikorja  Common chicory 
Aerial parts, Stem, 

Root  

Hepatic disorders, Hart disorders, Atherosclerosis, Bronchitis, 

Urinary system infections, Anti-haemorrhoid, Anti-diarrhoeal 
 Mustafa et al., 2012b; 

30.  Convolvulus  sepium Convolvulaceae Bërshëlliza  Hedge bindweed Aerial parts Strong Laxative,  Kokalari et al., 2007  

31.  Cornus mas L. Cornaceae Thana  
Cornelian cherry 

Dogwood 
Fruits  

Diarrhea, Cough, Cardiotonic, Diuretic, Stomachache, Anti-

anemic,, Anti-hypertensive, Anti-malarial, Anti-hemorrhoidal, 

Anti-diabetic, To improve the blood circulation  

Pieroni and Quave 

2014; 

Pieroni et al., 2015;  

Mehmeti et al., 2007;  

32.  Corylus avellana L. Betulaceae Lajthi  Hazel Leaves 
Anti-tussive, Antacid, Hepatic  disorders, Anti-diabetic, Anti-

anaemic 

Joti and Dhroso 

1980;  

Kokalari et al., 2007;  

 

33.  Coriandrum sativum L. Apiaceae Koriandri  Coriander Fruits  Improve stomach and Intestine functions, Kokalari et al., 2007;   

34.  Crataegus  sericea  Rosaceae 
Murriz, 

Murriz e madhe 
Hawthorn 

Leaves and fruits, 

(Flowering tops) 

Headache, Hypertension, Insomnia, Hypertension, Anti-rheumatic, 

Anti-cancer 

Papajani et al., 2014;  

Pieroni et al., 2014b; 

Pieroni et al., 2015;  

Pieroni et al., 2017; 

35.  Crataegus monogyna Jacq. Rosaceae Murriz; Murriz i vogël Hawthorn; Oneseed Flowers, fruits 

Cough, Fatigue, Adjuvant for cardiac arrhythmias, Anti-

hypertensive, Hypertension, Improve blood circulation, Neuro-

relaxant, Anti-cholesterolemic, Neuro-relaxant, Anti-diabetic, 

Heart pulse regulator, Vasoconstrictor, Used to treat fever, Heart 

rhythm regulator, Insomnia 

Kokalari et al., 2007;  

Pieroni et al., 2015;  

Mehmeti et al., 2007;  

Mustafa et al., 2012b;  

Pieroni et al., 2017;  

36.  Cupressus sempervirens L Cupressacea Selvia  
Mediterranean 

cypress  
Cones  Diarrhea,  Kokalari et al., 2007;   

37.  
Cassia angustifolia Vabl;  

Cassia obovata,  
Fabaceae Senameqi, Gjethe sene Alexandrian senna Leaves  Anti-constipate  Kokalari et al., 2007;   

38.  Cydonia oblonga Mill. Rosaceae Ftoi   Quince 
Leaves  

Seeds 

Digestive, Cough, Fever, Anti-diarrheal, Respiratory, 

Inflammations, stomachache, Appetizing 

Pieroni and Resour 

2008;  

Pieroni et al., 2014b; 

Pieroni et al., 2015;  

Mustafa et al., 2012b; 

39.  Cynodon dactylon Pers. Poaceae Grami Bermuda grass Aerial parts Cystitis, Urethritis, Urinary gravel and Nonobstructive stones Papajani et al., 2014;  

40.  Digitalis grandiflora Mill. Plantaginaceae Naprastak 
Large yellow 

foxglove 
Whole plant Hart disorders  Mustafa et al., 2012b; 

41.  Equisetum arvense L. Equisetaceae 
Këputja e arave,  

Bishtkali 
Horsetail Aerial parts 

Diuretic, Prostatitis, Hemorrhoids, epistaxis, Hepatic disorders, 

Kidney infections and Pain, Lithontriptic 
Pieroni et al., 2015; 

Millaku, 2015;  

Mustafa et al., 2012b;  

Pieroni et al., 2017;  

42.  Foeniculum vulgare Mill. Apiaceae Kopër Fennel Fruits Eye disorders, Galactogogue, Spasmolytic Kokalari et al., 2007;   

43.  Fragaria vesca L. Rosaceae Dredhza; Luleshtrydhe  Wild strawberry 
Fruits, Aerial parts  

Leaves 
Digestive, Spasmolytic, Intestine infections, Neuro-relaxant 

Joti and Dhroso 

1980;  

Mehmeti et al., 2007;  

Mustafa et al., 2012b;  

44.  Fraxinus excelsior Oleaceae Frashër  Ash  Bark Drunk for relieving skin burns, Diuretic Pieroni et al., 2014b; Pieroni et al., 2017; 

45.  Fraxinus ornus L. Oleaceae Frashër i bardhë South European ash Leaves  Antirheumatic  Kokalari et al., 2007;   

46.  Fumaria officinalis L. Papaveraceae Lule pëllumbi Drug fumitory Aerial parts To treat metrorrhagia, Diuretic, Relaxant, 
Kokalari et al., 2007;  

Papajani et al., 2014;  
Millaku, 2015;  

47.  Galega officinalis L. Fabaceae Ballbreshke, Kukurjaku Galega Aerial parts To promote the secretion of milk in nursing mother 
Kokalari et al., 2007; 

Papajani et al., 2014;  
 

48.  Galium verum L. Rubiaceae Ngjitësi i vërtetë Yellow bedstraw Aerial parts, Flowers 
Anti-hypertensive, Kidney disorders, Skin regeneration, Urinary 

system infections 
 Mustafa et al., 2012b; 

49.  Genista tinctoria L. Fabaceae Gjineshtra ngjyruese Dyer‘s greenweed Aerial parts Inflammation of urinary tract 
Kokalari et al., 2007;  

Papajani et al., 2014;  
 

50.  Gentiana lutea L. Gentianaceae Bar zemre, Geciana, Sanza    Gentiane Aerial parts Cardiotonic, Digestive disorders, Digestive discomforts Pieroni et al., 2015;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Pieroni et al., 2017;  

51.  Hedera helix L. Araliaceae Urthi Cammon ivy Leaves Nonobstructive gallstones  Millaku, 2015;  

52.  Helianthus annuus L. Asteraceae Luledielli Sunflower  Flowers  Decrease high temperature  Kokalari et al., 2007;   

53.  Helichrysum plicatum; Asteraceae Borsillok i verdhë Dwarf everlas Flowering aerial parts Appetizing, Stomachaches, As a digestive, Anti-diarrheal, Kokalari et al., 2007;   
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Helichrysum arenarium  Cardiotonic, Diuretic, Anti-moths hepatitis Pieroni et al., 2014b;  

54.  
Herniaria glabra and 

Herniaria hirsute L. 

Caryophyllacea

e 
Herniaraa Smooth rupturewort Areal parts Disinfectant, Urinary tract Kokalari et al., 2007;   

55.  Hieracium pilosella Asteraceae Kemashen me qime  Hawkweed  Areal parts Head ache,  Insomnia,  Kokalari et al., 2007  

56.  Humulus lupulus L. Cannabaceae 
Humulusi, Bari sherbetit, 

Sumbullari  
Common hop Aerial parts; Fruits 

Insomnia, Appetizing,  Neurorelaxant Insomnia, Diuretic, Prostate 

disorders, Kidney inflammations, Neuro-relaxant, Menstrual cycle 

regulator 

Kokalari et al., 2007;  Mustafa et al., 2012b; 

57.  Hypericum  perforatum L. Hypericaceae 

Lulebasani, Çaj bjeshke, 

Çajmali, çaj i egër, Çaj i 

verdhë, Çaj moskovë  

St. John‘s Wort 
Flowering  

Aerial  parts 

Stomach  and digestive disorders, Gastritis, Ulcerative colitis, 

Anti-anemic, Anticoagulant, Neurorelaxant,  Antacid, Genital 

infections, Anti-diabetic 

Papajani et al., 2014;  

Pieroni and Quave 

2014;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b; 

Pieroni et al., 2015;  

Pieroni et al., 2017; 

58.  
Hypericum maculatum 

Crantz 
Hypericaceae 

Balsam; Çaj verdhe;  

Çaj kuq; Çaj bjeshke  

Imperforate St. 

John‘s wort 

Aerial parts while 

flowering 
To treat abdominal pains especially in children. 

Pieroni and Resour 

2008;  
 

59.  Ilex aquifolium L. Aquifoliaceae Gjemb ariu;  Holly Leaves  Diuretic, Kidney stones, Stomach-ache (rare), Panacea Pieroni et al., 2015;   

60.  
Iris pallida Lam; Iris 

florentina; Iris germanica 
Iridaceae Shpatorja  Iris  Rhizome  Fitoncid, Calms cough Kokalari et al., 2007;   

61.  Juglans regia L. Juglandaceae Arra CommonWalnut 
Leaves 

Fruits 

Diarrhea, Anti-cholesterolemic, Anti diabetic, Anti-

haemorrhoidal, Anti-tussive 

Kokalari et al., 2007;  

Papajani et al., 2014;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Mustafa et al., 2012b; 

62.  Juniperus communis L. Cupressaceae Dëllinja Juniper 
Cones and Young 

branches; Fruits 

Diuretic, Lithontriptic, Menstrual pains. Tuberculosis, Anti-

rheumatic, Lithontriptic, Anti-asthmatic, Anti-diabetic, Diuretic, 

Stomach-aches, Anti-cold, Bechic 

Kokalari et al., 2007;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Pieroni et al., 2017; 

63.  Juniperus oxycedrus L.  Cupressaceae Dëllinjë Juniper Cones Diuretic, Bechic 
Pieroni et al., 2014b;  

Pieroni et al., 2015;  
 

64.  Linum hirsutum L. Linaceae  Liri Flax  Seeds, Leaves 
Antihaemorrhoidal Urinary systeminflammations, Headache, 

Respiratory, Inflammations 
 Mustafa et al., 2012b; 

65.  Lamium album Lamiaceae Hithëbutë  White nettle Aerial parts Kidney problems  Pieroni et al., 2017; 

66.  Laurus nobilis L. Lauraceae  Dafina  Bay laurel Leaves Cold, Cough, Rhinitis, Edema. 
Kokalari et al., 2007;  

Papajani et al., 2014;  
 

67.  Lavandula officinalis Lamiaceae Lavandula  Lavender Flowers Sedative, Antispasmodics 
AAVV 2014;  

Kokalari et al., 2007;  
 

68.  Leonurus cardiaca L. Lamiaceae 
Bisht luani, Leonuri i 

zemrës 
Motherwort  Aerial parts Cardiotonic, Kokalari et al., 2007;   

69.  Lythrum salicaria L. Lythraceae Bargjaku Purple loosestrife Aerial parts Metrorrhagia. Diarrhea  
Kokalari et al., 2007;  

Papajani et al., 2014;  
 

70.  Malus sylvestris Mill.    Rosaceae Diviakça, mollë e egër 
Crab apple, 

European wild  apple 
Fruits    Areal parts 

Appetite stimulant, Headache,  Anti-hypertensive, Anti-diarrhoeal, 

Anti-tussive, Expectorant 
Pieroni et al., 2015;  Mustafa et al., 2012b; 

71.  Malva sylsvestris L. Malvaceae Mëllaga, Lule gjaku Common mallow 
Flowers, leaves 

Flowering tops 

Diuretic, Anti-tussive, Bronchitis, Antimicrobial, Mucolithic sore 

throat 

Kokalari et al., 2007;  

Pieroni et al., 2014a;  

Mehmeti et al., 2007;  

Pieroni et al., 2017;   

72.  Lycopus europaeus Lamiaceae Likopësi  Gypsywort  Aerial parts Sedative,  Kokalari et al., 2007;   

73.  Marrubium vulgare Lamiaceae Kapinoku  White horehound Aerial parts Nerve relaxant,  Kokalari et al., 2007;   

74.  Matricaria chamomilla L. Asteraceae Kamomili  Chamomile 
Flowers 

Aerial parts 

Stomachache, Sedative (for insomnia), and pediatric Diarrhea, 

Abdominal pains, Oral cavity infections, Anti-hemorrhoidal, Anti-

tussive, Anti-bacterial, Relaxant recreational/ panacea, Stomach-

aches, Antimicrobial, Infections of the digestive tract, Urinary 

tract and Eye infections, Sinusitis Stomach pain 

Kokalari et al., 2007;  

Papajani et al., 2014;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Mustafa et al., 2015;  

Pieroni et al., 2017;  

75.  Matricaria recutita L. Asteraceae Kamomili  Chamomile Areal parts; Flowers 

Stomachache Oral cavity inflammations, Gingivitis, Urinary 

system infections, Oral inflammations Urinary system infections, 

Constipation,  

 Mustafa et al., 2012b; 

76.  Melilotus officinalis L. Fabaceae Grunamadh i Yellow sweet clover Aerial parts Internally in headache; Externally to treat wounds 
Kokalari et al., 2007;  

Papajani et al., 2014;  
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77.  Melissa officinalis L. Lamiaceae 
Çaj blete, Milc  

Bar blete; Çaj nana,  

Lemon balm 

Horse Mint 
Aerial  parts 

Digestive, Cardiotonic, Neurorelaxant, Anti-hypertensive, 

Headache, Intestinal cramps, Bronchitis, Anti-anemic, Respiratory 

disorders, Improve blood circulation, Appetizing, 

recreational/panacea, Cough, Digestive discomforts, Mild 

tranquillizer, Emmenagogue, Neuro-relaxant 

Kokalari et al., 2007;   

Papajani et al., 2014;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Mehmeti et al., 2007;  

Mustafa et al., 2012b;  

Pieroni et al., 2017;  

78.  
Mentha pulegium L. 

Mentha spp 
Lamiaceae Divla menta Mint Aerial parts 

Neurorelaxant, Improve blood circulation, Respiratory system 

infections, Antitussive, recreational/panacea, Sore throat, Cough, 

Fever, stomach-ache, Digestive discomforts 

 Pieroni et al., 2017; 

79.  Mentha longifolia L. Lamiaceae Çaj nana; Nana; Menta Horse mint Aerial parts Neuro-relaxant, Anti-diarrhoeal, Anti-hypertensive Pieroni et al., 2014a;  
Mustafa et al., 2012b; 

Mustafa et al., 2015;  

80.  Mentha piperita  Lamiaceae Mendra e butë Peppermint  Leaves  Sedative, Remove intestine gases, Diarrhea  Kokalari et al., 2007;  Mehmeti et al., 2007;  

81.  Morus alba L.  Moraceae Mani i bardhë White mulberry Leaves Anti-diabetic, Diuretic, Anti-tussive Kokalari et al., 2007;  

82.  Morus nigra L. Moraceae Mani i zi Black mulberry Leaves Anti-diabetic, Diuretic, Anti-tussive Kokalari et al., 2007; Mehmeti et al., 2007;  

83.  
Majorana hortensis 

Moench. 
Lamiaceae Manxhurana  Marjoram Aerial parts Diuretic, Light sedative,  Kokalari et al., 2007  

84.  Nasturtium officinale R. Brassicaceae Purqarku  Watercress  Aerial parts Improve digestive tract,  Kokalari et al., 2007;   

85.  Nepeta cataria Lamiaceae 
Nepetë dliruese, Milc i 

egër, Sarushë e egër 
Catnip Flowering aerial parts Stress, Fears, Digestive discomforts  Pieroni et al., 2017; 

86.  Ocimum basilicum L. Lamiaceae Borzilok  Basil  Aerial parts 
Carminative, Kidney infections,  Tuberculosis, Colds/flu, 

Constipation,  
Kokalari et al., 2007;  Pieroni et al., 2017; 

87.  
Orchis morio L. and other 

Orchis spp. 
Orchidaceae Salep  Wild orchid Tubers  

Cough, Helmintiasis (children); Panacea, To improve fertility in 

men, Stomach disorders, Anti-diarrheoa  
Pieroni et al., 2015;   

88.  
Origanum hirtum Link., 

Ietswaart, 
Lamiaceae Rigoni i bardhë White oregano Aerial parts 

Inflammatory and Spastic conditions of upper respiratory tract, 

Gastrointestinal disorders 
Papajani et al., 2014;   

89.  Origanum vulgare L. Lamiaceae 

Çaj, Lule çaji, Çaj mali, 

Çaj i egër, Çaj bjeshke, Çaj 

rigoni,  Çajvendi, Çaj 

fushe, Rigon, Caj malhit 

Oregano, Red 

oregano, Wild 

oregano 

Flowering  aerial parts 

Digestive, Flu, Panacea, Cough, Flu/fever/headaches, Hanti-

hepatitis, Stomachache, Sore throats and colds (especially in 

children), Respiratory system, Infections, Sedative, 

Recreational/panacea, Anti-tussive, Digestive anti-hepatitis 

AAVV 2014; 

Kokalari et al., 2007;  

Pieroni 2013;  

Pieroni and Quave 

2014;  

Pieroni and Resour 

2008;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b; 

Pieroni et al., 2005;  

Pieroni et al., 2015;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Mustafa et al., 2012b;  

Mustafa et al., 2015;  

Pieroni et al., 2017;  

90.  Paliurus aculeatus Lam. Rhamnaceae Driza Christ‘s thorn Fruits Diarrhea Papajani et al., 2014;   

91.  Papaver rhoeas L. Papaveraceae Lulëkuqja Red poppy Flowers Insomnia, Antitussive Kokalari et al., 2007;  Mehmeti et al., 2007;  

92.  Papaver somniferum Papaveraceae Hashash, mako Opium poppy Fruits  Sedative, insomnia  Our observation  

93.  Parietaria officinalis L.  Urticaceae Parietaria mjeksore  Upright pellitory  Aerial  parts Diuretic,  Kokalari et al., 2007;   

94.  Persica vulgaris Mill. Rosaceae Pjeshka  Peach  Flowers  Abdominal pain, Colitis, Hemorrhages and hemorrhoids  
Joti and Dhroso 

1980;  
 

95.  
Petroselinum crispus Mill. 

Fuss 
Apiaceae Majdanoz Parsley Aerial  parts 

Diuretic, Prostatitis, Anti-cholesterolemic, Anti-diabetic, 

Galactogogue, Anticoagulant 
Pieroni et al., 2015;   

96.  Phyllitis scolopendrium L Aspleniaceae Bar mushknisë Hart‘s tongue fern Leaves  Treat respiratory and Lung affliction 
Pieroni and Quave 

2014;  
 

97.  Pinus sylvestris L. Pinaceae Pisha  Pine  Buds Diuretic, Calms cough,  Kokalari et al., 2007;   

98.  Pimpinella anisum L. Apiaceae Bar i gjirit  Aniseed Aerial parts, fruits  Spasmolytic, Carminative, Anti-ageing, Galactogogue Kokalari et al., 2007;   

99.  Plantago major L. Plantaginaceae Gjethe delli Common plantain 
Leaves, Flowers, 

Stems, nflorescence 

Urogenital infections, Wound healing, Digestive and urinary 

disorders, Diuretic, Abdominal pains, Haemostatic, Antibacterial, 

Back pains 

Pieroni and Resour 

2008;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b;  

Mustafa et al., 2012b; 

100.  Plantago lanceolata L. Plantaginaceae 
Gjethedalli heshtor, 

Gjuhëdhelpne 
Ribwort plantain Leaves  Hemorrhages, Lung   Mehmeti et al., 2007;  

101.  Polygonum avicularae L. Polygonaceae Bar pate, Bar thek Common knotgrass Aerial parts 
Inflammation of urinary tracts, Urinary calculi, Eczema. Anti-

coagulant 

Kokalari et al., 2007;  

Papajani et al., 2014;  
 

102.  Polygonum bistorta L.  Polygonaceae Nejça e përdredhur Common bistort Rhizome  Diarrhea,  Kokalari et al., 2007;   

103.  Polygonum hydropiper L. Polygonaceae Nejça si piper uji Water-pepper Aerial parts Hemostatic, Coug Kokalari et al., 2007;   
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104.  Polypodium vulgare L. Polypodiaceae Polipoda  Common polypody Rhizome Laxative, Gall, Kokalari et al., 2007;   

105.  Primula veris L. Primulaceae 
Aguliçe, Lulja e Goliqit, 

Poleska 
Primrose, Cowslip 

Flowers, 

Aerial parts 

Headache,  Cough, Stomach ache and Flu, Respiratory system, 

Disorders, Improve, Blood circulation, Bronchitis, Antitussive, 

Panacea 

AAVV, 2014;  

Kokalari et al., 2007; 

Papajani et al., 2014;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Millaku, 2015;  

Pieroni et al., 2017;  

106.  Prunus avium L. Rosaceae Qershia  Cherry Leaf peduncles 
Kidney stones, Anti- diabetic Anti-hypertensive, Respiratory 

inflammations 
 Mustafa et al., 2012b; 

107.  Prunus cerasus L. Rosaceae Vishnja Sour cherry Fruits Antihypertensive Pieroni et al., 2014a;   

108.  Prunus spinosa L. Rosaceae Kullumbri  Blackthorn  
Fruits; Flowers; 

Leaves 

Stomach-ache, Anti-diabetic, Hepatic disorders, Antihypertensive 

Angina pectoris healthy Constipation, Improve digestion, 

Appetizing, Anti-rheumatic and Anti-fever 

Kokalari et al., 2007;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Mehmeti et al., 2007;  

Millaku, 2015;  

109.  Pulmonaria officinalis L. Boraginaceae Bar ı mushkerıve Lungwort Aerial parts Anti-tussive, Bronchitis Kokalari et al., 2007;  Millaku, 2015;  

110.  Pyrus pyraster L. Burgsd. Rosaceae Gorrica, Dardha e egër Wild pear Fruits  Diarrhoea, Diuretic, Constipation 
Pieroni et al., 2014a;  

Pieroni et al., 2015;  
 

111.  Pyrus communis L.  Rosaceae Dardha  European Pear  Leaves  Diuretic, Antiseptics, Urinary tract Disorders,  
Joti and Dhroso 

1980;  
 

112.  Rhamnus frangula L. Rhamnaceae Drunakuqi  Alder buckthorn Cortex,  Promotes secretion of gallbladder,  Kokalari et al., 2007;   

113.  Rosa canina L. Rosaceae Trëndafil i egër Dog rose Pseudofruits 

Improve immunity, Prevent various illnesses, Diarrhea,  fever, 

haemorrhoids, Fatigue, Stomach-ache, Cough, Fatigue, Diuretic, 

Anti-anaemic, Hepatic Disorders, Influenza, Digestive tract 

disorders, Lithontriptic, Antitussive, To treat ―seven diseases‖, 

Blood depurative, Diuretic, Cardiotonic, Anti-fever 

Pieroni and Quave 

2014;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

Quave and Pieroni 

2014;  

Mustafa et al., 2012a;  

Mustafa et al., 2012b;  

Mustafa et al., 2015;  

Pieroni et al., 2017;  

114.  Rosmarinus officinalis L.  Lamiaceae Rozmarina  Rosemary  Leaves  Hypertension,  Kokalari et al., 2007  

115.  Rubus caesius L. Rosaceae Manaferra e kaltër Dewberry Roots  Treat lung cancer, Stomachaches, anti-diarrheal, esp. in children Pieroni et al., 2014b;  

116.  Rubus fruticosus L. Rosaceae Kupina, Mana  Blackberry 
Aerial parts; Fruits; 

Roots  

Anti-anemic,  Improve blood circulation, Anti-hypertensive,  Anti-

diabetic, Antimycotic Anti-anemic, Anti-diarrheal, Kidney 

infections, Hypertensive, Anti-parasitic, Antitussive, Appendicitis 

Jotiand and Dhroso 

1980;  

Mehmeti et al., 2007;  

Pieroni et al., 2017;  

117.  Rubus idaeus L. Rosaceae Mjedra, Malina Raspberry Leaves; Roots; Fruits 

Improve blood, Circulation, Anti-hypertensive, Anti-diarrheal, 

Anti-tussive, Anti-pyretic, Panacea Anti-hypertensive, Dysentery, 

Tonsillitis, Digestive disorders 

 
Mehmeti et al., 2007;  

Pieroni et al., 2017;  

118.  Rubus ulmifolius Schott Rosaceae Manaferra  Blackberry Leaves  
Stomachache, Diarrhea, Cough, Used as gargle in inflammation of 

the throat, Pharyngitis. Sore throats, cough 
Pieroni et al., 2015;   

119.  Salvia officinalis L. Lamiaceae Sherbela Wild sage Leaves 

Sore throats, Flu, Tonsillitis and cough; Good for the health; To 

strengthen the stomach; Digestive, Tonsillitis and other infection 

of respiratory system, Anti-diabetic, Antiperspirant 

AAVV, 2014;  

Kokalari et al., 2007;  
Mehmeti et al., 2007;  

120.  Sambucus nigra L. Adoxaceae Shtog  Elderberry Flowers, fruits 

Bronchitis, Anti-asthmatic, Influenza, and Stomach disorders, 

Urinary tract Disorders, Antitussive common cold and feverish, 

States. Respiratory inflammations (bronchitis) Improving blood 

circulation, Sore throats To treat diarrhea (fructus). 

Kokalari et al., 2007 

Pieroni et al., 2014a;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Pieroni et al., 2017;  

121.  Satureja montana L. Lamiaceae Çaj i egër, Trumza Savory Flowering  aerial parts 

Headache Minor inflammatory and spastic condition of the 

gastrointestinal tracts, Anti-diabetic, Anti-parasitic,   Respiratory 

tract infections, Anti-tussive, Expectorant 

Kokalari et al., 2007; 

Papajani et al., 2014;  

Pieroni and Resour 

2008;  

Mehmeti et al., 2007;  

122.  Sempervivum tectorum Crassulaceae 
Bar veshi, Burgull 

pullazësh 
Houseleek Inflorescences Cough  Pieroni et al., 2017 

123.  Solidago virgaurea L. Asteraceae Solidagia shufër artë Woundwort  Aerial parts Chronic kidney, Diuretic,  Kokalari et al., 2007;   

124.  Sedum acre L. Crassulaceae Rrushqyqja  Goldmoss stonecrop Aerial parts Hypertensive, High blood pressure  Kokalari et al., 2007;   

125.  
Sideritis raeseri Boss. et 

Heldr. 
Lamiaceae Çaj, Çaj mali Mountain tea flowering aerial parts 

Cough, Flu, Digestive troubles, Panacea, At higher doses 

considered tranquillising, Anti-human immune-deficiency, Virus 

replication, Anti-ulcerogenic, Stomachic, Carminative, Analgesic 

and as a tonic 

Aneva et al., 2014;  

Bojadzi et al., 2012;  

Ibraliu et al., 2014;  

Kokalari et al., 2007;  

Pieroni et al., 2014b;  

Pieroni et al., 2015;  

 

126.  Sideritis scardica Lamiaceae Çaj mali Mountain tea Flowering aerial parts Recreational, Panacea, Cardiotonic, Stomach-ache  Pieroni et al., 2017; 

127.  Silybum marianum Asteraceae Gjembgomari Milk thistle Seeds  Gallbladder, Liver,  Kokalari et al., 2007  

128.  
Sisymbrium officinale L. 

Scop. 
Brassicaceae Ilsepika  Hedge mustard Aerial parts Used for treating rheumatism 

Pieroni and Resour 

2008;  
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129.  

Stachys tymphaes Hausskn 

Stachys reinertii Heldr. ex 

Murb. 

Lamiaceae 
Çaj bjeshke, Çaj bjeshke, 

Çaj i egër, Çaj fushe 

Glandulous 

Woundwort 
Flowering aerial parts Cold and Flu, Panacea 

Pieroni and Priviera 

2014;  

Pieroni and Quave 

2014;  

Pieroni et al., 2014a;  

 

130.  Tanacetum vulgare L. Asteraceae Pelin i verdhë Tansy Aerial parts, Seeds Stomachache, Digestive tract Disorders, Anti-parasitic 
Kokalari et al., 2007;  

Pieroni et al., 2014a;  
 

131.  
Taraxacum officinale Weber 

s.l. 
Asteraceae 

Qumështorja, 

Lule qeni 
Dandelion  Leaves; Flower 

Antihypertensive, Diuretic, Improve blood circulation, Digestive 

tract disorders, Urinary tract disorders, Anti-anemic. Stomach 

pain, Urinary system inflammations, Menstrual pain, Respiratory 

inflammation 

Pieroni et al., 2014a;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Pieroni et al., 2017;  

132.  Teucrium chamaedrys L. Lamiaceae 
Çaj i egër, Çaj mali, Lule 

mali, Arrsi  
Germander Aerial parts 

Stomachache, Fevers, Appetizing, Anti- diarrheal, Anti-

hemorrhoidal, Respiratory inflammation 

Kokalari et al., 2007;  

Pieroni and Resour 

2008;  

 

133.  
Thymus pulegioides L. 

Satureja montana L.  
Lamiaceae Çaj i egër Wild thyme Flowering aerial parts Headache Pieroni et al., 2015;   

134.  Thymus serpyllium L. Lamiaceae 
Çaj e egër; Lisë, 

Zhumbrica 

Wild thyme, 

Breckland thyme 
Aerial parts 

Respiratory inflammations, Bronchitis, Anti-asthmatic, 

Gastrointestinal disorders, Improve blood circulation, 

Immunostimulant, Neurorelaxant, Carminative, Spasmolytic, 

Sedative, Influenza 

Papajani et al., 2014;  

Pieroni and Resour 

2008;  

Pieroni et al., 2005;  

Mehmeti et al., 2007;  

Mustafa et al., 2015;  

Pieroni et al., 2017;  

135.  Thymus vulgaris L Lamiaceae Zhumbrica  Garden thyme Aerial parts Anti-tussive, Anti-cholesterolemic Kokalari et al., 2007;  
Millaku, 2015; 

Mustafa et al., 2015;  

136.  Thymus longicaulis C.  Lamiaceae Zhumbrica Thyme Aerial  parts Panacea Pieroni et al., 2014b;  

137.  Tilia cordata Mill. Malvaceae 
Çaj  bliri, Bliri megjethe 

te¨ vogla 

Lime tree,  Small-

leaved lime  
Flowers  

Coughs and Flu, Headache, Fever, Colds and Sore throats, 

Hypertension, Panacea, Anti-bronchitis, Insomnia 

Kokalari et al., 2007;  

Pieroni and Quave 

2014;  

Pieroni and Resour 

2008;  

Pieroni et al., 2015;  

Millaku, 2015; 

Mehmeti et al., 2007;  

138.  Tilia platyphyllos Scop. Malvaceae Blini, lipa Çaj  blini Large leaf linden Flowers 

Respiratory system inflammations, Anti-anemic,  Stomach 

infections, Headache, Anti-tussive, Expectorant, Lung disorders, 

Recreational, Flu 

Kokalari et al., 2007;  

Pieroni et al., 2014b;  

Mustafa et al., 2012a;  

Mustafa et al., 2015;  

Pieroni et al., 2017; 

139.  Trifolium pratense L. Fabaceae Tërfili i livadheve Red clover Flowers Oral cavity antiseptic, Anti-rheumatic, Appetizing Kokalari et al., 2007;   

140.  Trigonella corniculata L. Fabaceae Trëndelina 
Corniculate 

Fenugreek  
Flowers High cholesterol and Triglycerides, Papajani et al., 2014;   

141.  Tussilago farfara L. Asteraceae 
Thundërmushka,  Bar 

mushke  
Coltsfoot Leaves, Flowers Cough, Expectorant, Anti-tussive 

Pieroni and Quave 

2014;  

Mehmeti et al., 2007;  

Millaku, 2015;  

Pieroni et al., 2017;  

142.  
Ulmus minor Mill. and other 

Ulmus spp. 
Ulmaceae Vidh Field elm  Anti-hepatitis Pieroni et al., 2014b;   

143.  Urtica dioica L. Urticaceae Hithra Nettle 
Aerial parts 

Leaves 

Hemorrhoids, Cystitis and urinary gravel, Anti-anemic,  Influenza, 

Anti-cancer, Eczemas, Bronchitis, Headache, Anti-rheumatic, 

Anti-bacterial, Alopecia, Digestive disorders Urinary disorders 

Pieroni et al., 2014b;  

Pieroni et al., 2015;  
Pieroni et al., 2017 

144.  Vaccinium myrtillus L.  Ericaceae Boronica Bilberry Fruits 

Anemia and heart problems, Intestinal troubles, Anti-diarrheic; To 

strengthen the stomach and the eyes (especially in children); 

Blood cleansing, Respiratory inflammations, Lithontriptic 

AAVV, 2014;  

Kokalari et al., 2007;  

Pieroni and Quave 

2014;  

Pieroni and Resour 

2008;  

Pieroni et al., 2014a;  

Pieroni et al., 2014b;  

Millaku, 2015; 

Mehmeti et al., 2007;  

145.  Valeriana officinalis L. Caprifoliaceae Heraqina mjekësore Valerian Roots, rhizome  

Nervous system, epilepsy, irritable, stomach, heart rate, increased 

appetite, cleaning blood in shooting stones from idhëza 

inovercoming menopause, climax, etc. 

Kokalari et al., 2007;  
Millaku 2015; Mehmeti 

et al., 2007;  

146.  
Verbascum ssp., longifolium 

Ten. Verbascum thapsus L. 

Scrophulariace

ae 
Netulla, bar peshku Mullein  Flowers, aerial parts 

To treat irritation dry cough, Anti-tussive, Bronchitis, Digestive 

tract disorders, Anti-haemorrhoid, respiratory and Cardiac 

diseases 

Kokalari et al., 2007;  

Papajani et al., 2014;  

Pieroni et al., 2014b;  

Millaku 2015;  

Pieroni et al., 2017;  

147.  Verbena officinalis L. Verbenaceae Bar i shpretkës Vervain  Aerial parts To treat nonobstructive gallstones 
Kokalari et al., 2007;  

Papajani et al., 2014;  
Millaku, 2015;  

148.  Viola odorata L. Violaceae Manushaqe Sweet violet Flowers Antitussive  Mehmeti et al., 2007;  
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Millaku, 2015;  

149.  Viola tricolor L. Violaceae Manushaqe e egër Heartsease Aerial parts Cough, Diuretic,  Kokalari et al., 2007;   

150.  Zea mays L. Poaceae Misër  Maize  Female flower 
Urinary tract inflammations, Edema, Stomach disorders, Anti-

parasitic, Anti-parasitic 
Pieroni et al., 2014a;   
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Table 2. Number of taxa for each family found in the study 

 
Botanical family Taxa Alb. Kos.  

 

Botanical family Taxa Alb. Kos. 

Lamiaceae 25 21 13 Aquifoliaceae 1 1  

Asteraceae 20 16 10 Araceae 1 1  

Rosaceae 17 15 11 Araliaceae 1  1 

Fabaceae 6 6  Buxaceae 1 1  

Apiaceae 4 4  Cannabaceae 1 1 1 

Malvaceae 4 3 4 Caprifoliaceae 1 1 1 

Papaveraceae 4 4 3 Caryophyllaceae 1 1  

Brassicaceae 3 3 1 Convolvulaceae 1 1  

Cupressaceae 3 3 1 Cornaceae 1 1 1 

Ericaceae 3 3 2 Equisetaceae 1 1 1 

Plantaginaceae 3 1 3 Fagaceae 1 1  

Poaceae 3 2 1 Iridaceae 1 1  

Polygonaceae 3 3  Juglandaceae 1 1 1 

Aspleniaceae 2 2  Lauraceae  1 1  

Betulaceae 2 2 1 Linaceae  1  1 

Boraginaceae 2 2 1 Lythraceae 1 1  

Crassulaceae 2 1 1 Orchidaceae 1 1  

Gentianaceae 2 2 2 Polypodiaceae 1 1  

Hypericaceae 2 2 1 Primulaceae 1 1 1 

Moraceae 2 2 1 Pteridaceae 1 1  

Oleaceae 2 2 1 Ranunculaceae 1  1 

Pinaceae 2 1 1 Rubiaceae 1  1 

Rhamnaceae 2 2  Sapindaceae 1 1 1 

Urticaceae 2 2 1 Scrophulariaceae 1 1 1 

Violaceae 2 1 1 Ulmaceae 1 1  

Adoxaceae 1 1 1 Verbenaceae 1 1 1 

Amaryllidaceae 1  1  

 

 

Table 3. Plant organ found to be used in infuse teas  

 
Plant part  Taxa Albania Kosovo 

Aerial parts 68 55 34 

Flowering 40 34 26 

Leaves 33 28 20 

Fruits 24 23 16 

Seeds 4 3 2 

Bark/cortex 3 3 1 

Whole plant 3 1 3 

Cones 3 3 1 

Stems 2 1 2 

Buds 1 1  

Root 8 3 7 

Rhizome 4 4 1 

Bulb 1  1 

Tuber 1 1  

Resin 1  1 

 

 

Table 4. Number of species found to treat a specific health 

disorder  

 
Disorders  Taxa  Alb. Kos. 

Respiratory disorders 31 26 25 

Kidney and urinary disorders 27 20 18 

Diarrhea 27 24 15 

Cardiac/blood diseases 27 22 23 

Diuretic 27 26 13 

Anti-diabetic 15 14 12 

Panacea 13 10 8 

Headache 13 12 11 

Flu and cold  13 12 11 

Neurorelaxant 8 7 8 

Recreation  6 4 6 

Gall disorders 6 5 2 

Anti-hepatitis 5 5 2 

Anti-cancer 3 3 2 

Etc.,    
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Abstract. If a fuel mixture consisting of a liquefied gas fuel is prepared in the water transport diesel engines, i.e. the gas-diesel process 

occurs, where methanol is used as an explosive fuel, resulting in the reduction of the self-ignition delay period and fuel combustion duration, 

the limits of the working mixture combustion are expanded (hybrid combustion), and the mixture formation process is improved, resulting in 

an increase in the combustion speed, i.e., the complete combustion of the fuel mixture occurs during the active combustion period, and the 

cycle in the engine is closer to the Otto cycle, which improves the environmental and efficient indicators of diesel engine compared to the 

gas-diesel engine, where the diesel fuel is used as an explosive fuel.         

Key words:  gaseous fuel; liquefied gas; diesel engine; methanol; explosive fuel, dosing. 

      

1. Introduction 
 
   One hundred years ago, transportation switched from a coal fuel 

to the petroleum pitch. Another hundred years later, the transition to 

a new fuel source is increasing, but this time - to gas. 

          According to stricter international and environmental 

standards, LNG (liquefied natural gas) is considered to a fuel of the 

future. According to experts, in the near future it is expected that 

LNG will be the main fuel in llarge-scale transportation. According 

to DNV, LNG may be the best option for many ships. The high 

prices of diesel fuel have led to the development of new 

technologies for the cost-efficient and environmentally friendly 

fuels such as liquefied natural gas. LPG is a potential winner in 

terms of environmental friendliness, safety, reliability and 

efficiency. Compared to oil, liquefied natural gas has become an 

important fuel with a significant impact on a global energy. Thanks 

to its powerful properties, liquefied natural gas is considered the 

only alternative fuel with a future. Studies have shown that use of 

liquefied natural gas (LNG) as a fuel has significantly reduced 

emissions of toxic sulfur or SOx, as well as  the emissions of carbon 

dioxide (CO2) and nitrogen oxides or NOx. The LNG-powered 

engines can emit almost zero sulfur oxide, which is relevant when 

the 2015 ECA or ECA regulations come into force. Due to the low 

carbon content in LNG, harmful carbon dioxide emissions are 

reduced by almost 25 percent. As is known, the piston internal 

combustion engines in the modern period are the most economical 

of all other heat engines, which leads to their wide use in all fields. 

An important disadvantage of the piston internal combustion 

engines is that most of them run on liquid fuels of petroleum origin. 

Prospects for their further development and use directly depend on 

the complex changes in gaseous fuels (the use of alternative fuels). 
 

2.Preconditions and means for resolving the problem 

 

 When ships run on engine powered by non-traditional 

diesel fuel, a number of difficulties arise related to fuel supply to 

cylinders, improving the mixture formation process, ensuring the 

ignition process in the combustion chamber, and the peculiarities of 

the combustion processes in accordance with the required 

characteristics. It should also be taken into account the ratio 

governing of the load carried out in the diesel engine, where the air 

excess ratio α depending on the load varies over a wide range α = 5 

and over, at low engine power and in idling conditions, and α=1.35–

1.25 at full engine load. The range of admissible change of α 

depends significantly on the properties of the fuel used. Therefore, 

converting a diesel engine to run on a gaseous fuel provides a 

reduction in toxicity and smokiness in exhaust gases, as well as 

lowers fuel costs. It should be noted that the transport diesel engines 

run, typically, on compressed natural, as well as liquid natural fuel. 

When using liquefied gas, fuel costs increase significantly 

compared to compressed natural gas. Instead, when using the latter, 

it is possible to fully compensate for the loss of power. So, great 

importance is attached to the use of liquefied natural gas in the 

internal combustion engines of water transport. Hydrogen, also 

belonging to the series of liquid fuels, is the most environmentally 

friendly fuel in nature with an unlimited supply. It is present in 90% 

of the components existing in the environment and in more than a 

third of the components on the earth's surface. One of the 

disadvantages of using hydrogen as a fuel for an internal 

combustion engine is the high energy required for its compression 

and the very low specific energy intensity. There are also problems 

with its storage, especially in the cryogenic tanks, but the main 

problem is the high cost of its extraction. It is more promising to use 

hydrogen in a vehicle as fuel cells, especially using proton 

exchange membranes. The first cars with fuel cells have already 

been demonstrated by the companies such as: Toyota, Honda, 

Volkswagen, BMW, Nissan, Hyundai, but the establishment of their 

industrial production takes time. 

     The automotive diesel engines are converted by a gas diesel 

cycle, as well as with spark ignition working on a natural fuel. It is 

technically easy to work with the converted gas-diesel cycle, in 

addition, it retains the possibility to run on a standard diesel fuel, 

that is, only on a diesel fuel. In the gas-diesel cycle engines, the 

ratio governing of load is also used. which ensures that the 

formation of a highly enriched mixture is avoided, which is 

associated with a significant increase of CnHm in the exhaust, and 

therefore the formation of a rich mixture leads to the reduction of 

fuel efficiency [1].  

      One of the most promising operation processes of the 

transport diesel engine is a gas-diesel cycle operation. The gas-

diesel process has potential advantages over the forced-ignition 

process. It is known that the highest efficiency of the diesel engine 

is ηe=0,42-0,44.. In the implementation of the gas-diesel cycle, both 

external and internal mixings are used. Due to simple design, the 

external mixing has gained widespread use in transport engines. In 

this case, the mixer is made in the form of a nozzle installed in the 

air path. Liquefied gas is supplied to the mixer at a pressure close to 

atmospheric, in order to exclude gas leakage into the environment 

and prevent air from entering the gas tube. The good properties of 

liquefied natural gas fuel for mixing result in the possibility of wide 

application of internal mixing. Especially the main difficulty is the 

high self-ignition temperature of natural gas (650-700 0C), which 

significantly exceeds the self-ignition temperature of a liquid diesel 

fuel (320-380 0C). In terms of the closest approach to this process, 

we can consider injection of liquid gas fuel individually into the 

cylinder at the beginning of filling in front of the inlet valve 

(external mixing), and at the end of the compression process, 

igniting it with a small dose of diesel fuel or methanol, the amount 
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of which does not exceed 15-20%, which enables us to use the 

serial diesel engine without changing the compression ratio [2]. 

 When using the gas-diesel cycle, the engine performance is 

improved by 10-15% compared to standard diesel engine. In order 

to maintain the power indicator, during the implementation of the 

gas-diesel process, it is necessary to provide governing ratio of the 

working mixture in such a way that, accordingly, at any load mode 

of the engine, such a value of α is selected that ensures power 

compensation. This would be achieved based on the conditions that 

we assume that the heat released by combustion at each load mode 

of a standard engine would be equal to the amount of heat released 

by combustion of a gas-diesel cycle engine at the same modes. 

Therefore, the following equality will hold: Qdi=Qgi   or  Hdi=Hgi 

For a standard diesel engine (𝛼 >1), the heat of the working mixture 

combustion is  

                    

  𝑯𝒅𝒊 =
𝑯𝒖𝒅

𝟏+𝒂𝒅𝒊𝒍𝒅𝒐
 

while for a gasi-diesel engine  (𝛼 >1) 

𝑯𝒈𝒊 =
𝑯𝒖𝒈

𝟏+ 𝒂𝒈𝒊𝒍𝒈𝒐
+

𝑯𝒖𝒅

𝟏 + 𝒂𝒅𝒊
𝟐 𝒍𝒅𝒐

 

where 

- Hdi and Hgi are the amounts of heat released by the 

complete combustion of the working mixture of a 

standard diesel and gas-diesel engines loads, respectively.  

- Hud and Hug are the lowest heating capacity of diesel and 

gas fuels, respectively. 

- α di  and α gi - values of the air excess ratio according to 

diesel and gas diesel engines loads. 

- ldo and  lgo, respectively, the amounts of air theoretically 

required for the complete combustion for diesel and 

gaseous fuel. 

- agi and a’di - values of the air excess ratio caused by the 

amount of gaseous and explosive fuels in a gas diesel 

engine. 

The influence of the explosive fuel dosage and injection timing 

angle on a gas-diesel engine performance is also important. .  

 

3. Conclusion 

 

In order to assess the influence of the explosive fuel dosage, 

we introduce the notion of dynamic factor, which shows how much 

explosive fuel is required in the working mixture for each mode, 

and it is expressed as follows 

 

𝑲 = 𝑮𝒅𝒊/𝑮𝒈𝒊 

         

 where Gdi – the amount of explosive fuel, Ggi – the amount of 

gaseous fuel.  

    The analysis of the main indicators of the above alternative fuels 

and the characteristics of the operation of water transport engines 

shows what a decisive factor is the use of liquefied gases, which 

determines the prospects for the use of fuel in the piston internal 

combustion engines for marine purposes, instead of liquid 

petroleumderived fuels. 
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Abstract:   In diesel engines, the fuel mixture consisting of liquefied gas and hydrogen is prepared, and a process corresponding to the gas-

diesel cycle is implemented, where methanol or diesel fuel are used as an explosive fuel, as a result of which the self-ignition delay period is 

reduced, and the fuel combustion duration during active combustion is reduced as well. That is, the limits of the working mixture combustion 

are expanded (hybrid combustion), the mixture formation process is improved, and the cycle carried out in the engine is closer to the Otto 

cycle, which improves the environmental and efficient indicators of diesel engine compared to the gas-diesel engine, where diesel fuel is used 

as an explosive fuel, which makes it possible for diesel engine to run: only on liquefied gas; only on hydrogen, only on a diesel fuel or on a 

combination of different fuel mixtures. 

KEY WORDS: HYDROGEN FUEL; DIESEL ENGINE; METHANOL; EXPLOSIVE FUEL; HYBRID COMBUSTION.   

 

  1. Introduction 
      Climate change caused by global warming poses a grave threat 

to humanity. Delays in reducing emissions of “greenhouse gases” 

causing global warming will significantly increase the risks of the 

worst impacts of climate change. According to thorough research by 

the world's leading experts, 15% of the main “greenhouse gas” of 

anthropogenic origin in the Earth's atmosphere - carbon dioxide - is 

released from the transport sector, and the road transport (cars, 

buses, motorcycles, etc.) is responsible for the largest share of these 

emissions.   

       Against the backdrop of “decarbonization” of other sectors of 

the economy, i.e. the reduction of “greenhouse gas” emissions, the 

share of emissions from vehicles may increase further if appropriate 

measures are not taken to reduce them. On October 1, 2021, the 

world leaders' summit (the 26th conference) held in the city of 

Glasgow, Great Britain, was focused on this issue, where the 

problems of a warming environment were discussed. Particular 

attention was given to the issues of reduction of greenhouse gases 

and released thermal energy in the environment. All participants 

noted that by 2030, the parameters mentioned above should be at 

least halved. From this point of view, partial gradual replacement of 

internal combustion engine vehicles with hybrid and electric drive 

vehicles will significantly contribute to the reduction of 

“greenhouse gas” and heat energy emissions from the road transport 

sub-sector. The creation and use of electric cars - i.e. 

"decarbonization" of road transport is the first priority for the 

governments of many countries. Today, tens of billions of US 

dollars are allocated worldwide for the development of vehicles 

running on alternative fuels and advanced technologies. According 

to the forecast of the Japanese company Nissan, by 2025, every 

tenth car in the world will be powered by an electric engine, and the 

electric and other “green cars” will make up one third of global auto 

sales. There is practically no air pollution in the city with an electric 

car, because the exhaust does not contain harmful pollutants such as 

soot, volatile organic compounds, hydrocarbons, carbon monoxide, 

ozone, lead and nitrogen oxides. In this case, the utility (clean air) is 

conditional, because the energy consumed by the electric car or 

electric motor (in the case of a hybrid drive) can be produced using 

non-renewable energy resources (fossil fuels) elsewhere, and the 

carbon dioxide emissions also depend on how the electric car or 

electric motor consumes electricity.    

          The use of electric motors is particularly effective in the case 

when its power supply is generated from "clean" renewable energy, 

or when environmentally "clean" organic fuels are used for its 

generation, where various combinations provide the so-called 

"hybrid combustion" process while maintaining the effective 

parameters of the engine, which will significantly reduce the 

quantities of “greenhouse gases” in exhaust gases. 

          Three main conceptual approaches are distinguished when 

predicting the prospects for the development of modern transport 

engine building sector: 

 1. Introduction of alternative energy sources (Stirling engines, 

steam engines, air turbine engines, Wankel engines, electric 

engines, engines on solar batteries, etc.); 

2. Use of alternative fuels (natural gas and other gaseous carbon 

fuels, fuel shales, synthetic fuels, coal dust and suspensions, 

alcohols, ethers, hydrogen, biofuels, etc.); 

3. Improvement of the existing piston internal combustion engines, 

especially improving their operation process. 

         The advantages and disadvantages of the above directions are 

analyzed in the papers [1,2]. Here we only note that the last two 

conceptual approaches directly depend on the improvement and 

development of the piston internal combustion engines. It is clear 

that it’s time to answer the question: does the piston internal 

combustion engine have an alternative and will it maintain its 

monopoly position in transport energy use? To answer this question, 

we must start from the fact that the piston engine is a widespread 

source of energy that has practically covered almost all areas of 

human activity and, as already mentioned above, it is directly 

related to two global problems of civilization - energy and 

environmental problems. Therefore, in order to answer the question, 

in addition to the above-mentioned problems, the acceptable social 

aspect is also taken into account [1,3]. 
 

2.Preconditions and means for resolving the problem 

      The steady increase in the number of piston engines, as well as 

their specific power and rotation frequency, makes them the main 

consumers of natural fuels. It is clear that, from this point of view, 

the creation and introduction of highly efficient engines is not a 

radical solution to the global energy problem. On the other hand, 

the piston engines, as the main consumers of natural fuel resources, 

are themselves the main violators of the natural ecological balance 

of the earth. The piston internal combustion engines emit harmful 

substances into the atmosphere such as: nitrogen oxides [NOx], 

solid particles (the main component of which is soot), carbon 

monoxide [СО] and hydrocarbon compounds [СmНn]. The so-

called “engine with zero harmful emissions” running on traditional 

fuels remains a source of carbon dioxide [СО2], which is limited by 

the so-called “greenhouse effect” law. Therefore, the creation and 

implementation of such an engine cannot completely solve the 

environmental problems. These problems become even more 

complicated when the ways of solving energy and environmental 

problems are not only different from each other, but also often 

contradict each other. A clear example of the conflict of goals in the 

realization of these tasks is the expansion of the temperature limits 

of the cycle, which, according to the Carnot cycle, is followed by an 

increase in the efficiency and a decrease in fuel consumption. In 

fact, this is achieved by means of the upper limit of the cycle, that 

is, by increasing the maximum temperature of the cycle, because it 

is practically impossible to significantly change the lower limit of 

the cycle (charge temperature during injection). An increase in the 

maximum temperature of the cycle, in turn, contributes to the 

formation of nitrogen oxides, as a result of which their quantities in 
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the exhaust gases increases. This means that there is a conflict 

between fuel economy and environmental friendliness, in other 

words, between efficiency and quality [1,4]. 

        There are two main ways to simultaneously solve the 

environmental and energy problems of the piston engine-powered 

vehicle engines: 

1. It is possible to reduce fuel consumption and toxic emissions by 

limiting the number of moving vehicles, that is, by reducing the 

number of engines in operation or by using low power engines; 

2. Replacement of piston engines by alternative power equipment 

that does not use polluting petroleum products (fuels). 

        Let us analyze the capacities of these directions: the first way - 

reducing the number of vehicle movements and using small-

capacity engines is directly related to the social aspect. The second 

way involves replacing the piston engines by an alternative source 

of energy that does not use polluting petroleum products. Today, a 

real alternative to piston engines of various energy sources is the 

electric motor, which is installed in the battery- electric cars.  

          Also, the hybrid motors, which are equipped with electric and 

piston engines, require a powerful battery. In such cars, during 

acceleration, the electric motor transmits energy to the shaft of the 

piston engine, and during braking, the electric motor runs in a 

generator mode, that is, it takes kinetic energy from the moving 

vehicle and charges the battery. Obviously, such a hybrid motor 

cannot be an alternative to a piston engine, and it can be viewed as a 

special factor for improving the energy and environmental situation. 

The fact that replacing the piston engine by an electric motor is 

considered to be a real and radical way can be clearly seen on the 

example of those megacities that have developed a network of 

tramway and-trolleybus transport, land and underground electric 

transport, and electrified railways for intercity and international 

traffic. In the future, public transport will include a significant 

number of intra-city electric vehicles (such a trend is especially 

noticeable in the USA). Nevertheless, the problem of private 

transport remains unsolved, because the electric car cannot respond 

to the natural human demand to “travel wherever I want and 

whenever I want”. In this case, it is not only about the absence of 

the batteries, whose energy capacity can be compared with the 

energy capacity of traditional fuels of piston engines. Here, of 

course, we cannot exclude a scientific breakthrough in the field of 

electric energy storage, but if it still happens and cheap and easy-to-

use electric cars with a long mileage appear on the market, then 

there will not be enough electricity from existing hydro and nuclear 

power plants to charge their batteries. This is indicated by the fact 

that the total power generated by piston engines in the world is 

several times higher than the installed capacity of all power plants. 

On the other hand, an electric motor can be successfully used to to 

improve the piston internal combustion engine. Hybridization of 

these engines make it easier to avoid the well-known disadvantage 

of the piston internal combustion engine, the existence of a 

relatively low efficiency at low loads, which can practically be 

increased when driving at low speeds by using an electric motor. 

Along with this, the further development of transport energy use 

puts on the agenda the need to use non-petroleum, non-traditional 

(alternative) fuels in order to solve energy and environmental 

problems, we note here that the adaptation of the piston engine to 

alternative fuels, first of all, implies the improvement of the 

combustion process. Thus, we can conclude that the further 

improvement of the combustion process in piston engines will 

remain relevant also in the future. 

        An alternative is homogeneous self-ignition, known as 

homogeneous charge compression ignition (HCCI). Sometimes the 

term “controlled auto ignition (CAI) is used. Such an alternative 

engine is a combination of a diesel engine and an Otto 

thermodynamic cycle engine [3]. The intense competition between 

the diesel and gasoline engines has contributed to the fact that there 

were and are many attempts (including many successful ones) to 

organize new, alternative operation processes that could combine 

the positive properties of these fundamentally different engines in a 

single engine. From the characteristics of the operating cycles of the 

diesel and gasoline engines, it is clear that the engine with the HCCI 

process is a hybrid of these two types of engines. The need for such 

clarification is clear, because the hybrid engines are usually called 

the car’s power unit, which consists of a piston engine and an 

electric motor [5]. Naturally, there are other possibilities of 

organizing the operating cycle with parallel signs, recently the 

A2CD version has attracted attention. It is practically an engine 

with the HCCI process, for the creation of which there are different 

approaches. For example, the DaimlerBenz company created a 

diesel engine with a homogeneous mixture in the combustion 

chamber. Hybrid engines created on the basis of diesel and Otto 

engine operation processes are called "Diesotto".       

        Methanol fuel can be viewed as an additive to motor gasoline. 

The optimal addition of methanol to liquid fuel with a high octane 

component varies from 5 to 20%; At such concentrations, the 

gasoline-alcohol mixture is characterized by satisfactory properties 

and provides a noticeable economic effect. At the same time, the 

introduction of methanol increases the octane number of fuel (on 

average by 3-8 units for a 15%-additive), which leads to 

compensation of the degradation of energy efficiency by increasing 

the compression ratio. Also, methanol improves the process of fuel 

combustion due to the formation of radicals that activate oxidation 

chain reactions. Combustion studies of the gasoline-methanol 

mixtures in the single-cylinder engines with standard and stratified 

mixture formation systems have shown that the addition of 

methanol reduces the ignition delay period and the duration of fuel 

combustion. In this case, heat removal from the reaction zone 

decreases, and the combustion limit of the mixture expands and 

becomes the maximum for pure methanol. One of the most serious 

problems hindering the use of methanol additives is a low stability 

of the gasoline-methanol mixtures and their particular sensitivity to 

water. The difference in the density of gasoline and methanol and 

the high solubility of the latter in water lead to the fact that the 

introduction of even a small amount of water into the mixture leads 

to its immediate stratification and the water-methanol phase 

precipitation. The tendency to delamination increases with 

decreasing temperature, increasing water concentration and 

decreasing the content of aromatic substances in gasoline [5] .  

      The comprehensive analysis given above allows us to conclude 

that the piston internal combustion engines still remain the most 

economical, but environmentally unreliable devices. It should also 

be noted here that the further development of internal combustion 

engines depends primarily on the use of such alternative fuels that 

will significantly improve environmental pollution processes, 

although it is possible that the engine's economic performance for 

these conditions will be less or close to that of the base engine (fuel 

consumption will increase). At the modern stage, key findings from 

the study show that fuel gasoline-methanol mixture gives good 

results in this regard, in particular, environmental and power 

indicators are improved, but specific fuel consumption increases.  

    By analogy with the gasoline-methanol fuel mixture combustion, 

the possibility of implementing the combustion process of 

compressed natural gas and methanol mixture (hybrid combustion) 

is considered, which will improve both the engine's environmental 

and efficiency indicators compared to gaseous fuel consumption. 

The effect can be achieved by the fact that the gas-methanol 

mixture is more stable, its density is higher, and the burning rate 

increases significantly, which is distributed almost evenly in the 

entire volume of the combustion chamber, because the methanol 

fuel mixture is placed layer by layer in the volume, thus ensuring a 

stable hybrid combustion process. Implementation of such a process 

will improve the efficient operation of the positive-ignition engines. 

Figure 1 illustrates how the mixing process should be implemented 

in the case of using gaseous and methanol fuels. Here, the spraying 

of methanol in the intake manifold, the beginning of gaseous fuel 

entry, and the process of external mixing are taking place 

simultaneously until the end of the compression process. A spark is 

then supplied with some advancing and the hybrid combustion 

process takes place, as is done in the Otto cycle. Figure 2 illustrates 

the theoretical representation of the indicator diagram, from which 

it can be clearly seen that in the case of the hybrid combustion 

process, the pressure value is higher than in the case of using direct 
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gas fuel, and it approaches the case of using high octane gasoline. It 

should also be noted that the fuel mixture of natural gas and 

methanol makes it easier to increase the compression ratio by 3-5 

points and to compensate fully the efficient indicators. 

 

 

Fig.1.  Scheme of the formation of gas-methanol or hydrogen-methanol working mixture 

 

 

       From an extensive literature review, it appears that in the near 

future it is planned to convert the water transport diesel engines to 

run on compressed of liquefied gas. In this case, if the working 

mixture consisting of liquid gas-and-methanol or hydrogen-and-

methanol is prepared, as discussed above, that is, the gas-diesel 

process is implemented, where the selection of explosive fuel is 

important, for this purpose, methanol can be used, because it 

reduces the period of delay of self-ignition, the duration of fuel 

combustion, and the combustion limits of the working mixture are 

expanded (hybrid combustion), resulting in improving the mixture 

formation process, and the cycle implemented in the engine 

approaches the Otto cycle, which increases environmental and 

efficiency indicators of diesel engine in comparison with that of a 

gas-diesel engine, where diesel fuel is used as an explosive one. 

 

 

Fig. 2. The theoretical indicator diagram: 1-Hydrogen-liquid gas fuel mixture;  2- Natural gas-methanol fuel mixture; 3- Natural gas fuel mixture.  

    

  3. Conclusion 
 

     Based on the analysis, it can be concluded that the use of 

methanol (hybrid combustion) improves the environmental and 

efficient indicators of the engine with forced ignition compared to 

that of the engines running on a gas fuel. It should also be noted that 

the diesel engine operation is closer to the Otto cycle, where the 

heat losses are reduced, which ensures the improvement of the 

environmental and efficient characteristics of engines.  
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Abstract: The environment in which organic enterprises from the food industry in Bulgaria operate after the country's accession to the 

EU places them in conditions where the emphasis is on the quality and safety of the products produced. Competitiveness issues in the context 

of the topic of food safety have been widely discussed in recent years and research in this area is growing. How food safety strategies would 

enhance corporate competitiveness in the global economy remains an open question. The study of this relationship provides the opportunity 

to reveal the factors resulting from the requirements of food safety systems, the improvement of which can help bio-companies from the food 

industry to increase their competitiveness. 

The purpose of this report is to reveal the interrelationship between food competitiveness and safety systems and the application of 

methodologies to increase their competitiveness. 

The subject of research are the different approaches and methods for assessment and analysis, outlining the possibilities for increasing 

the competitiveness of food industry enterprises through the implementation of food safety systems.  

The results of the research provide an opportunity for the development of strategic solutions to increase competitive advantages and make 

them more sustainable in the conditions of a highly competitive environment. 

KEYWORDS: COMPETITION, COMPETITIVENESS, BIO ENTERPRISES, BIO RESOURCES 

1. Introduction
The European Commission in October 2022 announced

impressive results of the development of the bioeconomy in the 

European Union [1]. As of 2020, the biomass production and 

conversion sectors have generated over €650 billion of added value, 

representing nearly 5 percent of EU GDP [2]. 

The bio sector employs more than 17 million people across the 

European Union, which equates to 8 percent of the European 

workforce[3].Employment in the bio-sectors of the economy is 

growing – helping to create jobs, particularly in rural areas. 

Production of bio chemicals, bio-based plastics and rubber has grown 

by 21 percent over the past decade. Bio-enterprises from the food 

industry have a growing importance for the economy of the EU and 

Bulgaria [4]. 

According to industry estimates, over one million new jobs could 

be created in the bio industries by 2030 [5]. These indicators place 

the bioeconomy among the key elements for the successful 

functioning of the EU and Bulgarian economy [6].  

Increasing the competitiveness of bio-enterprises is of strategic 

importance for their sustainable development. Competition is a 

driving force and incentive for increasing the efficiency of business 

operations. It is an integral part of the market economy and should be 

considered in relation to the market as a complete system [7]. Since 

competition is associated with competition between different 

business entities, it allows the most efficient use of resources and the 

most successful organization of business to achieve the ultimate goal 

aimed at obtaining greater profits [8]. 

Competition can be defined as a driving force for the 

development of society [9]. It provokes the use of the best abilities 

and knowledge, leads to an increase in human wealth and diversity, 

leads to rational behavior on the part of sellers and buyers and 

rational use of resources [10]. According to Joseph Schumpeter, in 

the economic system, new combinations make their way, defeating 

the old ones, and for him this process is the basis of competition. 

Improving the ability of businesses to meet standards more 

rigorously is likely to create new forms of competitive advantage 

[11]. In this regard, research has been carried out in some sectors - 

Spring and Isaac highlight the fundamental importance of food safety 

for the competitiveness of the meat industry in Australia, Canada, the 

United Kingdom and the United States. Issues related to increasing 

the competitiveness of business are particularly important, as they 

affect the food industry in particular and, more generally, are also 

related to national competitiveness [12], [13]. 

     In increasingly complex market relations, the success of the 

food industry is driven by their flexibility and adaptability to the 

demands of their environment, as well as by the reasonable 

management of internal company processes focused on the quality 

and safety of production [14]. 

2. Literature review
The term competition "concurrentia" is derived from the Latin

word "co cure", which means to run towards the goal. In everyday 

vocabulary, it is applied in the sense of rivalry, competition and 

competition between people, companies, countries and regions to 

achieve a certain goal [15]. Various definitions of competition are 

found in the economic literature. (Table 1) 

Table 1. Definitions of competition 

М. PORTAR [2] competition between companies in which they 

use national, regional, and global strategies 

RIBOV [9] competition is an interaction between business 

entities, each of which strives to realize its 

interests, regardless of the other subjects 

GANCHEV [10] competition, each pursues one's own interest, 
but at the same time the interests of society are 
realized 

VLADIMIROVA [11] a rivalry between economic agents to achieve the 

goals set (the most efficient use of resources, 

maximizing profits, achieving a high market 

share, etc.), which takes place in the conditions of 

interaction between them 

 A complete and accurate definition of competitiveness does not 

exist. It is so comprehensive that the different definitions do not 

contradict each other, but rather complement each other. Existing 

definitions of competitiveness differ depending on the level to which 

they refer [16]. According to some of them, competitiveness is 

associated with the production and distribution of manufactured 

products [17]. Other definitions are based on an understanding of the 

efficiency of the manufacturing process and the potential for 

innovation and technological advancement. According to Michael 

Porter, competitiveness refers to the way available resources are used 

[2]. The relationship between the concepts of competition and 

competitiveness can be explained in the following way: competition 

and competitive relations predetermine competitive advantages, 

which are a factor for competitiveness [18]. 

The diversity of competitive relations in the economy is divided 

into three levels: 

• Micro level - for individual types of products, productions or

companies; 

• Meter level - for a given industry, corporate unions and

conglomerate type companies; 

• Macro level - for a country.

The study of competition takes place through the so-called

competition mechanism, which consists of the following elements: 
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    • Sources of competitive advantage. There are two types - lower 

costs and differentiation of goods and services. 

    • Subject to competition - these are: consumer demand (domestic 

and international), factors of production (labor, land, capital and 

information) and power. 

     • Subject of competition - here are individuals (physical or legal) 

leading to competition for the objects of competition, ie. competing 

companies that produce or sell similar products and services. 

    • The subject of competition is goods, services or products. 

    • Competitive struggle methods - applied by subjects to the 

competition process for sites. 

The neo-classical theory of perfect competition is based on 

unrestricted competition between business entities. The main 

moments in it were developed by Adam Smith. The main points in 

A. Smit's theory of perfect competition are: 

 Defines the notion of competition as rivalry, rising prices when 

supply is reduced and prices fall in surplus supply. 

 Defines the main principle of competition - "The principle of the 

invisible hand". Competition forces market players to follow the 

instructions of the "invisible hand" and is a mechanism to 

automatically achieve market equilibrium. 

 Develops the theoretical foundations of a flexible competition 

mechanism that balances the industry's profit rate, leading to an 

optimal allocation of resources across the various sectors of the 

economy. 

 Defines the basic conditions for effective competition, including 

the availability of a large number of sellers and buyers, the 

mobility of the resources used, the availability and availability 

of information on the level of demand, supply and prices, which 

makes it possible to make optimal choices. 

 Defines competition as a means of solving contradictions 

between private and public interests. 

Perfect competition - characterized by a large number of players 

(sellers and buyers) on the market. Each of them has enough full 

market information and none of them can control market demand, 

delivery of goods and their price. 

Perfect competition is growing into its antipode - the monopoly, 

that is, in imperfect competition. It appears in a market where 

individual producers (sellers) can have some impact on the price [19]. 

In the monopoly theoretical model there is only one producer or 

consumer who has no competitors on the market, there are no 

substitutable goods or services [20]. There are different 

circumstances in which a firm may become a monopolist. In this 

sense, it is a closed, natural or open monopoly. 

 Closed monopoly - is typical for cases where the company is 

protected by competition by means of legal restrictions (by the 

Copyright Agency). 

 Natural monopoly - exists when there is a company producing a 

unique product on the market and there are some limitations on 

the factors of production (unique natural resources). 

 Open monopoly - for a while, a company is the only supplier of 

a particular product without any specific protection from 

competition, as in the closed and natural monopoly, but in the 

future a competitor may appear. 

When examining market conditions, the authors of the theory of 

imperfect competition focus their attention on the situations of 

polypole, oligopoly and monopoly 

 Polypol is a market with many participants, but they are mostly 

small companies; 

 The oligopoly is a market with a small number of participants, 

but medium-sized companies; 

 The monopoly is a market with only one bidder on the demand 

or supply side, but it is a big company. 

The main functions that competitiveness performs in the 

conditions of a market economy are as follows:    

The first function is a counterpart. It finds expression in the 

impact of competition in two directions: 

 Competition is a universal tool for comparing the effectiveness 

of different companies to discover and stimulate the most 

economically active. 

 Such a match meets the interests of the consumer, who chooses 

the trader giving him the most advantageous terms. 

The second function is selective. It involves removing market 

participants who work economically ineffective. As a result, overall 

efficiency of production and trade is increasing. 

The third function is related to its disciplining power in the 

market economy. The availability of alternative sellers and buyers in 

the market to some extent forces companies to comply with consumer 

wishes and to seek more efficient ways to carry out their business. 

Companies that fail to provide consumers with quality goods and 

services at competitive prices will suffer losses and will eventually 

go bankrupt. 

The fourth feature focuses on the dynamics. Firms operating 

under strong competition find new ideas, develop new offers on the 

market, new channels for realization, new forms of service, and make 

profits as innovators. At the same time, they take the risk that new 

ideas and developments will not be accepted by the market, which 

would bring them losses. This is how dynamic changes are made, in 

which the old methods and methods give way to the new ones. 

There are quantitative methods defining market conditions for 

determining the nature of competition. Widespread indicators are 

two: the concentration ratio of leading (usually four) firms and a 

Herfindal-Hirschman index. 

Concentration ratio of the four largest companies - represents the 

sum of the relative shares of the sales value of the four largest 

companies. Determined by the formula: 

 
                     CR4 =  MS1 + MS2 + MS3 + MS4              (1) 

where: 

CR4 is the concentration factor (concentration ratio); 

MS1, 2, 3, 4 – market share (as a percentage) of the four largest 

companies. 

The index may range from zero in pure competition to 100% in 

monopoly. An indicator value above 40% is indicative of 

oligopolistic competition, and below 40% for monopolistic 

competition. 

Herfindahl-Hirschmann Index - represents the sum of squares of 

market shares of major competitors. Determined by the formula:        

                              𝑯𝑯𝑰 = ∑ (𝑴𝑺)𝒊
𝟐𝑵

𝒊=𝟏                               (2) 

where: 

HHI is the Herfindal-Hirschman index; 

MS - market share in percent; 

N - the number of competitors. 

The higher the index, the more monopolized the relevant market 

and: 

HHI ≤ 1000 means a competitive market; 

1000 ≤ HHI ≤ 1500 - Slightly monopolized market; 

1500 ≤ HHI ≤ 2500 - moderately monopolized market; 

HHI ≥ 2500 - high concentration of monopoly power; 

HHI = 10,000 - full monopoly of 1 company. 

 

The research and analysis of the competitiveness of a company 

is carried out at three levels - national (macro level), sectoral and 

company level. It can take place both in the order and in the opposite 

direction: company, industry, national level. The relationship of the 

analysis levels with the analysis tools is presented in Fig. 1. 

At national level, the Porter Diamond tool is most commonly 

used to analyze competitiveness. The four main tips in the "diamond" 

are: Factors of production; Demand conditions; Connected and 

supporting industries. Company strategy, structure and competition. 

At the industry level, the most widespread is "Porter's Five 

Driving Forces Model". Its main elements are: Competition between 

existing companies; The threat of new firms entering; The emergence 

of substitute products; Contractual power of suppliers; The 

contractual strength of customers is directly reflected not only on the 

particular firm, but also on the competition in the industry, which 

may cause a direct clash between different companies. As a result of  
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Fig. 1. Relationship between Analysis Levels and Competitive 

Analysis Methods 

 

the sectoral level analysis, we need to get an evaluation of the 

competitive advantage over the rivals. 

At company level, the competitive advantage can be determined 

by the following methods: 

 Competitive triangle - is a comparison with the leading 

competitor. It is often used also the abbreviation three K (client, 

company, competitor). The competitive triangle reflects the fact 

that the consumer perceives the value offered by a particular 

company and its main competitor.   

 Value chain. It uses the system approach to form the market 

advantage of the company. It divides company activities into 

two types: primary and secondary. 

 Benchmarking method - drawing up a profile of competence. 

The method allows for ongoing monitoring of the main rivalries 

and comparison with customer requirements, not the 

establishment of the results after the occurrence of the 

unfavorable events or at the end of a certain period [22]. 

In the current conditions of increasing competition between 

rivals, the idea of the dynamic nature of competitive advantage and 

hyper-competition is becoming more and more popular [4], [10]. 

These models emphasize the speed and aggressiveness of the action 

taken and the countermeasures in the particular market, resulting in 

competitive advantages quickly becoming eroded. 

 Hyper-competition. The model is based on the following 

prerequisites. Any competitive advantage may be copied or 

undermined by other market participants. Once overcome, it 

becomes a burden. Blindly following the idea of maintaining the 

market advantage can be a fatal delusion because the pursuit of 

perfecting the advantage diverts attention from the formation of 

a new competitive advantage. Overtaking of the immediate 

competitors is not once established forever. It represents a 

number of small steps, each of which allows to undermine, 

destroy the advantage of the opponent or build the next 

competitive advantage before eroding the present. In this 

direction, the following strategies can be implemented: 

1. The strategy of undermining the market advantage includes two 

elements: consumer satisfaction and strategic prediction 

(prediction). They help to explore in more detail the requirements of 

current users or to open new customers whose needs are not satisfied. 

This strategy can also be used by the market leader, and in this case, 

it will be possible for him to preserve his position [. 

2. The tactic of erosion of the market advantage includes three types 

of possible actions: changing the game's rules - the conditions of 

competition by opening new ways of servicing consumers; disclosure 

of strategic intentions - to drive action and track competitors' 

responses; simultaneous and consistent attacks on rivals to confuse 

and block their efforts to maintain the market advantage. These 

actions shape the direction or nature of the response of competitors. 

3. The possibilities of undermining the competitor's market 

advantage are two: speed and surprise. Positioning the product and 

brand with the ability to reposition it as quickly and in a way that will 

surprise the competition. 

3. Methodology, research and discussions 
The research is aimed at bio-enterprises from the food industry - 

a sector with long-standing traditions, occupying a major share of the 

Bulgarian industry. In addition, food production falls into a risk 

group from a safety point of view, and it is appropriate for food 

companies and their food safety systems to focus on an area that can 

be developed and used as a source of competitive advantage. 

   The research was conducted in the period September 2022 - 

February 2023 among 178 enterprises from various sectors of the 

food industry in Bulgaria. Various research methods were used: 

induction and deduction, analysis and synthesis, content analysis, 

statistical data analysis, econometric time series analysis, general 

equilibrium modeling, questionnaires, interviews, case studies and 

others. 

The respondents are representatives of all the main sub-sectors of 

the food bio-industry in Bulgaria and their relative shares are shown 

in fig. 2. 

 

 

Fig.2. Share of respondents from food subsectors in Bulgaria 

It appears that the largest share is the respondents representing 

the subsector - production of other food products - 36%; followed by 

representatives of the meat and milk processing industry - 27%, 

followed by preserved bio-fruits and bio-vegetables - 13%, canned 

fish - 8%; the production of vegetable oil and animal oil - 6%, 

manufacturer of beverages are 4%, and with the smallest share being 

the respondents-bakers and producers of starch products - 2%. 

By applying the quantitative method for measuring market 

conditions to determine the nature of competition in the Bulgarian 

food and beverage bio-industry (see Table 1), we were able to 

establish the market conditions under which the individual sub-

sectors offering bio-products function. 

The analysis of the results of the study shows that the enterprises 

of the meat industry in Bulgaria work in conditions of monopolistic 

competition. Dairy firms operate in a slightly monopolized market, 

with the concentration ratio of leading firms CP > 40%, which is 

indicative of operating in oligopolistic competition. Companies from 

the beverage sector in Bulgaria, as well as those from the sub-sector 

of other food products, operate under conditions of monopolistic 

competition. Companies in the sector of canned fruits and vegetables 

and the production of vegetable and animal oils operate in a 

moderately monopolized market. Firms from the milling and starch 

products subsector operate under conditions of high concentration of 

monopoly power. 

 

 

 

 

 

27%

12%

13%6%

2%

36%

4%

Meat and milk bio-production and processing

Processing and preserving of fish and other aquatic animals

Processing and preserving of bio-fruits and bio-vegetables

Production of vegetable and animal bio-oils

Bio-manufacture of grain mill products, starch and starch products

Bio-manufacture of other food products

Bio-manufacture of beverages

Company level:

"Competitive Triangle", 
"Value Chain", "Benchmarking 

- Competency Profile"

Industry level:

"Porter's 5 Forces Model"

National level:

"Porter's Diamond"
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Table 2. Results for the competition in Bulgarian food bio-industry 

 

Manufacture of 

food products 

Widespread indicators The nature 

of 

competition 
the concentration 

ratio of leading 

firms 

Herfindal-

Hirschman 

index 

Meat production 

and processing 

48 % HHI < 1 000 Competitive 

market 

Processing and 

preserving of 

bio-fruits and 

bio-vegetables  

79% 1500 < HHI < 

2 500 

Moderately 

monopolized 

market 

Production of 

vegetable and      

animal oils 

82% 1 500< HHI 

<2 500 

Moderately 

monopolized 

market 

Processing and 

preserving of 

fish and other 

aquatic animals 

99%  HHI =10 000 Full 

monopoly 

Manufacture of 

other food 

production 

45 % HHI < 1 000 Competitive 

market 

Manufacture of 

grain mill 

products and 

starch products 

 % HHI > 2 500 High 

concentration 

of monopoly 

power 

Manufacture of 

beverages 

52% HHI <  1 000 Competitive 

market 

 

       By applying the quantitative method for measuring market 

conditions to determine the nature of competition in the Bulgarian 

food and beverage bio-industry (see Table 2), we were able to 

establish the market conditions under which the individual sub-

sectors offering bio-products function. 

       The analysis of the results of the study shows that the enterprises 

of the meat and dairy industry in Bulgaria work in the conditions of 

a slightly monopolized market, with the concentration coefficient of 

the leading companies CP> 40%, which is indicative of work in 

oligopolistic competition. Companies from the beverage sector in 

Bulgaria, as well as those from the sub-sector of other food products, 

operate under conditions of monopolistic competition. Companies in 

the sector of canned fruits and vegetables and the production of 

vegetable and animal oils operate in a moderately monopolized 

market. Firms from the milling and starch products subsector operate 

under conditions of high concentration of monopoly power. 

 

4. Conclusion 

      The most important sectors (meat processing, production of 

other food products and beverage production) are identified as well 

as those with the best prospects from an economic point of view 

(canned fruits and vegetables, vegetable and animal oil, dairy 

products). An analysis of the industrial structure and the market 

conditions in which they work is carried out. As a result of the survey, 

it has been established that the food industry in Bulgaria is 

experiencing difficulties in marketing and innovation activity, 

offering products that meet specific consumer needs, using modern 

methods of analysis, applying management practices, building on 

voluntary standards. The conclusion is that the main subsectors of the 

food industry in Bulgaria are operating in the conditions of 

monopolistic competition, which requires the adoption of concrete 

strategic decisions for affirming their competitive advantages and 

expanding the market positions.     
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Abstract: The Israeli-Palestinian conflict (originally Israeli-Arab conflict) has been of interest to the current and former American 

presidents. The long-agreed U.S. policy regarding finding a solution to the conflict – the two-state solution, through a series of decisions, 

has been undermined by Donald Trump. Joe Biden, the current American president, has reversed, frozen, and continued some of Trump’s 

decisions to establish a new Israeli-Palestinian conflict environment aimed at restarting negotiations between the conflicted parties. A 

comparative analysis of Trump’s and Biden’s approach towards the conflict strengthened by the analysis of a formal White House document 

allows for the presentation of the current administration’s policy towards the conflict and the actors of the conflict. In this paper I have 

presented an analysis of ten vital aspects of Biden’s policy towards the Israeli-Palestinian conflict during his first term in office. 
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Since the establishment of Israel in May 1948, its citizens have been 

at war with either one or more Arab neighbors at the same time. 

Progressively, with the extended assistance of third parties such as 

the USA, Israel has been able to establish positive relations with 

most of the Arab countries with which it shares borders, starting 

with Egypt in 1978. Israel failed to establish such a relationship 

with the Palestinians. From the perspective of the Palestinians, they 

had already been stripped of their land and deprived of their self-

determination over the course of many events over many years. The 

Israelis claim this land is theirs tracing all the way back to the 

Biblical times.  

Because the Israeli-Palestinian conflict is complex (and for a long 

time it was part of a broader Israeli-Arab conflict, involving many 

actors), negotiating a peace treaty has been historically difficult. 

Because of this complexity, third party actors and non-regional 

actors, have had to act as intermediaries. The country that, 

historically, has had the resources and most potential to foster 

Middle East peace has been the USA. There are a few factors that 

make the United States possibly the most effective and potent 

broker of the Middle East peace process. For a long time, the United 

States had the strongest soft power (diplomacy, culture, economy, 

values), which attracted other actors [1]. Because of a strong 

economy, the USA could be a sponsor of peace deals. And, among 

other reasons, it had (and still has) leverage over Israel and 

Palestine equally. 

American interference in the Middle East conflict has a long 

history. Actions taken by the former American presidents and 

administrations were at times peace-oriented, and at other times, 

directly fueled the conflict. Among initiatives aiming at finding 

solutions to the Israeli-Palestinian conflict, possibly the most 

spectacular, was bringing both sides of the conflict to the 

negotiation table. This was accomplished by President Bill Clinton 

at Camp David in the year 2000. While the bilateral talks between 

Israeli prime minister Ehud Barak and the Palestinian leader Yasser 

Arafat at Camp David ended with a failure, the measures taken by 

Clinton were momentous [2]. While at a declarative level the U.S. 

presents itself as an impartial broker, it is more pro-Israeli. As 

further discussed in this paper, American support for Israel which 

hindered the peace process has been delivered at many levels – 

military, diplomatic, and economic [3]. Yet, with its support for 

Israel, finding a solution to the conflict is high on the American 

agenda and many of their presidents have attempted to solve it. 

President Joe Biden together with his vice-president Kamala Harris, 

defeated Donald Trump in the 2020 presidential elections. This 

made him the oldest serving president, and Harris the first woman 

vice-president. Domestically, Biden, as president, was challenged 

from the beginning by the COVID-19 pandemic, a possible 

economic recession, and an unemployment crisis. He also began 

reversing some of former President Trump’s decisions such as 

American engagement into fighting climate change and access to 

health care. In foreign matters, Biden had to formulate American 

policy, among others, to the Taliban dominance in Afghanistan and 

the Russian invasion of Ukraine. Among the soaring international 

challenges Biden had to face, the smaller Middle East, Israel and 

Palestine, was becoming increasingly tense, especially in May 2021 

when an 11-day violent fight between Israel and Palestine broke 

out. Once again, despite operating on a commentary of previous 

American diplomatic actions, Biden was forced to start formulating 

his own policy towards the conflict. 

1. Low priority of the conflict
Initially, Biden’s administration did not recognize the Israeli-

Palestinian conflict as a high priority. It was Yemen, and especially 

Iran, that according to Biden required immediate policy. Biden’s 

predecessor, President Donald Trump, withdrew from the Iran 

nuclear agreement in May 2018, and the current President, to deter 

Iran from falling under Russian or Chinese influence, is aiming at 

restarting talks [4]. The role of a special envoy to the Israeli-

Palestinian crises has almost been a tradition for American 

administrations. President Obama named George Mitchell his envoy 

just days after being sworn in while Trump trusted this role to his 

son-in-law Jared Kushner. Mitchell became the Special Envoy just 

48 hours after Obama’s inauguration [5]. Biden, at first, did not 

recognize the conflict as a priority requiring a special envoy. It is 

clear, that naming an envoy does not equal finding a solution to the 

conflict, but it signifies the importance of this issue in American 

foreign policy. Biden’s approach to the Israeli-Palestinian conflict 

has a more general Middle East perspective, not a particular 

strategy. Biden has appointed Rob Malley as the US Special Envoy 

to Iran, Tim Landerking as the US Special Envoy to Yemen. Both 

appointments were coordinated by Brett McGurk, a highly 

experienced expert on the Middle East, serving in the White House 

under three previous presidents, and today the White House Middle 

East coordinator. Until today, a special envoy has not been 

designated to the Middle East conflict. 

2. Biden’s administration avoidance of 

formulating in-depth policy towards the 

conflict 
Not only did Biden not assign a special envoy to the region but he 

also abstained from sketching a clear plan with guidelines on how 

to resolve the conflict. Yet, he stayed loyal to the long-present 

American policy of promoting the realpolitik two-state solution. 

Biden avoided specifying the terms of the deal and conditions under 

which the two-state solution, even concerning such crucial and 

basic areas as the future of Jerusalem, the shape of the states, and 

the Palestinian refugees. This approach is much different from 

Obama’s A New Beginning plan delivered in Cairo or Trump’s 

Peace for Prosperity. The pivotal issues at stake between Israel and 

Palestine are three main ones:  the city of Jerusalem, Israeli 

settlement on occupied territories, and the future of Palestinian 

refugees [6]. These three main problems can be treated separately, 

especially in negotiations but are strongly interdependent. Jewish 

settlements are being built on annexed Palestinian territories further 

impeding the challenge of future of Palestinian refugees. And 

Jerusalem, being home to three main monotheistic religions 

including Jewish and Arab one, is at heart to both conflicted parties, 

seeing it as holy and diplomatically vital. The above enumerated 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

106

https://en.wikipedia.org/wiki/Ehud_Barak
https://en.wikipedia.org/wiki/Yasser_Arafat
https://en.wikipedia.org/wiki/Yasser_Arafat


 

crucial points of conflict, along with few other ones, are 

traditionally addressed by following American presidents. Biden 

has successfully omitted clear and decisive guidelines to these areas 

of interest. Nonetheless, avoiding strong interference and stating 

precise conditions for peace. Biden is sending a clear signal that his 

administration wants to discontinue Trump’s policy of strong 

support for Israel. 

3. Biden wants the Palestinians to get engaged 

again after Trump’s years 
As discussed above, Trump’s pro-Israeli policy towards the Middle 

East and the conflict resulted in the Palestinians withdrawing from 

the negotiation and peace processes. The lack of one actor at the 

negotiation table in bilateral negotiations disables the talks. Donald 

Trump had a strategic plan and vision for peace in the Middle East 

– Peace for Prosperity, also called by Trump, Deal of the Century 

[7]. The plan was released in Washington at a joint press conference 

held by Trump and Netanyahu. Absent at the event was the 

Palestinian side. They also did not participate in shaping the 

proposal and any talks since 2017, when Jerusalem was declared 

Israel’s capital by Trump. Further unfavorable circumstances for 

any peace talks were, consequently to the Palestinian withdrawal 

position, Trump’s freeze of Palestinian aid, funding UNRWA (the 

UN agencies aiding Palestine), and closing the Palestinian 

diplomatic office in Washington. Contrary to Trump’s approach, 

Biden wishes to reengage the Palestinians into the talks and the 

peace process. One of the first steps Biden took is a declaration to 

reopen the U.S. Consulate in Jerusalem and America’s diplomatic 

mission to the Palestinians, which was merged into the newly 

opened U.S. Embassy in Jerusalem [8]. Rebuilding diplomatic ties 

with the Palestinians is essential to establish an equilibrium between 

the conflicted parties and allow for future peace talks. Biden not 

only wants to be active in upgrading the Palestinian role in the 

process in the Middle East but also in Washington. While the 

diplomatic mission in Jerusalem is still to reopen, Biden has 

appointed a special representative for Palestinian affairs, Hady Amr, 

to a newly created role. This person is expected to work closely 

with the Jerusalem based officials and diplomats [9]. However, 

Biden’s administration decided to broaden assistance to the 

Palestinians above diplomatic help. On June 15, 2022, Biden, 

having in mind the deteriorating living condition of the Palestinians, 

announced two new USAID grants – $2 million and $5 million over 

three years, aimed at establishing a cross-border medical and 

technological partnership between Israelis and Palestinians [10]. 

4. Biden urges Israel to end war in Gaza 
Initially Biden did not recognize the Middle East conflict as his 

priority. One of the reasons could be that reversing Trump’s pro-

Israeli decision could result in strong disapproval from Israeli 

supporters in the USA and globally.  This approach had to be 

modified by the White House in early May 2021, when the Israel-

Palestinian crises escalated. This event once again forced the 

conflict into the forefront of international and American attention. 

The crises which lasted 11 days had its flashpoint in Gaza but also 

at holy sites in Jerusalem. During this short yet violent crises, Biden 

talked on numerous occasions with Prime Minister Netanyahu. In 

one of them, he condemned Hamas attacks and reaffirmed 

Netanyahu of American support for Israel to defend itself and 

underlined the importance of a two-state solution [11]. Yet over the 

following days Biden’s rhetoric became stiffer towards Israel. In the 

next talk with Netanyahu, Biden signaled that he expects a 

significant de-escalation allowing for a ceasefire (U.S. Mission 

Israel, 2021). This signaled a reversal from Trump’s 

administration’s approach towards Israel and indicates that 

American patience was running out. These actions of Biden 

signaled that he is interested in getting the conflicted parties back to 

the negotiation table, but this will not happen when fighting in Gaza 

is continued. 

 

5. Jerusalem a vital city for the Israelis, 

Palestinians, and Americans as well 
Jerusalem is among the core issues of the conflict between Israel 

and Palestine, alongside security, refugees, and final boarders. The 

city is of the highest value to both sides due to religious, cultural, 

and historical reasons. The future of Jerusalem – if it should become 

the capital of either state, or possibly be shared by both, was for a 

long time not fully clarified by peace brokers, since it was seen as a 

serious source of conflict. The one to break this tradition was 

Donald Trump, who recognized Jerusalem as the capital of Israel 

and decided to move American diplomatic mission to this city from 

Tel Aviv [12]. This action resulted in Palestinians freezing attempts 

to talk with the Israeli side and more hawkish Palestinian fractions 

openly called for more decisive, even violent actions. Biden’s 

approach to the future of Jerusalem is much different. Being aware 

that only an evenhanded approach to both conflicted parties might 

lead to peace talks with the two-state solution as the ultimate goal, 

he decided to reverse Trump’s decision concerning Jerusalem, at 

least some of the decisions. On his visit to the Middle East, U.S. 

Secretary of State Antony Blinken said that President Biden wants 

to reopen the U.S. Consulate in Jerusalem and America’s 

diplomatic mission to the Palestinians, but at the same time leave 

the embassy in its new place in Jerusalem [13]. It was also made 

clear to Israel that further evictions of Palestinians from East 

Jerusalem might lead to renewed tension, conflict and even war. 

Thus, this declaration of Biden reopens the future dialogue about 

Jerusalem, withdrawing from Trump’s plans of Jerusalem as an 

undivided Jewish city. 

6. Palestine and Israel as equal players 
The most desirable outcome for Israel, Palestine, and the U.S., and 

the whole global community, is finding a win-win solution to the 

conflict. This outcome, a two-state solution, which will guarantee 

lasting peace, plus development and prosperity in the region, is only 

possible when the negotiating parties are as equal as possible. Such 

a negotiating platform is one which might give positive results. As 

mentioned above, strong support which Trump gave to the Israeli 

side resulted in the Palestinian withdrawal from all of talks, 

negotiations, and even possibly the cause of them turning to 

violence. Biden, after taking office, over time, has gotten more 

engaged with the Israeli-Palestinian issue. He recognized the need 

for a more evenhanded approach and possibly a more humanitarian 

look at the Palestinians. In July 2022 President Biden met with 

President Abbas and in the remarks both presidents shared after the 

meeting, Biden underlined his support for Palestine (diplomatic and 

economic), emphasizing that now, when Israel is progressing in 

building relations with Arab states in the region, it is good time, 

aiming at the two-state solutions, to restart Israeli-Palestinian talks. 

Biden also emphasized that both Israel and Palestine equally 

deserve freedom, security, dignity, opportunity, and development 

chances. This narration has been present in the previous American 

administrations, just strongly reversed by Trump. Under Biden, 

Israel and Palestine at the negotiation table are to be treated as 

equals. According to Biden, both Israeli aspiration and that of the 

Palestinians should be given equal weight. 

7. New settlements and the issue of refugees 
In addition to Jerusalem, the questions of refugees and the problem 

of continuous building of Jewish settlements of annexed Palestinian 

territories are the key points of discord between Israel and Palestine. 

The lack of an acceptable solution to both is pivotal to the failure of 

a two-state solution negotiation attempts. As seen from the map 

below, the process of Israel growing their territory at the cost of 

Palestinians has been continuing for over a hundred years now, 

consequently creating new Palestinian refugees [14].  
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The forceful removal of Palestinians from their homes, 

neighborhoods, and farms and in its place constructing new, walled 

Israeli settlements from the Israeli perspective is a necessity for a 

growing state but the Palestinian’s view it as unlawful, inhumane, 

and undermining peace talks. The Palestinian refugees are fleeing to 

neighboring Arab countries where they often live in refugee camps 

relying mostly on international aid. 

Biden, through his Secretary of State Anthony Blinken, referred to 

this problem, that he is opposing any unilateral action of either side 

that might spark violence or undermine a two-state solution. He 

mentions such topics as: settlement building, house demolitions, 

evictions, inciting violence and sponsoring terrorism [15]. These 

fundamental frames have been present in an international approach 

to the conflict, and whenever the conflicted parties abided by them, 

certain peace progress was possible. The White House’s refrain 

(historically) from naming the settlements as illegal since such 

rhetoric would be unacceptable for Israel and instead chooses to call 

them at most times obstacles for peace. Trump’s administration not 

only lambasted plans for new settlements but also criticized plans to 

evict 1,300 Palestinians to gain land for a future IDF training zone 

[16]. 

8. Biden declines to start negotiations now 
As discussed in point 7, Biden’s administration is not interested in 

rushing into peace talks or negotiations of Israel and Palestine. He 

believes that certain, positive environment must firstly be created. 

Without the proper efforts to bring the parties back to the table will 

result in disappointment. Peace talks must be preceded with positive 

peace prospects. The necessary frames are: 1) the humanitarian 

reconstruction of Gaza, 2) the need to address both parties to reduce 

tension and to prevent renewed violence and 3) the need to take 

steps to improve people’s lives and add a sense of dignity and hope 

[17].  The above assumptions signal that before diplomatic actions 

occur, attention must be paid to humanitarian issues. While Israel is 

a developed state which is struggling with security issues, the 

quality of life of Palestinians in the West Bank, and Gaza 

especially, is handicapped, and both territories are underdeveloped 

or destroyed, especially regarding access to water and energy. 

While peace talks are vital, improving everyday living conditions 

and consequently restoring hope and dignity should prevail. 

9. Other third parties are welcomed 
As mentioned above, the U.S. plays a special role in reference to the 

Middle East and the conflict. For a long time it had (now it is 

debated if still has) the soft power necessary to promote peace, it 

also had the hard power to take actions if necessary and what is 

possibly the most important, it has strong leverage over Israel. Due 

to historical ties between the U.S.A and Israel, the military, 

diplomatic, and economic aid that Israel receives, that makes Israel 

the biggest beneficiary globally, the White House has a unique 

leverage over Israel, that no other state or organization has [18]. 

Yet, Biden believes that other parties should get engaged and 

become catalysts in the peace process. At this point, the Middle 

East Quarte (an international body comprised of the U.S.A, Russia, 

E.U. and U.N), established by George W Bush’s administration, to 

find a solution to the conflict, does not hold the high esteem but is 

welcomed to take any positive action in the matter. In the era of 

Israel building new relationships with Arab neighbors (Bahrain, 

Kuwait and UAE), Biden believes that the Arab states of the region 

might play an important role in establishing peace in the region. In 

July 2022, President Biden met in Jeddah with the leaders of the 

Gulf Cooperation Council (GCC)  (Bahrain, Kuwait, Oman, Qatar, 

Saudi Arabia, the United Arab Emirates, the Republic of Egypt, the 

Republic of Iraq, and the Kingdom of Jordan) and agreed on a list 

of actions to strengthen the region, promoting bilateral and 

multilateral cooperation and also to take decisive steps to improve 

living conditions of the Palestinians. Once again, Biden stresses that 

that investing in living conditions, restoring hope and dignity might 

be the key to start meaningful talks of both conflicted sides. 

10. Furthering Israel’s integration with the Arab 

states of the region 
Biden sees the Middle East more broadly. He disbelieves, at this 

point, that bilateral Israeli-Palestinian talks are feasible. He also 

declines from engaging his administration from paving a road for 

the conflicted sides to restart peace talks. He sees success in the 

process of improving life, especially of the Palestinians, restraining 

from violence or actions that might lead to violence and engaging 

more actors into shaping the future of Middle East. As discussed in 

point 9, other Arab states of the region are expected to put some 

effort into reshaping the Middle East, as well as the anticipation of 

Israel’s cooperation with other states of the region. Following 

opening and establishing contacts lately with Bahrain, Kuwait and 

the UAE, Biden embraces the further integration and normalization 

of bilateral relations. By embracing the Abraham Accords (a series 

of joint normalization statements initially between Israel, the United 

Arab Emirates, and Bahrain) introduced by Trump, Biden showed 

support for one of the actions of his predecessor, which was very 

rare. Biden, on his first trip to the Middle East in 2022, continued 

Trump’s policy towards Israel’s greater integration into the region 

and even took diplomatic action to establish relations between Israel 

and Saudi Arabia [19]. Again, the normalization of Israel relations 

with other states of the region, in Biden’s eyes, might be key to 

peace in the region. 

Under President Joe Biden, American approach towards the Middle 

East, Israel, Palestine, and the conflict, is different from his 

predecessor. Declaratively it is to be more even-handed, 

discontinuing Trump’s pro-Israeli policy. Firstly, improving the 

living conditions of Palestinians and later engaging both conflicted 

sides into negotiations seems to be a strategy that in its newness 

deserves credit. Similarly, the general normalization, integration, 

and promoting cooperation among states of the region, Biden’s 

strategy that is inherited and continued from Trump is rational. Yet, 

the White House is currently facing, and is more engaged in 

European events, namely the invasion of Ukraine by Russia, 

possibly the greatest international challenge since the end of the 

Cold War. It is to be observed if Biden’s policy towards the Middle 

East conflict in these unstable times will be effective. President 

Biden still has time in his presidency, but the question remains 

whether he and his administration has the political will to take 

action towards peace between Israel and Palestine.  
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1. Chronology of events and facts

The facts are as follows: four parliaments, three elections, the 

last of which "2 in 1" (presidential and early parliamentary ones), 

two caretaker cabinets and a regular government at the end of the 

year. This is the balance in figures from the political 2021. The first 

three months of 2021 were also the last for the 44th Parliament and 

for the management of the Borisov 3 cabinet - a coalition between 

GERB-UDF and the United Patriots. For the first time, a 

government headed by Boyko Borisov has served its full four-year 

term after two that ended early with resignation. 

Regular parliamentary elections were held on 4 April. The 

popular vote defined GERB-UDF again as the first political force, 

the new formation of Slavi Trifonov - "There is such a people" 

(ITN), was second, "BSP for Bulgaria" retreated and took third 

position. Then the MRF, "Democratic Bulgaria" (DB) and "Stand 

up! Thugs out." The 45th Parliament had too short, but far from 

boring, life. As the first political force, GERB-UDF received the 

first mandate from President Rumen Radev to form a government. 

Their draft cabinet with Prime Minister candidate Daniel Mitov did 

not meet with support, the invited for talks ITN and DB, which they 

recognized as logical partners, categorically refused to enter into 

negotiations. Both formations of the protests announced a course of 

"scratching" GERB and Borisov from power. Thus, GERB-UDF 

remained in isolation, returned Radev's mandate. 

The second political force - that of Stanislav Trifonov, which 

was declared overwhelming support by everyone in the National 

Assembly (NA), also did not take responsibility on the grounds that 

it does not have its own majority. ITN-nominated world chess 

champion Antoaneta Stefanova immediately returned the mandate. 

The same was done by the BSP, which received the third 

exploratory mandate. This led to the inevitable foretold end of the 

45th parliament and the first for this year early parliamentary 

elections in the summer - on July 11, and the first caretaker cabinet 

appointed by President Radev, in which ministers of economy and 

finance were Kiril Petkov and Assen Vassilev.   

The second early parliamentary elections were held on July 11, 

2021. They were at the height of the summer break, but 

nevertheless "launched" the party of Slavi Trifonov to the first 

position. Again, the same six parties and coalitions fell into the 46th 

People's Assembly, but with exchanged seats GERB-UDF remained 

second, followed by "BSP for Bulgaria", "Democratic Bulgaria", 

MRF and "Stand up! Thugs out!", which changed their name to 

"Stand up BG!We are coming!" /IBGNI/. The leaders of the 2020 

protests, Nikolay Hadzhigenov and Arman Babikian, part of 

IBGNI, created a civil movement "We come!" to participate in 

political life. However, much of the change from ITN, DB and 

IBGNI again did not have the necessary 121 deputies to govern the 

country.   

The second early parliamentary vote coincided with the 

November 14 presidential election. At the head of the second 

caretaker cabinet remained Stefan Yanev. Former caretaker 

ministers Kiril Petkov and Assen Vassilev took part in the election 

race, and their seats in the executive power were taken by Daniela 

Vezieva and Valeri Belchev.   The fourth for 2021 National 

Assembly and the 47th in a row included seven coalitions and 

parties - „Continuing the Change“ , GERB-UDF, MRF, "BSP for 

Bulgaria", "There is such a people", "Democratic Bulgaria" and PP 

"Revival". IBGNI fell below the four-percent threshold. "There is 

such a people" fell to fifth place in the final standings and in a post 

on Facebook their leader Slavi Trifonov said that he will do 

everything possible that depends on him this time to have a 

government. 

On the day of the early vote, President Radev firmly said that 

the stakes are huge and will determine whether the processes of 

establishing statehood will continue or whether the backstage will 

again be given institutional power. „The first immediate and most 

important horizon is to form a government that Bulgaria needs“, he 

insisted. In his address at the opening of the National Assembly, 

Head of State Rumen Radev said that hopes for the new parliament 

are high and the stakes are fateful. It's time for a national consensus.  

"It is up to you for this parliament to close the era of transition. We 

can no longer afford to waste historical time and resources. This 

parliament - the youngest in history - has the capacity to lead 

Bulgaria on the path of freedom and modernization. "He said. On 

December 11, Head of State Rumen Radev handed the mandate for 

forming a government to the candidate for Prime Minister Kiril 

Petkov, nominated by „We continue the Change “, and he 

immediately returned it to him fulfilled. Later, the personnel and 

structure of the Council of Ministers were presented to Parliament. 

On December 13, the new government was sworn in before the 

National Assembly. Previously, MPs elected Kiril Petkov as Prime 

Minister and approved the structure and staff of the regular 

government with 134 votes in favor and 104 against in all three 

votes. Their support for the Council of Ministers (Council of 

Ministers) was given by „Continuing the Change“, "BSP for 

Bulgaria", "There is such a people" and "Democratic Bulgaria". 

"Against" were GERB-UDF, MRF and "Revival". Today is an 

important day to continue the change - of thinking and 

management, said Kiril Petkov. The government's motto will be 

"zero tolerance for corruption, for every single lev spent unduly, 

opaquely," he said. 

Along with the early parliamentary elections, regular 

presidential elections were held on November 14, 2021. President 

Rumen Radev and Vice President Iliana Iotova won a second term 

in a runoff against Anastas Gerdzhikov and Nevyana Miteva.   

Radev-Yotova were nominated by an Initiative Committee and 

supported by a wide range of political forces, including PP, ITN, 

BSP and IBGNI.   [1] 

2. Rumen Radev's Hour

The key role of President Rumen Radev during his first and 

second term is clearly visible from the data presented. What's that?  

As is known, Rumen Radev was elected by the protest vote as a 

negation of the status quo and as a carrier of change.  In a 

significant stern this is due to the circumstance that in the very first 

months of his term he managed to impose the image of himself as a 

statesman defending national interests; As a man who does not 

succumb to party influence and as a person who wins Sympathy 

both at home and abroad. For information, as early as January 2017 

in Brussels, Rumen Radev demanded the cancellation of the 

"Dublin Agreement", which does not work in Bulgaria's interest, 
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stated a firm position towards Ankara, stressing that Turkey should 

not be allowed to use the refugee crisis as a lever of power to 

influence the EU and  outlines our role in the EU and NATO not as 

an anti-Russian hawk who has taken a ridiculous posture towards 

the Kremlin, but as a worthy country in a common alliance that 

must find ways to dialogue with Russia. Thus, at the beginning of 

his term, Rumen Radev showed that he has all the qualities of a 

leader, of a strong and responsible man to the nation. His first 100 

days undoubtedly show that a strong person with a serious capacity 

of knowledge and skills to gain his personal stately profile, not 

subject to the political forces and the public situation, enters 

Bulgarian politics: "At Rumen Radev's start as Head of State, all 

analysts emphasized that the lack of political experience would find 

him unprepared for the surprises in politics and in defending the 

difficult balance between the institutions. Radev, however, turned 

out to be a very good student and for three months he not only 

mastered the balance, not only showed emancipation from any 

political aspirations, but began to build his own pedestal of the 

presidential institution, which requires the rest of the country to 

comply with it. In the presidency, however, there is no power, there 

is influence, there is strategic visionary (who can do it), there are 

places of pillars for national priorities (who sees them) and judging 

by his recent actions, Radev will do just that. Hence the strength of 

the presidential power that was absent during Plevneliev's time."  

In parallel, President Rumen Radev's behavior at the beginning 

of his term poses dangers. Why and what? It is true that Rumen 

Radev demonstrated a definite distinction from the Borisov-3 

cabinet in terms of: an assessment of the development of democratic 

processes in Bulgaria, corruption, the state of the media 

environment, election rules, deepening social injustice, the work of 

parliament and the laws adopted by the majority. However, such a 

position is a double-edged sword. Because for many of the "Unifier 

of the Nation" he is becoming more and more the "Leader of the 

Opposition". That is why his words will increasingly divide rather 

than unite. The two camps will read, each in its own bell tower, 

what he says, and will stand more and more openly and fiercely 

against each other. And their grades will never overlap. This is the 

great danger facing President Radev. The more he says what people 

want to hear from him, the more he moves away from the 

possibility of a general view of things, deprives himself of the 

privilege of staying at a distance from everyone and of this position 

of giving assessments and suggestions for solutions that concern 

everyone. Because a priori people are dissatisfied with any 

government, today - especially many, tomorrow it will probably be 

the same, but the constitutional powers of the Bulgarian president 

do not give him any mechanisms to change the status quo, except 

the weapon of speech."  

Compared to the previous presidents, who demonstrated 

political behavior based on ideological confrontation, Rumen Radev 

turned out to be the favorite of both the left and the right: "Rumen 

Radev won emphatically, although he lost 500,000 voters from the 

vote five years ago. Remarkably, he appeared as the favorite of both 

the left and the right. 96% of the Socialists, 70% of "Yes, Bulgaria", 

91% of the supporters of "Continuing the Change", over 80% of the 

people of ITN and even 72% of the supporters of " Revival " voted 

for Radev. And it was these formations, without " Revival", that 

became leading leaders for forming a regular government. The low 

turnout is not an assessment of rivals in the presidential vote - it is 

an assessment of the entire political class, which in the last decade 

has carved the horrific gap between itself and its voters. What is 

new in these elections is that, despite the desperate activity, they are 

beginning to change the political landscape. And Radev can take 

credit for this. At the same time, he should be aware that only a 

million and a half Bulgarians voted for him, the others found no 

reason to go to the polls. This fact does not matter for history, but 

Radev is extremely important for the establishment of politics. He 

was the first democratically elected president with the lowest 

support. And this fact cannot be overlooked.    

Let us not forget that President Radev has become a stimulator 

of new social processes, such as the emergence of "Continuing the 

Change". This project was initiated to a large extent by the 

President. In essence, Rumen Radev was the springboard that brings 

the unknown and inexperienced young people to the political scene. 

They draw the contours of a new political model different from the 

previous one. Objectivity requires saying that "Continuing the 

Change" is not a party in the classical sense of the word, it is a 

political project of people who follow their business interests and 

who will realize them through power. For them, as evidenced by 

their decisions, there is no left, no right. The repoliticization of 

politics that we see globally has arrived in our country. It is visible 

that the new generation of globalist politicians is rising, who are 

alien to traditional values such as kin, homeland, family, roots. In 

essence, there is a new model of policy-making that will be 

embedded in all sectors of life - education, culture, economy. The 

policy of corporations will determine the policy of parties, where 

power is taken to consume, without regard to ideologemes. "Kiril 

Petkov and Assen Vassilev as images and behavior will be the 

matrix by which the future leaders in society will be imposed - 

positive, pushy, painters of a beautiful future. They are the 

embodiment of the GENERATION "COUP", which took place in 

our country this autumn. They will lead an entirely new generation 

of politicians who will be the deterrent to the attempts of the past to 

return." [2] 

3. Causes of the institutional crisis in the period 2020-2022 

We can unequivocally say that in recent years there has been a 

crisis of parliamentary democracy and a reluctance of political 

parties to take responsibility in risky situations. Why?! The 

institutional crises in Bulgarian political life reveal eloquently its 

behind-the-scenes, hypocrisy and duality. We can safely talk about 

a "political syndrome", the features of which are reduced to the 

following: 

Politics in our country has always provided opportunities for 

almost unlimited privileges and also for advantages in business. In 

the absence of real political democracy in society, politics has 

always benefited those who deal with it. Unlike developed 

countries, where well-educated in the field of political and 

administrative spheres already rich people who have proven 

themselves in practice reach politics, in our country this is often 

done first precisely by the unproven. Therefore, if they prove 

themselves, they do not select funds. It is no coincidence that one of 

the most common versions of the failure of the transition between 

10.11.1989 recognizes the politicians – "greedy types" who have 

ruined Bulgaria. Both before and now Bulgarians hate politicians 

and do not believe what they say. They seem synonymous with 

thieving characters guilty of the catastrophic nature of Bulgaria's 

transition to capitalism. Politics is seen as a system of power-

grabbing. In other words, power is an instrument of personal gain. 

Why is that? Because in Bulgaria it is slow and difficult to make 

"big money" in an honest way. There is little opportunity in our 

national market. Huge (literally insurmountable) is foreign 

economic competition from outside. Our country is not rich in basic 

resources for the economy, which is why it must secure them from 

imports, and this makes them expensive and hindering businesses. 

Lack of consensus thinking, tolerance and partnership. 

Revanchism is enduring black in our political mores. Almost half of 

the free time of the Bulgarian political leaders goes into discrediting 

their predecessors, without any idea of continuity. The philosophy 

of political life in our country is subordinated to the ambition that 

power should be held tooth and nail. For it is not eternal, and 

whosoever he appropriates, while in power, shall do it. As a rule, 

our politicians attack their opponents by ruining and ruining 

Bulgaria for personal enrichment. Their first job, however, by 

taking power in turn, is to do the same. In her memoirs, Sultana R. 

Petrova writes: "The drama of Bulgaria has always been that the 

partisanship and the interests of the parties were superior to the 

interests of our nation."  In this particular case, we come across the 

classic division of professional politicians made by Max Weber: 

those who live "for" politics, and others who live "from" politics. 

"The former exercise politics more for prestige and a sacial stance – 
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for the sake of the fact that by serving a "deed" they give meaning 

to their lives. The latter practice it in order to ensure their socio-

economic existence and to make it a lasting source of income."  On 

this basis, Weber raises the question of the pros and cons of the 

political profession, as well as the need for sufficient remuneration 

of political and state officials in order to limit the possibility of 

corruption. For Max Weber, three are the qualities most crucial to 

politics: passion, a sense of responsibility, and a "true look." In his 

famous lecture "Politics as a Vocation", he subsequently excises in 

a separate book, Weber summarizes: "Politics means painful, 

ballroom digging into strong beams... Only he who is sure that he 

will not break if, from his point of view, the world turns out to be 

stupid or too vile for what he wants to offer him, the one who would 

nevertheless say, "and yet" – only he has the "vocation" of a 

politician." 

The Bulgarian political elite has suffered, especially in the last 

twenty years, from a lack of credit of trust. A trend leading to the 

degradation of public relations. Trust (as one of Francis Fukuyama's 

books is called) is the currency of the 21st century, and when 

politicians abuse it, the threads of creation are broken. The political 

elite in Bulgaria never understood that the people are not their 

"property". Once in the corridors of power, the empowered indulge 

in their hysterical selfishness and greed. There they suddenly forget 

where they came from, by whom they were sent to Parliament and 

what is the point of their presence in the government of the country. 

This was foreseen by Hristo Smirnenski in "The Tale of the 

Ladder". The Bulgarian rulers now live a life infinitely far from the 

existence of the people. They have long since detached themselves 

from the fate of their compatriots – and can neither understand nor 

explain it. During the years of "change" the idea of the venal and 

mercantile character of a significant part of the government, 

defending countless personal causes, but not the interests of the 

people, has become more and more obsessive. This is one of the 

great dramas of the Bulgarian transition after November 10, 1989. 

The Bulgarian people somehow easily and characterlessly allowed 

to create a political class that seems to be immune from concepts 

such as patriotism and patriotic debt. These people still maintain a 

conscious anarchy, deliberately prolonging the already painful and 

endless change. This is so, "Because the Bulgarian oligarchy, which 

is the true ruler of the state, is not left or right, blue or red. It is 

repainted and readjusted periodically before and after each change 

of power executors (apropos placed in positions by the same 

oligarchic establishment). Its motto is more than emblematic: 

"Governments come and go, we stay."  Plato spoke of three most 

used forms of government: tyranny, oligarchy, and democracy. 

According to the ancient philosopher, democracy is the most 

effective, but only when there are clear rules and when the laws are 

respected by all. If they apply only to the common people, 

democracy is the easiest to degenerate into anarchy, followed by 

undemocratic political systems. The institutional crises in Bulgarian 

society in recent years also reveal the syndromes of the Bulgarian 

intelligentsia, this time the technical one, which is ready to do 

anything to take the appropriate grants. It is no coincidence that 

freedom of speech in the Bulgarian media is practically ignored. 

Information other than the official information is produced and the 

voice of alternative theses is rarely heard. For their part, NGOs 

unleash Russophobia, a position that becomes a condition for a 

good future and prosperity. 

Objectively, Bulgarian politicians do not work for ideas and 

causes. Most of them are people without regard to the fate of the 

people and the state; people who trade with national interest, 

Bulgarian culture, education, etc. Our rulers are a function, an 

interface of Western officials. That is why it is necessary to replace 

the systemic parties (BSP, GERB, DPS), which have ruled for 30 

years and are responsible for the state of the country. Is it a 

coincidence that no decision can be taken in Bulgaria without DPS? 

Six of the president's advisers are from the DPS. There is also a 

counter-elite – the party "Renaissance". There is also a huge 

manipulation of elections, for example, machine voting. If anything 

depends on the elections, they would not be held. We must admit 

that our country has never been in such a complicated situation. 

After 1919 Bulgaria was a rural stratum and recovered relatively 

quickly. The peasant is then the backbone of the state. Today we see 

alienation from the earth. It is no coincidence that the first thing in 

the Ran plan is the eradication of rural Storanism. Or the demagogy 

of "green energy". The closure of Bulgarian thermal power plants 

will lead to complete energy dependence. There is the "energy 

starvation" factor, which corresponds to the desire to reduce the 

population of the planet. If there is no energy, there is no 

production, and hence a demographic crisis. 

In the new 130-year history of Bulgaria there is little 

effectiveness of the political process.  That is, the mistakes and 

failures of the Bulgarians are far more than the victories and 

defeats. Several facts visible at first glance: the Bulgarian soldier 

won in the twentieth century in all battles, and official policy did 

not win any of the fought wars, including the Cold War; In the 

global conflicts of the last century, the Bulgarian state enters, as a 

rule, with the coalitions of the losing countries; Every new 

Bulgarian generation starts practically from scratch, because what 

was created by previous generations is destroyed. Reference – the 

purge after 9 September 1944 and after 10 November 1989; And 

last but not least, why in the plundering of a national treasure 

amounting to about $ 200 billion, there is not a single convicted 

criminal. In the nineteenth and twentieth centuries, the Bulgarians 

found themselves on the losing side: the Liberation did not bring 

unity to the Bulgarian nationality, the attempts for national 

unification did not give the expected result, and there was no 

internal national reconciliation. We see the same thing today. 

Revanchism has not stopped since November 10, 1989. "Spitting" 

and taking out dirt is on a rotational principle, and after every 

election follows the same paradigm: "those were bad, we are good." 

Conclusion  

In a poor society like the Bulgarian one, democracy cannot be 

stable. This is shown by practice since Aristotle. That is why, when 

crisis processes occur, serious public circles turn to the theory and 

practice of political parties that promise more state intervention and 

lasting budget commitments. "Bulgarians do not just need a 

democratic state. It needs an "effective democratic state" in which it 

necessarily bears more responsibilities (compared to the example of 

the state in some of the great powers) for the development of 

national production and the high standard of living associated with 

it.  It is no coincidence that the mass Bulgarian feels helpless to start 

a successful private business and is not inclined to entrepreneurial 

risk. This is due not only to the idea that it is difficult to do a 

serious, successful business in an honest way, but also because it 

does not provide support from the state. 

In summary, it can be said that the political syndrome also 

reveals peculiarities of the Bulgarian political elite, which for the 

most part turns out to be provincial and unripe to fulfill its 

responsible public mission. His profile is dominated by scheming 

and backstage dealing, and it is increasingly difficult to find real 

moral people. So we should not be surprised that Bulgarians very 

rarely trusted their politicians and, in the words of Anton 

Strashimirov, always harbored hidden hostility to any government. 

 

This research work was conducted as part of the project KP-06-

H35/14  - FNI, BG 
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1. Introduction 

Digital transformation is a topic of wide public interest and 

importance not only for the industry (Industry 4.0), but also for the 

government sector. Digitalization of various public services is a key 

component in the development of e-government [1]. The burst of 

the COVID-19 pandemic emphasized even more the importance of 

digital transformation. Despite the undeniable negative 

consequences of the pandemic on people‟s life and overall well-

being, it should be noted that this huge challenge had a positive 

effect on the path to digital transformation. The business was forced 

to digitalize many services sooner than planned. Take the 

tremendous change in the bank industry, for example [2]. Policy 

makers also had to speed up their plans for the development of 

electronic public services and the improvement of already existing 

ones. 

There are many complex factors that influence e-government in 

terms of speed of development and quality of the provided services 

[1]. Citizens are the main users of mobile applications or other types 

of electronic services in the government domain. Their opinion, 

pain points, needs and overall satisfaction with the provided 

services are key to the successful implementation of digitalization 

across the government sector. Hence, for policy makers it is highly 

important to develop efficient methods for studying and analyzing 

public opinion. Digitalization of public services in Bulgaria has 

been a controversial topic which gained a lot of attention in the 

recent years. The analysis of public opinion on this hot topic has 

been mainly performed with the help of surveys and in-depth 

interviews.  

The main aim of this paper is to use unconventional apparatus 

to mine public opinion on digital transformation in the Bulgarian 

government sector. The proposed approach relies on the application 

of natural language processing and text mining techniques. The 

study aims at discovering the sentiments and emotions freely 

expressed by citizens in popular social media websites in Bulgaria. 

Several topics of public interest are analyzed and insights on public 

perception of aspects of Bulgarian e-government are derived. 

Furthermore, benefits and limitations of using sentiment lexicons 

for mining public opinion are outlined. 

2. Related Work 
In this section, we provide a brief review of related work in the 

field of public opinion mining in the government domain as well as 

a summary of current methodologies for the application of 

sentiment analysis on textual data. Rongxuan, Bin and Jianing [3] 

propose an analytical approach for the analysis of public reviews 

about government apps. The authors utilize deep learning 

techniques to develop an aspect-based sentiment analysis system. 

The practical implications of the study are important in the e-

government domain since the developed system is capable of 

capturing users‟ emotional needs and reactions to features of 

government apps. In [4] is proposed a business intelligence system 

aimed at tracking citizens‟ discussions, opinions and general 

satisfaction with policies of the Mauritanian government. Authors 

employ sentiment analysis techniques and develop a dashboard in 

an attempt to help the government in easier tracking of topics of 

public interest and sentiment polarity of public comments posted in 

social networks. 

In [5] are analyzed citizens‟ tweets about the “Digital India” 

initiative. Citizens‟ attitudes towards the campaign are first 

manually labeled into several categories followed by the application 

of techniques for descriptive analysis and discovery of verified 

Twitter accounts (for example, the Twitter page of Digital India) 

which received highest number of supportive/criticizing comments. 

In [6] is proposed an analytical approach for detection of 

propaganda against e-government. Deceiving information posted 

online carries major reputational risks and might have a huge 

impact on the development of digital public services. The proposed 

approach in [6] relies on the application of sentiment analysis 

techniques in order to detect hidden social networks and analyze in 

detail the negative comments about government services and the 

connections between users who wrote them. The main aim in [7] is 

to develop a sentiment analysis system that incorporates a neutrality 

detector model in the analysis of user opinions of an online payment 

system used by the government sector in Jordan. Authors create a 

sample of public comments posted in Facebook and Twitter which 

are manually annotated as expressing “positive”, “negative” or 

“neutral” sentiment. The proposed approach relies on the 

application of machine learning techniques for sentiment 

classification. 

Sentiment analysis is a broad research field focused on the 

extraction and analysis of people sentiments, opinions and attitudes 

expressed in textual data towards various topics of interest [8]. In 

[9] the sentiment analysis field is broadly divided into two related 

but different concepts – namely, opinion mining and emotion 

mining. Opinion mining mainly concerns the analysis of expressed 

sentiments in their polarity utilizing three main sentiment categories 

– positive, negative and neutral. This task is also known as opinion 

polarity classification [10]. On the other hand, emotion mining 

concentrates on the emotions reflected in a given text [9]. Emotions 

can be described utilizing a wider range of categories far beyond 

classifying them as only positive, negative or neutral. For example, 

emotions expressed in a given text might be categorized as joy, 

anger, fear etc. 

Despite the difference in sentiment categories, both opinion 

polarity classification and emotion mining might be accomplished 

using similar methodologies in the text mining field. One very 

popular and established approach for sentiment analysis relies on 

the application of sentiment lexicons. These are dictionaries that 

contain words and phrases associated to positive or negative 

sentiments. Furthermore, the scope of such dictionaries might be 

broadened to include also emotions [11]. Among the most popular 

sentiment lexicons are SentiWord [12], VADER [13], NRC [11], 

AFINN [14] and other. The major advantage of using sentiment 

lexicons is that they are easy to use, fast and the results can be 
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easily understood and explained. Lexicons are a common choice in 

completely unsupervised settings when labeled data is not available 

or expensive to obtain.   

Another general approach for sentiment analysis includes the 

application of machine learning techniques. Such methods are 

suitable in use cases when training data is available. Some of the 

most popular algorithms for sentiment text classification include 

Logistic Regression, the Naïve Bayes algorithm, Support Vector 

Machines (SVM), as well as different techniques from the deep 

learning field. In the past few years, another approach for sentiment 

analysis has emerged. The Transformer architecture [15] proposed 

by Google in 2017 combined with concepts from transfer learning 

led to the development of the so-called “pre-trained models”. The 

last are trained on large volumes of data and might be utilized in a 

wide range of problems in the natural language processing field 

including sentiment analysis. 

3. Methodology 

The main aim of this study is to employ natural language 

processing and text mining techniques in order to discover the 

sentiments and emotions expressed in citizens‟ discussions 

regarding aspects of digital transformation in the public sector of 

Bulgaria. To accomplish the main goal, public comments and 

discussions posted in various social networks used in Bulgaria were 

scraped. As a next step a dictionary of carefully selected keywords 

was developed – the selected words are related to several topics of 

interest regarding digitalization in the public sector (in general) and 

the usage of digital public services. Data were filtered based on the 

keywords in the dictionary. Public comments in the following ten 

topics were extracted from the scraped data: 

1. E-government/E-governance; 2. Usage of Personal Identification 

Code (PIC)/National Revenue Agency (NRA)/National social 

security institute (NSSI); 3. Various administrative services (for 

example, issue of Criminal Record Certificate, change of permanent 

address, insurance status check etc.); 4. Electronic prescriptions 

and medical referrals; 5. e-Health/Electronic health services; 6. 

Distance learning in schools; 7. Distance learning in 

universities/Online lectures; 8. Online enrollment in 

university/schools (paying fees online); 9. Traditional classroom 

learning (face to face); 10. Usage of online gradebook. 

After data filtering according to the chosen ten topics, textual 

data were processed in order to create a sample suitable for further 

analysis. Public comments and discussions in social networks are 

completely unstructured data often characterized by a lot of noise 

(the opposite of official documents which often follow a particular 

structure and have few misspellings or unusual observations). For 

this reason, an important step before the actual data analysis is to 

apply techniques for text data processing and cleaning. The 

following natural language processing tasks were performed during 

this phase of the current empirical study – case normalization; 

removal of URLs and fragments left from the data scraping process; 

removal of digits and special characters; removal of some patterns 

which are typical for textual data in social networks but are not 

relevant for the current analysis; word tokenization. 

In the previous section were mentioned the general 

methodologies for the application of sentiment analysis. Sentiment 

lexicons represent a straightforward, fast and simple approach for 

mining public sentiments. Furthermore, many of the available 

lexicons are most suitable for application on textual data from social 

networks/discussion forums on the Internet. For these reasons, the 

current research employs the lexicon-based approach for 

discovering sentiment polarity and emotions expressed in citizen 

discussions. Most of the available sentiment lexicons are developed 

for textual data in English. To the best of the authors‟ knowledge 

there is only one publicly available sentiment lexicon developed for 

textual data in Bulgarian. It is developed by Kapukaranov and 

Nakov on movie review data [16]. However, the lexicon‟s domain 

is substantially different than the data domain in the current study. 

For this reason, data were translated to English (original text data is 

in Bulgarian) in order to broaden the scope of potential sentiment 

lexicons that might be utilized.  

The previous section already mentioned some of the most 

widely used sentiment lexicons. However, most of these resources 

perform only sentiment polarity categorization meaning that each 

text receives a score which tells whether the text implies overall 

positive/negative/neutral sentiment. Since the current study aims at 

discovering not only the polarity of expressed sentiments towards 

digitalization in the government sector, but also the emotions of the 

general public, the NRC Emotion Lexicon is utilized in the 

empirical experiments. This dictionary contains approximately 27 

000 English words associated to eight basic emotions (anger, fear, 

anticipation, trust, surprise, sadness, joy, and disgust) and two 

sentiments (negative and positive). More details regarding the 

lexicon and its development could be found in [11]. 

The application of the NRC lexicon on textual data is simple 

and straightforward. A given word which is part of the lexicon 

might be associated with several emotions. For example, the word 

“love” might be associated with both the “positive” sentiment 

category and the “joy” emotion category. For each textual 

observation (comment) in the sample, the sentiment lexicon 

generates a list of associated emotions. This list is based on the 

words comprising the text. After taking into account all the words 

part of a given text that are also part of the lexicon, each 

emotion/sentiment category is associated to its corresponding 

frequency of appearance in the given text (“Emotion Score” - 𝐸𝑆). 

For example, if for a given text the frequency of appearance of the 

“joy” emotion is 0.5 while the frequency of other emotions is less 

than 0.5, then this text will be categorized as expressing mostly 

“joy” emotions. Here is an example of how the calculation of the 

“Emotion Score” (𝐸𝑆) will be made for the text document 𝑑𝑖  and 

one of the emotion categories (for example, “joy”): 

  𝐸𝑆𝑖  ("𝑗𝑜𝑦") =
𝑝𝑖
𝑄𝑖

  (1) 

𝑝𝑖  – number of words in the document 𝑑𝑖  which are associated with 

the “joy” emotion (count of the “joy” emotion); 

𝑄𝑖  – sum of the count of each emotion/sentiment presented in the 

document 𝑑𝑖 ; 

𝑑𝑖 ,𝑤ℎ𝑒𝑟𝑒 𝑖 ∈ 1. . .𝑁 – document 𝑑𝑖 . The overall number of text 

documents in the sample is denoted by 𝑁. 

The Emotion Score is simply the frequency of appearance for a 

given emotion/sentiment in a text document. After applying the 

lexicon on data, each public comment in the sample is associated to 

a list of corresponding ten Emotion Scores (eight emotion 

categories + two sentiment categories). Then, each document is 

labeled with the emotion/sentiment category which received the 

highest Emotion Score (the most prevalent category in the 

document). It is important to note that one document might be 

associated with several prevailing emotions/sentiments. A drawback 

of sentiment lexicons is that they are limited to the number of words 

they include. When in a given text document cannot be found words 

from the NRC dictionary which are associated with a given 

sentiment/emotion category, then the Emotion Score for this 

category is set to zero. This means that there might be documents 

that cannot be classified into any of the respective 

sentiment/emotion categories. 

4. Empirical Study 

To accomplish the main goal underlying the current study, 

public comments were scraped from various Bulgarian social 

networks. Then, keyword filtering was applied on data in order to 

extract comments on chosen ten topics of public interest as 

described in the previous section. The final sample (after data 

filtering) contains 3072 public comments divided into 10 topics 

(groups). Comments were published in the time period from July 

2019 to January 2022. Table 1 reveals the six most common social 

networks included in the sample. It can be seen from Table 1 that 

there is one dominant social network - almost 83% of the public 

comments were published in “bg-mamma.com”. Indeed, this is 

probably one of the most popular discussion forums in Bulgaria 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

114



where people share their thoughts on various subjects (lifestyle, 

economics, politics, parenthood etc.). 

Table 1: Most common social networks included in the sample 

Social network Frequency  

bg-mamma.com 82.58% 

dnevnik.bg 3.35% 

kaminata.net 1.66% 

magelanci.com 1.46% 

kaldata.com 1.24% 

forum.clubpolitika.com 1.24% 

 

 

 

Fig. 1 Most commonly used words in discussions about electronic 

prescriptions and medical referrals (word cloud) 

 

Word cloud visualizations like Fig. 1 are created for each of the 

ten groups of citizen comments. The size of words on the graph 

reflects their frequency (bigger words on the graph appear more 

frequently in text data). Such visualizations provide more context 

and are very helpful in gaining an insight into the contents of a 

given sample of textual data. Since the groups of comments are 

created based on keyword filtering, we already know the main topic 

in discussions part of a given group. Fig. 1 confirms that this group 

contains discussions mainly about health and electronic 

prescriptions/referrals (directions). The word “not” appears to be 

one of the most frequently used words in this group of comments 

which means that people have often used negation when sharing 

their opinion.  

Table 2 reveals the dominant sentiments and emotions in the ten 

topics of public interest analyzed in the current study. For each 

public comment in a given group is calculated the Emotion Score 

(ES) for each sentiment and emotion. Then, each comment is 

associated to the most dominant sentiment/emotion category(-ies) 

based on the derived Emotion Scores. It is important to note that 

several emotions/sentiments might prevail in a given public 

comment. The dominance of emotions/sentiments calculated as a 

percentage is illustrated in Table 2. For example, the first row in 

Table 2 reveals that “fear” is a dominant emotion in 7.46% of all 

comments about E-government and E-governance. The sum of rows 

might exceed 100% due to the fact that one comment might be 

associated to more than one emotion/sentiment category. 

The first observation that can be made based on the results in 

Table 2 is that people have predominantly used positive words in 

expressing their opinion. The usage of positive words (associated 

with positive sentiments) is far more frequent compared to the 

usage of negative words and this observation is valid for all the 

topics analyzed in the current study. In only two of the groups are 

observed similar frequencies of the comments expressing positive 

sentiments and those expressing negative sentiments – these are 

discussions about E-government and E-governance and electronic 

prescriptions and medical referrals. It can be seen from Table 2 that 

all emotions are represented in almost all of the analyzed topics. In 

only one of the groups (discussions about various administrative 

services) people haven't used any words associated with the 

emotions of surprise, joy and disgust. 

In Table 2 with green color are indicated the most dominant 

emotions and sentiments in each of the analyzed topics. Obviously, 

the emotions of trust and anticipation prevail in almost all the topics 

of public interest. For example, “trust” is a dominant emotion in 

almost 70% of the comments associated to usage of personal 

identification code for online services (nevertheless, it should be 

noted that this group contains less than 30 observations). Still, other 

emotions could be also detected – for example, fear and anticipation 

are equally represented in public comments about electronic 

prescriptions and medical referrals. In discussions regarding the 

usage of online gradebooks, people have used words associated 

with the emotions of trust and joy, but also fear. It appears that the 

topic about electronic prescriptions and medical referrals contains 

more negative sentiments than rest of the groups (presence of 

sadness and fear is also detected). This observation is also 

supported by the findings made in the word cloud analysis in Fig. 1. 

Furthermore, in the other group related to healthcare services (e-

Health/electronic health services) anger dominates in 14.29% of all 

comments. This is the only topic in which this behavior is observed 

but it should be noted that the group contains less than 30 

observations. 

Additional experiments are carried out with the aim of 

calculating the percentage of words in discussions on a given topic 

related to each emotion/sentiment category. Fig. 2 reveals that 

around 19% of words (with repetition) used in discussions about 

electronic prescriptions and medical referrals carry positive 

sentiments, while 15% are associated with negative sentiments. In 

rest of the groups, it is observed a much larger difference between 

the presence of these two sentiments (in favor of the positive 

sentiment category). This is another indication that the opinions in 

this particular group are rather divided. Similar graphs like Fig. 2 

are produced for the rest of the analyzed topics. The additional 

experiments reveal analogous results as those reported in Table 2 - 

trust and anticipation are the most dominant emotions in citizen 

discussions about digital public services.   

 

Fig. 2 Percentage of words (with repetition) related to each 
emotion/sentiment category in discussions about electronic prescriptions 

and medical referrals  

5. Discussion and Conclusions 

The main aim of the study is accomplished. Several topics 

related to digital transformation in the Bulgarian government sector 

are analyzed in detail and insights on public perception of aspects of 

the Bulgarian e-government are derived. Natural language 

processing techniques are used to discover the main sentiments and 

emotions contained in opinions freely expressed by citizens in 

popular Bulgarian social media websites. However, it is important 

to note that empirical results may not reflect the entire Bulgarian 

population, but rather people who frequently use social networks. 

Another limitation is that data are scraped from the Internet and 

then filtered according to a set of specific keywords. Therefore, the 

empirical study may not include all the available data in discussion 

forums related to the chosen topics of public interest. 
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The analysis reveals that the most dominant emotions conveyed 

in words people used to express their opinion are trust and 

anticipation. The last is valid for all the topics analyzed in the 

current study. This finding is not surprising since trust in the 

provided services is one of the most important factors which 

determines whether they will be used at all. Citizens anticipate 

efficient and reliable digital public services which will serve their 

needs and meet their expectations. Lack of trust in electronic public 

services will slow down the process of their adoption having a 

strong negative impact on digital transformation in general. Apart 

from the interesting insights on dominant emotions in public 

discussions, a result that rather came as a surprise is that few 

negative sentiments were detected in data. Apparently, people have 

not used many words associated to negative sentiments. However, 

this does not necessarily mean that they have not actually expressed 

a negative opinion since the NRC lexicon does not take into account 

negation.  

Another limitation is that sentiment lexicons take into account 

only the words and phrases they contain. This means that citizens 

might have also used other words that express sentiments/emotions, 

however, these will be omitted in the analysis. Furthermore, some 

emotions might be better represented in the NRC lexicon (in terms 

of number of associated words) than others. A future direction of 

the current study is the utilization of pre-trained models and transfer 

learning for sentiment analysis in the government domain. Such 

approaches are suitable for unlabeled data and are able to capture 

the contextual meaning of words in text documents. 
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Table 2: Dominance of sentiments and emotions in each group of discussions. For example, the first row reveals that “fear” is a dominant emotion in 7.46% of 

all comments associated to E-government and E-governance. 

Topic Count Positive Negative Fear  Anger Anticipation Trust Surprise Sadness Joy Disgust 

E-government/E-

governance 
201 56.22% 34.83% 7.46% 3.99% 9.45% 23.38% 3.48% 4.48% 1.99% 2.49% 

 PIC/NRA/NSSI 26 34.62% 15.38% 3.85% 3.85% 15.38% 69.23% 3.85% 3.85% 3.85% 3.85% 

Various 
administrative 

services 

109 55.05% 21.10% 2.75% 0.92% 7.34% 37.61% 0.0% 4.59% 0.0% 0.0% 

Electronic 

prescriptions and 
medical referrals 

98 51.02% 34.69% 11.22% 2.04% 11.22% 37.76% 1.02% 6.12% 4.08% 1.02% 

e-Health/Electronic 

health services 
28 71.43% 28.57% 10.71% 14.3% 14.3% 28.57% 10.71% 10.71% 10.71% 10.71% 

Distance learning in 

schools 
1610 74.16% 12.92% 2.60% 0.75% 10.0% 21.68% 1.12% 2.11% 1.43% 0.99% 

Distance learning in 
universities/Online 

lectures 

249 82.73% 10.84% 1.61% 1.20% 16.06% 8.84% 1.20% 0.80% 3.21% 2.01% 

Online enrollment in 

university/schools 
77 80.52% 20.78% 3.89% 2.59% 3.89% 16.88% 1.29% 3.89% 2.59% 1.29% 

Traditional 
classroom learning 

(face to face) 

609 59.28% 22.17% 3.78% 0.66% 28.24% 21.02% 1.31% 3.45% 1.81% 1.15% 

Usage of online 

gradebook 
65 84.62% 6.15% 9.23% 6.15% 6.15% 44.62% 6.15% 6.15% 12.31% 6.15% 
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1. Introduction 

According to the Ministry of Labor and Social Protection, the 

unemployment rate among young Kazakhstanis aged 15 to 28 in the 

second quarter of 2022 reached 3.8% compared to 3.7% a year 

earlier. The most critical situation is in Almaty (5.6%). Slightly 

better indicators are in the Karaganda region (4.8%), and Astana 

(4.6%) [1].  

It is alarming that a significant part of these young people are 

educated, intellectually developed and motivated to work. Part of 

those who have used government grants for young people to 

implement the new business ideas is also small. 

In my opinion Kazakhstan universities still did not make any 

steps to find and train students who can create jobs. 

2. Achieved results 

Meanwhile Almaty University of Power Engineering and 

Telecommunications already has experience in implementing 

special educational programs, Minors. Until 2022 the Minors were 

aimed at developing specific competencies within the selected 

majors to increase the competitiveness of the graduates in the labor 

market, and there were certain successes in this direction.  

Since 2022 there is a new Minor offered to the 2nd and 3rd year 

students that is focused on training the future entrepreneurs who are 

enough motivated and skilled to create new jobs.  

This Minor is implemented as a two-year educational program 

consisting of four 5-credit modules. The program is designed to 

develop financial, economic, management and digital skills. At the 

moment of writing this article the students have completed 50% of 

the Minor (2 of 4 modules), and this article besides everything else 

is intended to comprehend the results achieved and initiate 

improvements in the final stage of training. 

Brief information on the Minor is presented below. 

Title: "Entrepreneurial Projects and Startups".  

Implementation period: 2022-2023 

Modules: 

- Entrepreneurial projects: implementation, management, risks; 

- Finances for non-financiers; 

- Project management, Agile and other methods; 

- Digital marketing and SMM: basics and tools. 

The educational process includes lectures and practical classes. 

Practical classes are designed on a project-based approach to 

learning. The students’ independent work includes participation in 

competitions, conferences, meetings with the entrepreneurs, 

hackathons and startup clubs held by the University’s departments 

and the Office of Science. 

Despite the relatively short duration the Minor builds up the 

knowledge from scratch and helps solving practical problems such 

as giving skills and developing the competencies in a narrow range 

of tasks that will be in demand in the near future. Given the above, 

the assessment of the students’ educational achievements was 

carried out in accordance with the first levels of the Kirkpatrick 

Model [2], which is also used by the employers who want to 

evaluate the industrial training. 

The first level of the Kirkpatrick Model aims to answer the key 

question of whether the participants liked the training, and it was 

conducted on the basis of a questionnaire among 35 students who 

completed the full course, the result is shown in the Figure 1. 

 

Figure 1 – Estimation of the return on expectations  

(1st level of the Kirkpatrick Model). 

 

Although the Minor program did not require in-depth initial 

knowledge of the subject, there were several students with some 

experience in business, and for them the program was upgraded 

with adjustments to systematize and improve competencies they 

already had. The result can be considered positive for 98% of 

participants of the survey. 
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Figure 2 – Evaluation of the results  

(2nd level of the Kirkpatrick Model). 

 

Figure 2 shows how the students’ knowledge changed during 

the learning process. It should be noted that the complexity of the 

control tests increased at least for 25% each time. 

The students describe the dynamic in their learning as 

following: 

1) “It helped us form a new business-orientated mindset”. 

2) “We have learned how to make business plans and calculate 

various risks in projects”. 

3) “We got financial literacy skills”. 

During the training the students were encouraged to participate 

in the University’s competition “Lean learning and working” which 

included selection and further realization of the most relevant 

innovative projects, the implementation of the developed ideas into 

the University’s daily operations, as well as the development of 

entrepreneurial and creative activity of the participants. Out of 95 

students enrolled in the Minor program, 5 students won prizes in 

mentioned competition. 

The diagram on Figure 3 shows the detection of the weaknesses 

in the educational process and identification of growth opportunities 

based on the analysis of the feedback. 

The orientation of the Minor towards the future professional 

activity was estimated by the students as 74.3% which considers 

that it is necessary to increase the variety of the Minors so each 

student would be able to choose the one matching his career plans. 

The unexpectedly low result of the course meeting the students' 

expectations (87.1%) indicates an insufficient level of 

communication with students who apparently did not have complete 

information on the content of the Minor. 

Figure 3 – Learning quality monitoring indicators  

 

Where: 

1.1 Matching the course to your expectations 

1.2 Orientation of the training course to your future professional 

activity; 

1.3 Relevance of information,  

1.4 Compliance with the content and program of the course; 

1.5 Novelty of the material; 

1.6 Contributing to the improvement of personal qualities; 

1.7 The possibility of using the acquired knowledge and skills in 

your current/future activities; 

1.8 The quality of the accompanying material (syllabus, 

manuals, and so on). 

2.1 The ability of the teacher to interest the audience and 

establish contact with it 

2.2 The teacher's ability to present the material in an accessible 

way (diction, clarity and consistency of presentation) 

2.3 Level of knowledge of the material 

The “Novelty of the material” indicator level of 85.7% meet the 

expectations as it shows the diversity of opinion amongst the 

students depending on their involvement in the entrepreneurial 

processes. 

3. Conclusion 

The evaluation of the next levels of the Kirkpatrick Model will 

be carried out once the students finish the full course. However it is 

already possible to draw some conclusions: 

1. The new form of individualization of learning based on 

Minors has proven its effectiveness. 

2. It is necessary to work to increase the variety of Minors for 

the students to offer. 

3. The implementation of Minors focused on the development 

of entrepreneurial skills meet the market requirements and is in 

demand among the students. 

4. It is necessary to actively implement innovative learning 

tools (including technical tools) to engage more students in the 

learning process and improve the transmission of knowledge. 

In addition we should note that top managers in the real sector 

of economy now want to see their employees not only as performers 

but as entrepreneurs, too. Employees are taught to think like 

entrepreneurs, offer new business ideas and constantly think about 

improving the existing business. The “initiative causes punishment” 

concept should be completely replaced in the minds of employees 

by the concept of entrepreneurial initiative. Thus, even those 

graduates who will not be able to realize themselves as 

entrepreneurs will have certain bonuses as employees. 
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Abstract: The research problem refers to the consequences of the 3rd industrial, digital, revolution on society and individuals and their 

(consumer) identity: digital intergenerational gap, technological dependence, technological influence on the behavior and (consumer) 

identity of individuals and the authoritarian (demotivational) effects of contemporary consumerism. The research subject is the influence of 

"high-tech culture" [21] on society and individuals and their (consumer) identity. The main hypothesis is that the impact of digital 

civilization and culture on society and individuals and their (consumer) identity is ambivalent (de/-humanistic). The scientific goals are: 1) 

description of the polyvalent impact of digital civilization and culture and computer communication, as well as technological accessories for 

communication; 2) understanding the digital generation gap and the analogy between (virtual) social groups: "digital natives" and "digital 

immigrants" [21] and "netocrats and consumtary" [8], as contemporary consumers; 3) scientific explanation of the authoritarian and 

emancipatory effects of high-tech culture and consumerism on contemporary consumers; 4) scientific prediction of new, digital, slave 

ownership, as a consequence of the development of robotics within the framework of the 4th industrial revolution. The social goals are: 

expanding knowledge about digital civilization and culture and 2) pragmatic explanation of the dis-/functional consequences of the 3rd and 

4th industrial revolution. Desk research [9; 5] is used as a method of collecting and analyzing data from previous research, along with 

methods of observation, deduction, induction, abstraction, concretization and synthesis. Results are achieved goals. 

Keywords: DIGITAL CIVILIZATION; DIGITAL CULTURE; (CONSUMER) IDENTITY; NETOCRATS; CONSUMTARY 

1. Introduction 

"People have always been much better at 

inventing new tools than using them wisely" [7, p. 

26].  

The invention of the steam engine (1769), at the end of the 18th 

century, marked the beginning of the 1st industrial revolution in the 

textile industry in England. Water and steam were used to 

mechanize production. In the second half of the 19th century, in 

America, the 2nd industrial revolution followed, thanks to the 

invention of the alternating polyphase system (1887) by the genius 

scientist of Serbian origin and worldwide importance, Nikola Tesla, 

and the use of electricity, but also oil, as the main energy source. 

Electric power was used for mass production. With the invention of 

the alternating generator, the high-voltage transformer and the 

asynchronous motor, Tesla created the conditions for the 

transmission of electricity over long distances, allowing factories to 

no longer have to be built close to the power source, but to be built 

in places where there is a workforce. The first and second industrial 

revolutions can also be called high-carbon revolutions, due to the 

high emissions of carbon dioxide (CO2) because most of the 

electricity was produced and is produced from fossil fuels (coal, oil 

and natural gas), causing climate change. 

Hence, the next, 3rd industrial revolution, better known as 

digital, which followed in the 1980s, and uses electronics and 

information and communication technologies (ICT developed after 

an invention of the Internet in 1969) for production automation. 

This revolution takes place under the sign of the demand to be low-

carbon, in order to re-establish the balance of the ecosystem, based 

on digital technologies (computers and information and 

communication technology - ICT), which would change the way of 

obtaining and producing energy and enable the realization of 

sustainable communities. And N. Tesla had a solution for that 

(according to Abramovic), in the form of free energy, with which 

he experimented via the Wardencliff tower. Huge energy potentials 

(electricity) from the ionosphere can be recycled over the earth, in a 

resonant way, which would supply the earth with electricity, which 

we could draw from the earth through antennas. The electricity on 

the apparatus does the necessary work and returns again, in electro-

magnetic form, to the electro-physical system of planet Earth. That 

would be clean energy because it has no conversion, that is, because 

it is not converted into some other energy, so it does not leave 

harmful consequences, such as radioactive waste. This is in 

accordance with green transition and green consumerism, which 

refers to ''consumer activities that should be accompanied by 

environmental awareness about the importance of preserving public 

goods (primarily natural) from which everyone benefits“ [17, p. 48].    

The term 4th industrial revolution was first used by Klaus 

Schwab, director of the World Economic Forum, in 2015, talking 

about merging technologies to erase the boundaries between the 

physical, digital and biological spheres. The removal of barriers 

between people and machines can be made with the help of 

artificial intelligence, nanotechnology, IoT (Internet of things), 

robotics, 3D printers, biotechnology, smart cities and similar 

technologies in development. According to Georg Spöttl and Lars 

Windelband, ''there are many definitions of „Industry 4.0‟. A 

comprehensive one is that „Industry 4.0‟ is the current trend towards 

automation and data exchange in manufacturing technologies which 

are based on digital technology. It includes „Cyber-Physical 

Systems‟ (CPS), the Internet of Things (IoT) and cloud computing, 

and has an impact on all economic sectors” [22, p. 29]. 

2. Theory and Methods 

Jean-Francois Lyotard presented a theory about the 

development of post-industrial society and postmodern culture at 

the end of the 1950s (after the construction of computer in 1946), 

based on the development of science, technology and changes in 

language ("language games") [6]. „Game is praxis, an activity 

which contributes to the feeling of satisfaction ond joy“ [19, p. 185; 

for more see: 18], and includes use of habitus and of capital in the 

field i.e. in the market. Organizing social life in the postmodern 

context is done through language games, which are used as a move 

or a means of legitimizing and/or justifying the truth and 

correctness of people's statements and actions, with the aim of 

winning. Language games are performed through narratives, i.e. 

telling stories, because this is how the rules and norms on which the 

social order is based are transmitted (socialization function). 

Under the influence of the Enlightenment, narrative language 

games were replaced by scientific denotative games (the search for 

truth). That is why in modern society statements (and actions) are 

subjected to rational argumentation, proof and scrutiny by others, in 

order to determine whether the statement should be accepted or 

rejected. 

Science is not able to completely reject narratives, because of its 

purposiveness (society-oriented). Hence, it is based on meta-

narratives, which give meaning to other narratives, providing the 

purpose (justification) of scientific research. Some of such meta-

narratives are about human emancipation and self-actualization, and 

about social progress, about an ideal society ("classless society", 

"Aryan society") and the like. However, with the advent of 

postmodernism, the scientific denotative language games are 

abandoned, in favor of technical language games, which are 

performed according to the principle of usefulness and efficiency. 

Hence, the technical means by which something can be achieved 

are important, not the final goals of human activity. "For example, 

at universities, researchers ask what is the benefit of something, not 

whether it is true. Research is directed into the production of 

marketable knowledge" [6, p. 1071]. 
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In postmodernism, computer technology has become the main 

productive force [6; 3, p. 111]. ICT have become the center of 

social life, because they are used to monitor and punish, or control 

knowledge, as the main source of power, in relation to territories. 

"Knowledge is no longer an end in itself, but something that can be 

bought and sold, something that can even be fought for. For 

Lyotard, postmodern society is based on the production and 

exchange of marketable knowledge" [6, p. 1071]. The focus is on 

the question of the efficiency of the products of human labor and 

their ability to sell (properties of goods). 

Lyotard sees a lot of advantages in postmodernism (pluralism, 

creative diversity and tolerance), considering that the modernist 

search for truth led to the terror of totalitarian regimes (repression 

under Hitler in Nazi Germany and under Stalin in the communist 

USSR). The advantage of the new information economy (industry 

and knowledge society - Anthony Giddens) is that information, as a 

new resource, is only multiplied during sharing (market exchange), 

and not alienated (Marx) by the one who produces it, as in the 

standard commodity production. In the new economy "in which 

knowledge becomes true capital and the basic source of wealth 

production" [10, p. 54], scientific workers ("knowledge workers") 

are needed who create value and wealth, but not with monetary but 

with cultural capital (intellectual, educational). 

Today's IT sector is developing on the basis of Tesla's 

inventions from the 19th and 20th centuries. We still use Tesla's 

patents in the 21st century (according to Abramovic): 1) wireless 

transmission of energy and signals (mobile phone, satellite 

television, satellites in orbit, communication with the orbital 

station), 2) remote control (so-called feedback loop as a basis of 

robotics, radio transmission), 3) a logic circuit for information 

triage to get the correct information (no computer hardware can do 

without that logic circuit). Furthermore, "In 1961, two American 

electrical engineers, Jack Kilby and Robert Noyce, discovered 

something that led to our high-tech revolution – the silicon chip” 

[20 , p. 12]. All these innovations are the result of the unique 

(digital) civilization of mankind. "The term digital essentially 

means any signal that is transmitted in plus-minus code, also known 

as binary" [20, p. 12]. 

There is a problem of how to put digital innovations into the 

function of improving living and working conditions, while keeping 

capital under control. Thanks to new technologies and the network, 

which has no geographical limitations, the market has opened up to 

everyone, because with the advent of the Internet, many barriers no 

longer exist, which has created the possibility of replacing a local or 

regional identity with a multicultural or global identity. 

Identity is "a sense of belonging that develops when a child 

begins to differentiate himself from his parents and family and 

when he takes his place in society" [according to Jary & Jary, 1991 

in: 6, p. 885]. According to Stuart Hall [6, p. 923], the postmodern 

subject is characterized by the existence of "fragmented identities", 

because "people no longer have a single idea of who they are, but 

possess several identities, sometimes contradictory or unresolved. 

Furthermore, globalization is one of the causes of fragmented 

identities, since advances in communications and "global 

advertising of styles, places and images can lead to the effect of a 

'cultural supermarket' (a wide array of identities), where people no 

longer have to build identities based on the place they live in 

[according to Hall in: 6, p. 924]. Thus, "global consumerism can 

also lead to increasing homogenization, or similarity between 

people" [6, p. 924]. 

The research problem, the subject of research, the main 

hypothesis, the scientific and social goals, as well as methods and 

results are given in the methodological framework of the paper in 

the paper abstract.  

 

3. Research results and discussion  

Research goal 1)  

Since the advent of ICT, a new form of groups has emerged on 

the Internet - "virtual groups" [24, p. 230], in which people engage 

in activities (chatting, blogging, playing games, etc.) with people 

they will probably never meet, live. Participation in these groups 

inevitably affects (socially, politically and economically) 

individuals in such a way that "such a group can often become the 

main reference group that directs the behavior of individuals from 

afar" [24, p. 230]. Those groups become role models for behavioral 

patterns, that is, the so-called "in groups", which it is fashionable 

and desirable to become a member of. 

Our society seems to be divided into two cultural groups: digital 

natives, who were born into the world of computers, and digital 

immigrants, who became familiar with computer technology as 

adults" [21, p. 44]. Digital natives consist of two subgroups: 

millennials (born between 1981 and 2000) and Generation X (born 

between 1965 and 1980), while digital immigrants consist of a 

subgroup of baby boomers (born between 1946 and 1964) and 

seniors (born before 1946) [21]. Seniors are a traditional group and 

generally have the hardest time with technology. In some 

generational typologies, there is also a so called “generation Z 

(Zed)“, which follows the millenials.  

Virtual groups use computer-mediated communication for 

occasional or permanent online meetings, with the help of 

technological accessories: desktop and laptop computers, e-mails, 

instant messages, browsers, mobile phones, tablets, PDA handheld 

devices, blogs, Internet telephony and video conferencing, social 

networks, etc. It is a communication based on abbreviations, such 

as: f2f (face to face), fwd (farward), xoxoxo (hugs and kisses) and 

emoticons, such as: :-) (happy), :-( (sad), :- D (smiles), thus 

distinguishing it from direct communication. According to Smol & 

Vorgan [21], the term emoticon is short for "emotional icon" and is 

a text-based symbol used to represent feelings and facial 

expressions, and is read by mentally or physically turning the page 

for 20 degrees clockwise. 

 

Research goal 2)  

One of the world's greatest innovators in science and 

technology (according to Scientific American Journal) and director 

of the Memory and Aging Research Center at the Semel Institute 

for Neuroscience and Human Behavior, Dr. Gary Small, in his 

scientific monograph "The Internet Brain" [21], presents the thesis 

that high-tech innovations are changing the network of neurons in 

the brains of young people, who are well versed in technology, but 

also the way they develop and function, thus turning the normal 

generation gap into something new - a growing divide, which can 

be called, "the gap between brains". 

It is important to point out that one can talk about brains that are 

connected to the Internet, but that one cannot talk about a digital 

brain since the brain does not work digitally because it is an analog 

processor (according to Abramovic). Also, all laws work by 

analogy and not digitally, so there is no scientific discovery in a 

digital way. Digital only makes it possible to arrive at a solution 

faster, but in an analog way. 

"The brain gap implies much more than an intergenerational 

difference in tastes and values. It points to a real evolutionary 

change within today's young minds - a change in the system of 

neural circuits, which is fundamentally different from the system of 

their mothers and fathers, grandmothers and grandfathers" [21, p. 

45]. "Today's obsession with computer technology and video games 

among many teenagers interferes with proper frontal lobe 

development, impairs their social skills, and impairs their reasoning 

ability" [21, p. 55]. The experience of using digital technologies by 

adults, children and teenagers differs, as does their understanding of 

that experience. "While adults knew the world before the Internet, 

children and adolescents grew up with a range of digital 

technologies that were used to educate them, build friendships and 

learn about their identity" [25, p. 99]. According to Smol and 

Vorgan [21], today's young generations are rejecting parental 

authority, creating a new socio-political network, their own cyber 

manners, language and work ethic. They “hold the cyber world in 

their hands. They easily perform simultaneous tasks and perform 

parallel processes, while access to visual and audio stimulation has 

programmed their brains to crave instant gratification" [21, p. 45]. 
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"Digital natives tend to have shorter attention spans, especially 

when it comes to traditional forms of learning" [21, p. 45]. 

In informationalism, the new social forces are netocracy and 

consumtary, as types of  (high-tech) consumers and of identities. 

The difference in their consumption models is that the superior class 

sets the conditions and manages the desires of the inferior class, 

encouraging them. ''Netocracy" and "consumtary" are terms 

elaborated by Alexander Bard and Jean Soderqvist in the book 

Netocracy - The New Power Elite and Life After Capitalism (2003), 

in order to indicate the future accumulation of power in the 

positions of those who control the information society, which are 

new global elite (netocracy). Netocrates will replace capitalists and 

traditional principles of capitalism with new rules of the economic 

game in their favor, since they represent a global upper class, whose 

power is based on networking skills and technological privilege. 

Netocracy will be formed by people with social skills and 

inclinations towards using new technologies, manipulating and 

distributing information, while those who do not have similar 

"knowledge" and "skills" will form the lowest social class - 

consumtary [according to Bard & Soderqvist In: 8]. 

 

Research goal 3)  

Some representatives of the Frankfurt School (Marcuse) made 

assumptions about consumerism as a form of social control, which 

essentially makes even a democratic society authoritarian, a "system 

of rigid uniformity", considering that its citizens are apparently free 

only in the dominant activity - consumption, as a result of which 

they behave irrationally, which is confirmed by the fact that with 

such activity the individual supports the consumer economy and 

becomes a tool of it, which imposes on him guilty or repressive 

needs. 

Although netocracy comes instead of democracy, all this 

implicitly points to the double potential of consumerism - 

authoritarian and emancipatory and their (dys)functional role. 

Considering that, it is legitimate to ask the question - What effects 

does consumerism produce in practice? Does consumerism enable 

participation in an open, global society, and does it possibly have 

some dehumanizing implications for human contacts in the era of 

technically mediated communication, digital economy and reality in 

general? One of the possible answers is represented by the 

following table (Table No. 1). 

 

Table No. 1 Contemporary effects of consumerism 
Contemporary effects of consumerism 

Authoritarian (demotivational) 

'Algorithmization' of behavior, work and consumerism habits, social and 
cultural preferences of individuals and their normalization and 

standardization; 

The threat of 'digital Taylorism' and the emergence of a class of digital 

galley workers (crowdsourcing) 

Promoting the "good life", through the purchase of things, as a limited 

view of the world, which does not offer opportunities to consider 

alternative ways of life, and which disables individuals from making 
their own decisions about their way of life; 

Aggravation of global problems, especially in the domain of the natural 

environment (climate change and unsustainable use of natural resources) 

and social justice (poverty and violation of human rights); unsustainable 
consumption of limited natural resources, beyond the limits of the 

planet's biocapacity; 

Creating a false consciousness of supposed happiness, brought about by 
the role of consumer and one-dimensional viewing of people exclusively 

as consumers, who want to maximize their share of goods, but not as 

human beings, with various higher needs for love, relationships, 
cooperation, and making their own choices in life , creating a system that 

does not satisfy needs but forces people to live lives they would not 

otherwise choose, that is, to simulate a certain identity, causing 
themselves anxiety and stress; 

Excessive desire for things leads to the search for them, taking away 

people's energy, time, money; the gadget race (race for devices) 

encourages continuous consumption, and thus the production of new 
technology, which causes serious social problems (ecological pollution 

of the environment due to inappropriate disposal and disposal of 
technological waste, especially in developing countries); greater 

spending of time on consumer activities at the expense of enthusiasm for 

learning about the world and broadening horizons; 

Constant comparison with others produces dissatisfaction with what one 
has, making individuals more active consumers; the pursuit of more 

possessions and the pressure to earn more money to pay for such a 

lifestyle brings more costs than benefits; 

Shaping the identity of individuals, by looking for non-human (or value-

based) interests in people, which leaves less time for being interested in 

other people; 

Advertising, sale and placement of products as an unpleasant disturbance 
of peace and personal space of people; aggressive exercise of power over 

individuals (mental aggression), through convincing that it is necessary 

to own certain products, while causing a false feeling of dissatisfaction if 
the object of desire is not obtained; 

Emancipatory (motivational) 

The possibility of social emancipation, by changing the economic model 
towards common and general goods ('post-capitalist societies'); 

The connection of the world based on the principle of open systems and 

the economy of knowledge; 

Promoting human happiness and well-being, by providing basic material 
(food, drink, shelter and money) and non-material resources (life skills to 

achieve self-actualization) for an easy and happy desired lifestyle; 

Limiting the planet's resources and expanding the boundaries of social 

justice; 

Promoting special conditions that favor the flourishing of society and the 

individual: stronger local community, greater equality, education to 

encourage well-being and opportunities for children to grow up without 
exposure to the effects of advertising under the age of 16; 

New possibilities of auto production, micro-factories; integration of 

production and services: intelligent factories, energy systems, mobility, 

transport and 'optimized' management; innovative products and services, 
extending the durability of mobile applications, which facilitate 

functioning in everyday life; 

Enhancing the capacity of the human body and the human race 
(implanting microchips, which serve as credit cards, car or apartment 

keys, train tickets, to reduce an individual's uncertainty about where their 

wallet is or whether they have withdrawn enough money; the chip as a 
timely cancer detector and healer); 

Source: [16, p. 123 – 124] 

The effects of high-tech culture can also be humanistic and 

dehumanistic, as shown by Livingstone's (2009) research on the 

effects of digital technologies on young people. The research 

concluded that the use of the Internet by young people can be both 

harmful and empowering, depending on what the Internet is used 

for. 

Potential opportunities of the Internet include: access to global 

information and educational resources; social networking among 

friends; games and entertainment; creating user-generated content; 

expression of identity; community involvement/activism and civic 

and political participation; technological expertise and literacy; 

career advancement/employment; personal/health/sex advices; 

specialized fan groups and forums; shared experience with distant 

reference groups and role models [according to Livingstone in: 25, 

p. 102]. 

Potential risks include: illegal content; stalking pedophiles; 

encountering extremism or sexual violence; other harmful offensive 

content; hatred and racism; advertising and covert marketing; biased 

information or misinformation; misuse of personal data; 

cyberbullying/harassment; gambling, identity theft, financial fraud; 

self-harm; violation and abuse of privacy; exposure to illegal 

activities [according to Livingstone in: 25, p. 102]. 

 

Research goal 4)  

The 4th industrial revolution [for more see: 14] will result in 

digital slavery, as the ownership of robots (new work slaves) due to 

the development of robots, as tools for work, especially in the 

sphere of heavy physical and similar jobs, which call into question 

human dignity and health (mining jobs, cleaning jobs, high-risk 

jobs, etc.). Therefore, there will be no need for people to be slaves 

to work, so the tipical historical institution of slavery will lose its 

justification and meaning of existence in the contemporary 

constellation of social relations, under the influence of the 4th 

industrial revolution. 

Even the ancient thinker Aristotle justified slavery, because 

"one of the basic premises of Aristotle's ethics is that a man who 

needs to develop true virtues must have an abundance of leisure at 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

121



his disposal, and that this can only be achieved if someone else 

does" [23, p. 61]. Hence, Oscar Wilde, in the work "The Soul of 

Man in Socialism", emphasizes the work of machines as a 

technological solution and an alternative to historical forms of 

slavery [23]. 

Thanks to N. Tesla, and his patent for remote control (method 

and device for the mechanism of controlling moving vessels or 

vehicles), from 1898, feedback became the basis of robotics, and 

the ship that N. Tesla presented and remotely controlled by radio 

waves, at the electrical exhibition in Madison Square Garden - the 

first robot. "Considering that robots had many uses besides war, he 

believed that their greatest role would be in the peaceful service of 

mankind" [2, p. 438]. 

Image No. 1 Tesla's patent from 1989 - remote control boat 

 

Source: [11; 12] [20/12/2022] 

Therefore, N. Tesla saved humanity by enabling robotics, which 

will save people from inhuman jobs, thanks to his ideas and 

ingenious creation: "Progressive development of man ... is the most 

important product of his creative brain. Its ultimate purpose is the 

complete mastery of the mind over the material world, harnessing 

the forces of nature for human needs. This is the difficult task of the 

inventor, which is often misunderstood and unrewarded (according 

to Tesla in: 4, p. 158). 

British sociologist A. Giddens, within his theory of reflexive 

modernity, expresses Tesla's idea of remote control through the 

concept of distancing. It is a phenomenon that makes it possible to 

influence any segment of social life, regardless of its distance in 

time and space (eg. a nuclear submarine of destructive power, 

thousands of kilometers away from its controllers) [according to 

Giddens in: 13]. 

However, N. Tesla, "the wizard" [15], "holy scientist, ascetic, 

modern monk of the highest spiritual qualities" [1, p. 7], did not 

limit himself only to mechanisms controlled from a distance, but 

also considered the construction of machines, automatic 

mechanisms, which possess their own intelligence and 

individualized management, thus paving the way for artificial 

intelligence, as another characteristic of the 4th industrial revolution. 

"I think the time is not far off when I will show an automaton 

which, left to itself, will act as if it possessed reason and without 

any external willful control" [2, p. 439-440]. 

It should be borne in mind that artificial intelligence, however, 

still cannot be superior to a human being and his natural intelligence 

for the reason that it does not possess autonomous consciousness 

and that it is programmed for already existing solutions (according 

to Abramovic), while intelligence implies invention and creation 

(re-creation) of new solutions. "We could witness the complete 

separation of intelligence from consciousness, and the development 

of artificial intelligence could lead to a world ruled by 

superintelligent but completely unconscious beings" [7, p. 164]. 

4. Conclusions 

Every (scientific and technological) revolution brings a series of 

social changes. It is quite certain that after every industrial 

revolution the world becomes more connected, i.e. networked. 

Consequences are occurring in the form of transformation of work 

processes, labor and social relations and global socio-economic 

restructuring. 

Therefore, the impact of technology and Tesla's civilization on 

human lives, people's identity and their access to innovations and 

better opportunities for a fairer society, to which these innovations 

lead, is unquestionable. Innovations, in the ethical sense, are neutral 

categories and creations of human work, and whether they will 

acquire a humanistic or dehumanistic sign depends on human use. 

If they are used for human emancipation - they will have a 

humanistic effect. Technological innovations can be of greatest 

benefit to workers and the working class, due to the transfer of  

physical work from man to machine (robot), which relieves man of 

fatigue, poor working conditions, senseless and inhumane work and 

gains more free time for leisure, which enables thinking and 

designing new innovations and other significant activities to 

increase human freedom and meaning in life. New technologies 

improve our efficiency, simplify our lives, and can be fun. 

However, if technologies produce the primary importance of 

machines and the secondary importance of man, then we can speak 

of a emancipatory, alienating effect, because man becomes an 

addition to the machine, whose biological rhythm of work is not in 

accordance (synchronized) with the work of artificial construction 

(automatic machines). 

The three revolutions contributed to the development of society 

through the growth of the population, the standard of living and the 

increase in world wealth, but they also caused the unsustainable 

development of (global) society, which is why the Paris Agreement 

on Climate Change was signed in Paris in 2015 in order to influence 

the current climate changes (caused by the human factor) and the 

achievement of 17 sustainable development goals by 2030 or 2050. 

In order to restore the balance of the world ecosystem, the search 

for new sources of energy, which will enable the sustainable 

development and progress of humanity, is underway. We are on the 

trail of a new, 4th industrial revolution. 

It remains to address the question of how states (through 

various regulations) can ensure a more even distribution of profits 

from technological innovations. Also, the question of how to 

encourage technological innovation with structural solutions is also 

important. One of the solutions would be to reduce or transfer the 

budgets for the army and warfare to the budget for scientific and 

technological innovations, first of all, the development of artificial 

intelligence, which can only lead to transhumanism and the 

risks/dangers caused by it in the distant future. In order for 

technology not to overcome humanity, it is important to bridge the 

brain gap, through learning the art of communication and 

cooperation with people of all ages, in order to build the ability to 

adapt to new scientific and technological revolutions and their 

progressive changes. 

Social sciences, primarily Sociology, can make an 

immeasurable contribution to the study of N. Tesla's legacy, within 

the framework of new teaching subjects, such as the Sociology of 

the genius of Nikola Tesla, so that the ingenium of the new 

Prometheus becomes part of the habitus of new inventors and 

Sociology itself, i.e. its epistemological-theoretical tradition. 
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Abstract: In today's globalized world, digital mechanisms are rapidly working through the inner layers of the economy, influencing and 

attracting those who shape, regulate, drive and manage the economy. The main approach here is the active application of new technologies - 

digital mechanisms, in the processes taking place in any sphere of the economy, including health care. Rapid advances in technology have 

necessitated the creation and implementation of new models for delivering quality primary care services. The COVID-19 pandemic has also 

highlighted the need for innovative digital solutions in health care. For these reasons, the formation of integrated models based on the 

application of new technologies in the context of the digital transformation of health systems is a guarantee for the delivery of quality 

primary health care services. The article examines the content and possibilities of digitalization of primary health care services, health 

technologies and areas of application, focusing on new technological opportunities, and the effectiveness of digital health services. 
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1. Introduction 

The provision of more equitable, comprehensive and integrated 

health services worldwide is a key objective of health systems. The 

Astana Declaration also states that primary health care is the 

cornerstone of universal health care and represents the most 

comprehensive, effective and efficient approach to improving 

people's physical and mental health as well as their social well-

being [17]. Primary health care is the provision of comprehensive 

and accessible health services by physicians, based on meeting 

personal health needs, developing sustained partnerships with 

patients and providing health care in a family and community 

context [10]. As the revolutionary impact of the Internet increased, 

as information and communication technologies became more 

advanced and pervasive in society, the use of new technologies in 

health care expanded and new benefits for health care were 

demonstrated. From technologies that enable better management of 

human health, to diagnosis and monitoring of diseases, all digital 

health technologies have a profound impact on health service 

delivery and health system management. The use of digital 

technologies not only improves the quality of primary health care, 

but also acts as an important means of enhancing the capacity, 

knowledge and skills of health professionals [18]. 

 

1.1. Defining high-quality primary health care 

Improving the availability, accessibility and quality of health 

services is at the core of primary health care [16]. This approach 

suggests some thoughts about primary health care. First, primary 

health care should be based on an ongoing partnership between 

health-care providers and patients. As these services span 

childhood, adolescence, adulthood and old age, the relationship 

between the two parties is important throughout the life of the 

patient. Second, primary care services should be provided in the 

context of the patient's family and the wider community. Thirdly, 

primary care services should be provided in a more integrated and 

accessible system. Although these ideas are accepted as standards, 

there are a number of limitations in their practical implementation 

[12]. 

Quality primary health care is the provision of comprehensive, 

integrated, accessible and equitable care through an ongoing 

relationship with patients in a variety of settings [16]. 

Factors that determine the quality of primary care services 

include: 

- Payment models - payment models that support integrated 

professional teams working in constant contact with patients can 

ensure the provision and maintenance of high-quality primary care; 

- Improving accountability and quality - effective measurement 

of important primary care functions can improve quality over time; 

- Digital health - effective use of technology can make health 

services more accessible and professional practice more efficient, 

quality and convenient for individuals and professional groups; 

- Inter-professional teams - coordinated work by appropriately 

qualified doctors and other professional groups can improve public 

health; 

- Research - gathering empirical evidence on the epidemiology, 

organization and delivery of primary health care can contribute to 

continuous improvement in this area; 

- Leadership - coordinating the work of those responsible for 

primary health care services can increase accountability and ensure 

uniform decision-making in this area; 

- Laws and regulations - regulations and legal documents 

containing conditions for the provision of primary health care 

services can enable stakeholders to make necessary changes [12]. 

It should be noted that instilling a culture of quality in primary 

care is the basis for continuous quality improvement. Quality 

improvement depends on clear and accurate performance 

measurement data at the patient, provider and, more broadly, 

population or system level. Health management systems and 

information systems are considered a necessary component for 

changing and improving the quality of primary health care services. 

Consideration should also be given to global geographical 

disparities in access to technology, taking into account the need for 

systems of collection, measurement, reporting and feedback in 

developing ways to improve primary health care [20]. 

 

2. Digital health in primary care  

 

In recent years, advances in software, data storage and high-

speed Internet bandwidth, as well as the widespread use of 

smartphones, have stimulated the introduction of new technological 

products into modern health care and contributed to the growth of 

the digital health industry [12]. For example, e-health can be used to 

establish an online doctor-patient relationship, provide training to 

health professionals through online learning, monitor common 

diseases and epidemics, and promote and advance individual health 

care and public health. The digitalization of health thus provides 

new tools to strengthen the health sector as a whole at local, 

national, regional and global levels. The use of these tools can 

reduce costs, speed up the process of care, save time, control the use 

of medicines, reduce logistical problems, etc. [19] 

Increasing demand for primary care has encouraged potential 

innovative changes in health care ecosystems. Digital technologies 

have been used to improve the availability and efficiency of 

services. The use of technologies that collect, process, manage and 

evaluate health information, as well as the use of technologies that 

provide appropriate advice to patients. However, differences in 

technology acquisition and boundaries between traditional health 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

124

 



and modern innovative health are difficulties in the use of digital 

health technologies. In addition, there is always an increase in 

mobile applications and new technologies available to patients, but 

also challenges in terms of evidence, regulation and evaluation. It 

should also be considered that a sustainable and effective trainer of 

the workforce and patients providing primary health care services 

must be provided [13]. 

Digitalization of primary care services is considered successful 

when the infrastructure is continually improved, regulations and 

management guidelines are developed based on principles of equity 

and accessibility, primary care professionals and patients are 

involved in digital decision-making, regular training is provided and 

health data privacy and security are assured [14]. 

2.1. Digital technologies in primary health care 

services 

There are currently two trends in digital health: 1) patient-

centred technologies such as personal health records, patient portals 

and mobile health apps are developing rapidly; 2) primary health 

care, including family practice, is being promoted as an important 

factor in reducing overall health care costs and improving health 

outcomes.  As a result of these trends, all types of digital health 

technologies, which offer opportunities for patient-centred and 

personalised services, act as solutions to many primary care 

problems. Primary care providers face challenges in processing a 

wide range and volume of clinical data. Of course, the human mind 

cannot keep up with new types of advances all the time. Ultimately, 

this leads to the emergence and increasing need for virtual support. 

As primary health-care services span from childhood through 

adolescence, into adulthood and old age, health-care providers 

depend heavily on such technological support to provide all 

necessary services to the population. International experience 

suggests that technologies such as Electronic Health Records 

(EHRs), Big Data and Telehealth, which provide virtual 

consultations, are being used more in primary care. [5, 14] 

Electronic Records are a digital version of paper-based patient 

records, but are designed to go beyond standard clinical data to 

include more information about a patient's health. Several concepts 

are distinguished in this context: - Electronic health record (EHR) - 

a dataset created and stored in a healthcare facility that provides 

access to patients' medical records to patients, doctors, employers 

and other interested parties; - Electronic Medical Record (EMR) - 

legal patient data created in hospitals and outpatient facilities 

(regarded as the source for EMR); - Electronic Personal Health 

Record (EPR) - active management of and access to a patient's own 

information. 

Sharing medical information with patients can improve the level 

of communication between patient and doctor, the quality of 

treatment and, ultimately, treatment outcomes. Here, special 

attention should be paid to ensuring access to electronic records for 

different population groups and eliminating inequalities in their use. 

[9, 14] 

Big data is the term used to describe the large volumes of data 

created by digital technologies that collect patient histories and help 

manage healthcare operations. Beginning in the 1960s, information 

technology was first used to collect and process large volumes of 

various statistical data in medicine. The volume of data has only 

increased significantly in the last 15-20 years due to the 

digitalisation of healthcare. Although much medical data is still 

stored on paper, there is a trend towards rapid digitisation. Patient 

portals, research, electronic medical records, wearable devices, 

search engines, shared databases, etc. They are components of "big 

data". [7, 11] 

Telemedicine. Conducting consultations with patients via 

videoconferencing and various portals, remote diagnosis of vital 

functions, transmission and exchange of medical images, laboratory 

tests, electronic personal data, including continuing medical 

education, etc. are considered part of telehealth. According to 

studies, 90% of the world's health care institutions have begun using 

telemedicine technology. Using the latest innovations in 

telemedicine, it is possible to reduce healthcare costs, increase 

efficiency and profitability, and offer affordable and accessible 

services to patients. Mobile telemedicine devices have already 

appeared in countries around the world. [12, 1] 

Augmented Reality (AR) and Virtual Reality (VR). AR and VR 

are some of the most advanced and cutting-edge technologies used 

in the healthcare system to improve the quality of healthcare 

services and patient care. Most of the virtual reality technologies 

currently used in healthcare are used for educational purposes. 

Creating virtual learning opportunities for healthcare professionals 

can help improve their skills and training. [4] 

2.2. Digital primary health care services during 

COVID-19 

The use of new technologies to develop 'smart' care is growing. 

As networks of people and technology become increasingly 

interconnected, healthcare organisations need better tools to address 

large-scale challenges. The COVID-19 pandemic, demonstrated 

once again the need for better data and information-sharing systems 

between health systems, governments and other organizations. 

During the pandemic, big data from various sources grew rapidly. 

"Big Data created new opportunities to meet the challenges of 

storing, processing, sharing and using this data. The conditions have 

also been created to prevent the spread of the virus by analysing 

medical data in real time using artificial intelligence technologies to 

detect the virus. Medical software and application downloads 

increased by 65% during the pandemic. According to the survey, 

46% of 5,000 respondents used telemedicine services during the 

COVID-19 pandemic. 56% of users reported that telemedicine 

services were easy to use. Overall, 77% of patients were satisfied 

with the use of these services, which can be considered a significant 

victory for health professionals. [2, 3, 15]  

3. Conclusions 

The digital transformation of the health care ecosystem is 

changing the expectations of society as a whole, which requires the 

introduction of new technologies to improve the quality and 

accessibility of health services. Specific knowledge and skills are 

needed to understand, implement and regularly evaluate new health 

care innovations. In this context, primary care providers need to be 

involved in the development and implementation of digital 

solutions, and patients and healthcare providers need to be 

continuously trained. Infrastructure, information sharing and 

security, regulations and standards also need to be improved. Most 

importantly, digital health services must prevent existing 

inequalities from worsening. Collaboration between all stakeholders 

in the health system can help to achieve this goal. 
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Abstract: Public procurement has acquired new dimensions in recent decades, going beyond the elementary satisfaction of certain needs. 

Public procurement connect to public policies through its horizontal nature. In present study, public procurement is perceived as an 

important demand-side policy instrument that can effect both the speed and the direction of economic development. A key argument 

supporting the view of public procurement as an important policy instrument is that they accounts for about 14% of EU GDP. At the same 

time, governments frequently overlook procurement as a policy instrument (and demand-side tools in general). The study of public 

procurement as a policy instrument, given their proven market effect, merits further analysis. Hereof, this research is focused on exploring 

strategic procurement approaches for economic development. Actually, through public procurement, governments can contribute to the 

development of growth-generating economy sectors in the role as an important lead consumer by setting standards and exacting superior 

performance. 
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1. Introduction 

In recent decades, public procurement rules are no longer just 

about that 'how to buy' - they offer incentives for about 'what to 

buy'. The concept of Value for Money (VfM) emergence and 

development lead the understanding that contracting authorities buy 

strategically, without aiming only the lowest price achievement. 

Desire expression for better and sustainable public finance 

management is the focus rising to strategic public procurement in 

recent years. Public sector expenditure through the public 

procurement system forms 14% of The European Union (EU) gross 

domestic product (GDP) [1]. This amounts more than 1.9 trillion 

euros. This enormous purchasing power refers in particular to 

sectors such as energy, transport, defence, IT and healthcare 

services, where the public sector is a key demand source. 

Redirecting public sector purchasing strength through strategic 

procurement can become a powerful demand-side instrument for 

maximizing policy outcomes in a number of areas.  

2. Public Procurement and Public Policy 

2.1. Strategic Public Procurement 
The notion of public procurement pithily assumes so that 

procurement is awarded in areas intended to satisfy public needs. 

Public procurement can be defined as "the acquisition by means of a 

public contract of works, goods or services by one or more 

contracting authority from contractors chosen by them, intended for 

public purposes or for the needs of public authorities, and in the 

case of utilities - for sectoral activities' implementation [2]. The 

rationale, purpose, and starting point of public procurement should 

always be to solve societal problems, to satisfy human needs, or to 

meet global challenges, such as environmental or health problems 

[3]. The concept of sustainable development through the public 

procurement prism, brings procurement into a strategic dimension 

beyond the elementary certain needs satisfaction. Strategic Public 

Procurement (SPP) involves the awarding of environmental 

("green"), socially responsible and innovative procurement. SPP 

affects all sustainable principles’ sub-dimensions (Fig. 1). 

 

 

Fig. 1: Strategic Public Procurement affects all sustainable principles’ sub-

dimensions 

Strategic or sustainable public procurement is defined as a 

process by which organizations procure goods, services and work in 

a way that achieves value for money based on the life cycle costing 

(LCC) of products and services and generates benefits not only for 

the organization but also both for society and the economy, while 

minimizing environmental damages. LCC is a methodology where 

costs of a given asset are considered throughout its life-cycle. It is a 

method for directly calculating and comparing the real costs of 

different alternatives for use in procurement decision making (Fig. 

2). 

 

 
Fig. 2: Life-cycle costing (LCC) in public procurement 

 

On the other hand, "green" public procurement can be 

considered as a process by which public authorities seek to obtain 

products, services and construction works with a reduced impact on 

the environment. Socially responsible public procurement takes into 

account one or more social considerations to achieve social goals, 

and innovative procurement involves purchasing of innovation 

process or results. In all cases, the aims of strategic procurement go 

beyond a specific need satisfaction. 

The total value of public procurement contracts in the EU 

determines their significance. It is not only a key pillar of strategic 

management and service delivery, but also a key economic activity. 

If used strategically, public procurement can improve the market 

economies competitiveness as well as to help important policy 

outcomes delivery in response to today's societal and economic 

challenges, especially these relevant to sustainable growth and 

employment. Smart contracting achieves best value for money 

(VfM). Public authorities demand can significantly enforce and 

strengthen markets for innovative, environmentally and socially 

responsible goods, services and work. Governments need to admit 

the importance and encourage the use of public procurement as an 

instrument to address both budgetary bottlenecks, caused by the 

crises, on the one hand and to achieve the strategic challenges on 

the other. 

 

2.2. Public Procurement as a Demand-side Policy 

Instrument 
Public procurement links to public policies through its 

horizontal nature. Public procurement is in general an instrument of 

all sectorial policies. It is due to the fact that at all policies carried 
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out in the EU member states is carried out through the expenditure 

of public funds, in compliance with the common legislation. 

On the other hand, the study of public policy refers to what the 

state does, to its activity in respect to community cohesion and to 

uphold a certain society orderliness. The public policy approach is a 

continuation of theories about the modern state, which through its 

legitimate institutions brings rationality to society. A classic 

understanding of public policy is that it is whatever governments 

choose to do or not do [4]. The truth is single definition does not 

exist - there is a whole concept behind the notion. The concept of 

public policies refers to the measures government stand behind and 

which cause a change in the behaviour of individuals and after all - 

in the community development [5]. One of the public policy science 

basic assumptions is that it can be defined as a temporary 

organization for goals achievement. In the same vein public policy 

could be considered as a governmental supported actions that are 

taken to change the social environment in the community desired 

direction [6]. 

The measures by which legitimate authorities and their 

institutions achieve the goals formulated at the political level are in 

fact the public policy instruments [7]. Instruments are part of public 

policy actual implementation [8], and may serve different purposes 

and lead to different results and effects. That implies the policy 

instruments choosing is an important policy formulation point, as it 

have a direct effect on implementation outcomes. In other words, 

and this can be taken as a conventional and general definition, the 

public policy instruments are the set of techniques that government 

bodies exercise their power by in an attempt to ensure support and 

effect (or prevent) social change. They represent management 

techniques that in one way or another involve state power usage or 

its deliberate limitation. This is no surprise that instruments can be 

and have been categorized in a variety ways in the scientific 

literature. Thus for example, according to its nature, they can be 

mandatory or voluntary, according to the sphere - social or 

economic, etc. (Table 1). 

Public procurement can be considered as a public policy 

implementation economic instrument. Some authors even consider 

public procurement as part of a new generation innovation policy 

instruments. On the other hand, according to its inherent market 

impact, public procurement participates as a demand-side market 

mechanism. Supply and demand are major catalysts in the "Smith’s 

invisible hand" motion. It is well known that the demand should be 

supported not only by a willingness and need for a certain good, but 

also by sufficient resources for its provision. Hence, a key argument 

supporting the view of public procurement as an important policy 

instrument is the exactly significant amount of public expenditures 

through the public procurement system. Considering the high 

funding potential, public procurement can be regarded as an 

important demand-side policy instrument [9, 10, 11], that can effect 

both the speed and the direction of economic development. 

It is important to pay due attention to the need of equilibrium 

when choosing supply' and demand' side instruments in the process 

of policy design-making. Most policies architecture are focused on 

the supply side, concentrated on conditions creation and specific 

technological capacity provision in the economy. Hence, supply 

side policy instruments are mainly used. This may leads to a 

distortion of a results and failure in goals achieving, according to 

some authors. Moreover, these authors consider а demand-side 

instruments based policy as more effective than that based on 

supply-side policy instruments [12, 13, 14]. For example, if the 

market is formed on the supply basis, it is possible that the 

consumers will not be able to satisfy their needs with offered 

solutions. On the other hand, if weak consumer activity, the 

proposed solutions would not be successfully commercialized. This 

is no-win situation - neither for consumers ("demanders") nor for 

suppliers. 

Recently, this perspective seems to have gained popularity, both 

in science and in the practice of governments, including at the 

European level. The focus on the demand side receive more and 

more attention. Over the years, public procurement has been used to 

achieve various political goals. The use of public procurement as a 

political instrument is by no means a new phenomenon. Following 

McCrudden: [It is not too much of an exaggeration to say that 

modern procurement systems evolved along-side the development 

of the Welfare State, and it is hardly surprising that the former was 

used in part to underpin the goals of the latter] [15]. Development 

of understanding reflects and responds to the growing EU 

concerning on how to maintain a competitive advantage in a 

globally competitive economic environment.  The fact that 

countries such as the USA or Japan, which have adopted more 

strategically focused public procurement policies, outperform the 

EU on a number of economic indicators further justifies this point 

of view. According to The European Commission, public 

procurement have an important potential for [16]: 

- Boosting the economic recovery, the green and digital 

transition and the resilience of the EU; 

- Delivering higher quality public service on an optimal budget; 

- Addressing an arising need; 

- Modernising public services; 

- Helping start-ups and innovative SMEs launch and grow; 

- Moving markets towards innovation. 

 

2.3. Strategic Public Procurement - Market Effect 
Conceptually, in the public procurement process, at least two 

types of participants cooperate - the contracting authority and the 

candidate/participant(s). In the case of SPP, this interaction aims to 

solve a specific "problem". Even more, it is the satisfaction of an 

identified need of public interest in the case of public procurement. 

The solution itself is achieved by using the available knowledge 

among the participants that implies the mobilization of the existing 

knowledge and potential of the market. Considered as an act, SPP is 

a special case of consumer-supplier interaction. [17]. Within this 

interaction, interactive learning takes place [18] - per se as a social 

process governed by institutions [19]. In this way, public authorities 

participate in the market supply formation through the public 

procurement system. 

Except as a demand coordination instrument, the SPP, including 

innovative public procurement can contribute to a faster 

introduction of new technologies (solutions). Potentially, another 

added market value of public procurement is related to technology 

transfer. Too often there is a gap (a phenomenon known as the 

"valley of death") between innovative solutions and their final 

commercialization. Thus, when contracting authorities act as start-

up customers or first clients. Public authorities can "create" an 

innovation directly as a response to a need identified by acting as a 

"proxy customer". It is also necessary to consider the relationship 

between strategic public procurement and the economic growth and 

stability creation, due to the ability of public procurement to "open 

up" the market for small and medium-sized companies, including 

start-ups. 

Public procurement "greening" is, in turn, a powerful instrument 

for improving environmental performance in a variety sectors, such 

as energy, transport, healthcare, where the public sector is a key 

demand source. "Green" requirements usage inevitably provokes 

the creation of high technologies that both meet the contracting 

authorities’ specific needs and also are in line with the green 

transition goals. In addition, strategic public procurement stimulate 

cooperation between different market participants. 

 

3. Strategic Public Procurement – How to Use the 

Potential? 

SPP approaches and practices research is a matter which 

relevance is reinforced by the complexity of the tasks to be solved 

in the modern public administration agenda. 

Stimulation of SPP application require a certain amount of 

mandatoryness of the instrumentarium. Regulation refers to the 

rules applying by public and government bodies to impact the 

behaviour of the private actors in the economy. Hereof, it may have 

an effect on the performance (quality, compatibility) or 

consequences (health, safety, environment) of the products, services 

or works (construction) [20]. According to the EU public 
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procurement legislation in force, the applying nature of this type of 

procedure awarding is voluntary, left in the field of discretionary 

power. In some areas, such as the automotive industry, construction 

or packing and packaging, regulations set minimum, mandatory 

environmental requirements. So far this regulation approach 

remains sporadic. On the other hand, a holistic approach is the 

introduction of the principle of sustainability, as the main one in the 

public procurement regulation, along with those the Treaty on the 

Functioning of the European Union resulting from. 

On the second place, policies should 'recognise' public 

procurement as an instrument to achieve the goals formulated. 

Hence, public procurement issues should be deliberate during the 

strategic documents development for each specific policy - 

strategies, action plans, etc. On the next place, public procurement 

is a significant element of public finance management, sensitive to 

social and economic environment changing, the political and private 

interests. As such, it is a complex and often changing matter that 

requires and implies management capacity building. Only in this 

way, public sector organizations can be strong participants in the 

process of unfolding the potential of strategic public procurement 

and could derivering maximum benefits from.  

In a practical point of view, some approaches and practices 

would contribute to the public procurement application as a 

demand-side policy instrument strengthening. Such are, for 

example, functional procurement - based on functional 

specifications and quality-oriented award criteria. 

In general, after needs identifying, procuring authority normally 

describes the desired goods, services or works characteristics in the 

tender documentation (more precisely in technical specification). 

Usually technical specification describes very precisely and in detail 

the requirements for procurement object (that means describes 

existing 'off-the-shelf' goods, services or works). This type of 

procurement is known in the literature as a public regular 

procurement. Such a regular procurement examples are stationery 

delivery, telecommunication services, repair and maintenance of 

building stock works, etc. A large number of regular public 

procurements are perfunctorily conducted, i.e. the procuring 

authority describes the same product as in previous procurements in 

a routine manner. This manner poses risks for sustainable market 

development. Such repetitive product procurement leads to lock-in 

situations and inertias sooner or later [21].   

Increasingly, the application of the so-called "functional" over 

conventional "technical" specifications in the SPP context is 

considered, as an approach to drive market potential. Functional 

specifications are oriented towards describing the final result 

desired. So in case of functional procurement, procuring authorities 

describes the function to be performed or the problem to be solved 

(functional specification) instead of describing the product that is to 

perform the function. Hereof, they specifies what to be achieved 

rather than how to be achieved. This description may represent a 

reformulation of the need or "problem”. In this way, an opportunity 

for the economic operators to use their potential and to "produce", 

commercialize or adapt the available arsenal of solutions to meet 

the requirement is provided. In turn contracting authority has the 

opportunity to choose the best solution. So-called functional public 

procurement can become an important policy instrument. The 

probability that the "solution" will be provided in the form of new 

and/or high technology with respect to the principles of 

sustainability increases. Inviting the market to satisfy a specific 

need or solve a specific problem can also be seen as an instrument 

to improve competition and public-private partnership. 

In addition to functional specifications, which application is 

very weak in EU, a way to "strategize" the procurement process is 

applying of other than "the lowest price" award criteria. Data show 

that the proportion of procedures awarded based on "the lowest 

price" in EU is equal to 80% [22].  

As mentioned, the main formula for the development of 

sustainable and modern, high technologies and solutions is their 

appropriate funding. In this sense, the path to sustainability and 

resilience implies the application of the VfM concept and the 

quality criteria preference when choosing the needs satisfaction 

way. Inclusion of all the costs in the procurement process trought 

LCC award criteria is another useful practice. 

Summed up, it seems that SPP as a process require sustainable 

principles consideration on all procurement cycle stages but mainly 

in planning, forecasting and preparation ones. Also cooperation and 

information exchange with all stakeholders is needed, incl. 

economic operators, end users, etc. Functional procurement and 

quality award criteria is also appropriate. To be effectively complete 

SPP also imply post-contract management - assessment and lessons 

learned (Fig. 3). 

 

 
Fig. 3 SPP Process Example 

 

As can reasonably be concluded, the implementation of this 

type of procurement, due to the complex nature of the matters and 

multi-decision-making, requires a high professional administrative 

capacity. This issue merits higher attention and deeper analysis. 

 

4. Conclusion 
 

Possible approaches and practices for strategic public 

procurement consideration of is a matter relevance is reinforced by 

the complexity of the tasks to be solved on the modern public 

administration agenda. Strategic public procurement contributes to 

increasing the added value of public funds spending. It would 

potentially maximize public policies outcomes in various areas 

through involvement of the public sector purchasing power. The 

question is to unfurl and guide this potential. On the way of dealing 

with nowadays challenges, the SPP opportunities should not be 

overlooked. It should be considered as an important aspect when 

designing or redesigning policy instruments. It is necessary that the 

strategic approaches and practices should be systematically applied 

for optimal results achievement through the public procurement as a 

demand-side policy instrument. This can be facilitated through 

broad political and practical support.  
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1. Introduction 

 
The era of Industry 4.0 began at the beginning of the ХХІ 

century in developed countries (Germany, USA, and Japan) [1]. 

Today, its key dimensions and means of research have already been 

determined (Table 1). 

 
Table 1 Key dimensions of Industry 4.0 

 

Dimension  Means, research 

Autonomy of 

control 

Self-driving vehicles, drones, 

space exploration, blockchain 

Hyper-

interrelatedness of 
integration 

Internet of things, social media, 

remote electronics technologies 
(jobs) 

Adaptability of 

reconfiguration 

Big data computing, virtual 

augmented reality, 3D printing 

Scale on demand  Cloud computing, end-to-end 
mobile search, streaming media 

System stability due 

to renewable 

resources 

Clean energy, smart cities & 

homes, e-commerce 

 

It is worth mentioning the new technologies that have already 

been implemented or will become a reality by 2030: 

- high-speed Internet due to high frequencies, bandwidth (up 

to terabits per second), flexible network technologies; 

- internet sensations, virtualization of physical objects, digital 

twins; 

- artificial intelligence, a new era of creativity (in robotics, 

cinema, music); 

- large-scale use of drones. 

Examples of digital twin projects are: 

- the digital twin project was created by Ericsson in the 

terminal of the Italian seaport in Livorno; 

- audi plant in Germany based on 5G. 

The era of Industry 4.0 today already has consequences and 

risks that must be taken into account not only in the organization of 

the management of intellectual personnel, but also for society and 

the state as a whole, namely: 

1) for society: 

- although a person will be freed from hard and routine work, 

the complete independence of production from people will lead to a 

massive loss of jobs, which can already be observed in countries 

where automation is widely practiced in plants and factories; 

- technological development can also cause an increase in the 

gap between capital income and labor income and, as a result, 

growth of inequality. Demand for workers with a low level of 

education and lower qualifications, on the contrary, will decrease. 

Therefore, the experts insist that the states deal with this issue today 

and prepare for a new industrial revolution. Countries with low-

wage labor can lose this advantage over developed countries and 

fall even further behind them; 

 

 

 

 

 

 

2) for a person: 

- the new world based on digital technologies will change a 

person's personality, as Industry 4.0 will establish new principles in 

ethics and aesthetics; 

- a person can customize goods and services for himself, as 

well as create "continuation" of the world that he specifically likes; 

- as a person immerses himself in the digital environment, his 

individual behavior will become more digital and will cause him to 

alienate his inner world, cause the lack of freedom to form his own 

identity; will cause segregation of people based on their identity 

and, as a result, polarization of society; 

3) for the state: 

- the more closely the physical world will intersect with the 

digital world, the more opportunities will appear to control and 

monitor unwanted events around the world by means of digital 

networks; 

- new technologies will enable citizens to influence the 

political life of their state, but the security problem will worsen. 

Wars in the future will have a completely different nature. Future 

military conflicts will have a hybrid nature and combine direct 

actions on the battlefield with non-state phenomena and elements; 

- the lines between war, peace and soldiering and even 

violence and non-violence (cyber-terrorism) will be blurred. With 

the development of military technologies, the emergence of 

biological and autonomous weapons, non-state associations of 

people will reach the same level of lethality as states; 

- the deterioration of the position of the middle class can lead 

to the imbalance of political systems that rely on the middle class. 

There will be a strengthening of the ideas of populism, radicalism, 

fundamentalism and militarism, which we can already observe. 

 

2. Features of modern management of 

intellectual personnel of the corporation 

 
In the economic theory of modern society, the category 

"intellectual activity" is meant to play a key role, similar to the one 

played by the category "commodity - labor power" for the creation 

of K. Marx's economic science. Therefore, creative work in the 

form of intellectual activity is the main source of creating added 

value and a special factor of production in a post-industrial society 

[2]. Intellectual activity is the final stage of human evolution in 

economic life. The main stages of the formation of the concept of 

intellectual activity are given in the table 2. 

The evolution of the formation of the knowledge economy 

and the science of management demonstrates how the perception of 

those human qualities that are used in production processes changes 

over time [3]. Self-realization, the desire to acquire knowledge, and 

the search for new opportunities for creativity become the main 

motive of the employee's activity. In the post-industrial society, the 

very nature of work, which was traditionally aimed at creating 

material values, is being transformed. Its place is occupied by the 

intellectual activity of a person, which is based on a set of scientific 

knowledge, spiritual and cultural values and is not subject to the 

regulation that is usually applied to the work in the traditional sense. 

 

 

HIGH TECHNOLOGIES. BUSINESS. SOCIETY. 2023

131

 



 
Table 2 Stages of formation of the concept of intellectual activity 

 

Period Category Ideas about the role 

and place of man in 

economic  

Concept of 

management 

XIX 
century - 

60s of the 

XX 
century 

Workforce A person as a carrier 
of abilities and 

features that can be 

productively used in 
the work process 

Human 
labour 

management 

30 years 

of the XX 
century - 

the 

present 
day 

Personnel A person as a 

passive object of 
external 

management, a 

planning and 
accounting unit 

Personnel 

management 

70-80s of 

the XX 

century - 

the 

present 

day 

Human 

resources 

A person as a non-

renewable resource 

is an element of 

social organization, 

a factor in 

increasing 
production 

efficiency 

Human  

resource 

management 

The 
beginning 

of the 90s 

of the XX 
century - 

the 

present 
day 

Human 
capital 

A person is an 
object of effective 

investments and a 

subject that 
transforms them into 

productive abilities 

for implementation 

Social 
management 

The end 

of the 90s 
of the XX 

century - 

the 

present 

day 

  Intellectual 

staff 

A person with his 

creative abilities is 
the main source of 

innovation and 

creation of 

profitability 

potential 

Knowledge 

management 

 
The World Economic Forum in Davos defines the key 

competencies that have become necessary in the 21st century, in the 

labor market, and according to which modern education should 

develop (Table 3). In 2025, many new competencies were added to 

the ten future competencies, which requires their development and 

inclusion in educational programs. 

 
 

Table 3 Key competencies of intellectual staff [4] 
 

№ 2020 2025 

1 Comprehensive 

problem solving 

Analytical thinking and 

innovativeness 

2 Critical thinking Active learning 

3 Creativity Solving complex problems 

4 People management Critical thinking and analysis 

5 Coordination with 

others 

Creativity, originality, 

initiative 

6 Emotional intelligence Leadership and social 

influence 

7 The ability to assess 

the situation and make 
decisions 

Use of technologies 

8 Orientation to 

providing services to 
others 

Creation of technologies and 

programming 

9 Ability to negotiate Cognitive flexibility, 

resistance to stress 

10 Cognitive flexibility Formation of ideas 

 
The company's internal personnel management system should 

include a section for managing intellectual labor resources, which 

will adequately reflect the professional and personal characteristics 

of employees engaged in creative activities. The substantive 

specificity of the indicated section of personnel management of the 

corporation is determined, first of all, by the degree of 

intellectualization of production processes, the role of intellectual 

resources in the overall effect of scale [5]. The section should 

include: recruitment of intellectual personnel, evaluation of their 

contribution to the efficiency of the company, methods of 

motivation for intellectual activity. 

The company's intellectual staff are highly educated 

employees engaged in creative activities and absolutely adequate to 

the company's business technologies, the result of which is an 

intellectual product in the form of a technological or management 

solution. The source of replenishment of this personnel for the 

company is not the labor market, but investments in its training and 

development. Thus, recruitment of intellectual personnel is, firstly, 

the result of the organization of their internal corporate movement; 

secondly, the important strategic direction of the corporation's 

management as a whole. 

We can talk about the effectiveness of personnel policy and 

its impact on the general state of the corporation if the following 

aspects of it are present in the organization: 

- motivation system (certification, personalization of rewards 

for work, monitoring of the level of payment in the labor market); 

- resource planning (an assessment of available labor 

resources is carried out; the future need for personnel and methods 

of finding candidates for vacant positions are determined; the 

results of past recruitment are evaluated); 

- personnel selection and adaptation (assessment of the 

effectiveness of selection procedures and adaptation measures); 

- personnel rotation (system of personnel monitoring, 

favorable social and psychological climate, internal 

communications, evaluation of the effectiveness of career planning 

methods). 

 

3. Motivation of intellectual staff 

In the scientific literature, a number of factors are cited under 

the influence of which work motivation is formed: 

1. Internal factors, related and generated by labor activity. 

These include: the content of work, awareness of one's 

achievements, recognition of them by others, the desire for 

promotion and a sense of responsibility, self-realization in work. 

2. External factors that are outside the scope of work. In 

particular, the policy and management methods of the higher 

organization, leadership style, working conditions, psychological 

climate, competence of the manager, social and monetary rewards, 

social and professional status. 

When creating conditions and an appropriate environment for 

effective motivation of intellectual staff, managers of organizations 

should pay attention to the following components: 

1. Diagnostic of the problem. It is necessary to make sure 

whether the unsatisfactory performance of the organization is really 

related to the problem of motivation. Such a problem exists when 

there is a discrepancy between expected and achieved results and 

when this discrepancy is caused by insufficient effort rather than 

low ability or capability. 

2. Understanding the nature of motivation. First, it is 

necessary to understand the nature of the process of motivation of 

intellectual activity. For this, it is necessary to: 

- set organizational goals that need to be achieved; 

- understand the needs of knowledge specialists; 

- identify organizational needs and the needs of the specialist, 

his expectations; 

- choose the motivators that will be used. Satisfying the same 

need in two people may require completely different motivators. 

In general, as practice shows, the biggest source of tension 

and frustration for creative specialists who possess knowledge is 

that the routine methods and policies of organizational management 

do not reflect an adequate understanding of their needs and 

expectations as professionals. Today, the most significant needs for 

the motivation of creative specialists are: 

A wide range of powers that do not fit into formal rules, a 

high level of trust and freedom in making many decisions give 
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creative specialists the opportunity to use the results of their work 

through the implementation of innovations. 

Responsibility. Research shows that work itself is a very 

powerful motivator. Creative workers need such work, which is 

considered "their own", where they make decisions, define criteria 

and bear responsibility for possible successes and failures. 

Recognition. Achievement without recognition leads to 

disappointment. Recognition and reward should be both material 

and moral. 

Success. To be well motivated, a creative professional must 

feel that his work is both important and meaningful, and that his 

contribution to the overall cause has real value. Success can be 

achieved even if there is no formal recognition. What is essential is 

success for the sake of success - pride in one's work and awareness 

of the significance of one's contribution to the common cause. 

The listed needs are very important components of the 

motivational system and it is on them that managers should focus 

their attention. That is, the motivation system should stimulate 

creativity, professionalism, freedom of action more than just 

discipline and action. 

3. Selection of incentives for intellectual staff. The 

effectiveness of incentives depends on such factors as the content of 

work; career stage; the type of stimulus used; salary level; 

formation and support of a creative environment open to new ideas; 

working with talented staff, etc. The main incentives include: 

Increase in material reward. Creative specialists to a greater 

extent than other specialists evaluate a specific material reward. 

Salary is even more important than money itself. It is material 

evidence of how employees of mental labor are evaluated in the 

organization. 

Participation in value creation. Earnings should directly 

depend on the value created by employees, that is, there should be 

individualization of wages. One of the most widespread systems for 

stimulating long-term results in global practice is the system of 

options, which provides for the provision of the right to purchase a 

corresponding number of shares in the future as a reward. 

Learning. In a world of high technology, where people 

understand what it is like to master new knowledge or use it in new 

areas, learning is a strong incentive for creative specialists. 

Reputation. Reputation is also a key driver in a professional 

career and any chance to improve it is a very strong motivation for a 

professional. 

Promotion. Previously, career planning consisted mainly of 

planning an employee's promotion up the hierarchical ladder. The 

basis of the strategic planning of the career of employees is the 

optimization of the ratio of professional and hierarchical growth, in 

particular: 

- provision of individual development of a specialist's career 

strategy; 

- achieving the relationship between the goals of the 

organization and the needs and interests of an individual employee; 

- formation of clear and unambiguous receptive criteria for 

official growth; 

- studying the "career potential" of employees for a reasonable 

assessment and reduction of unrealistic expectations; 

- determination of ways of professional growth of employees. 

4. Formation of a creative climate. Effective management of 

creative people requires: 

- hire people with creative potential; 

- hire leaders who stimulate creativity; 

- create a creative climate in the team with reasonable 

freedom, flexibility and autonomy; 

- show trust in employees; 

- ensure a high level of professionalism. 

5. Expansion of managerial competence of creative workers. 

Development of management skills in intellectual staff due to a 

change in the current educational orientation. 

6. Creation of a positive motivational climate. Motivational 

potential can be engaged directly through the setting of a task, 

where work should be seen as a challenge, and thus, worth the 

efforts of a creative individual. 

4. Involvement of intellectual personnel in the 

company 
Any manager should think about the level of involvement of 

his staff in the management of the corporation and its internal life. 

Engagement leads to the fact that employees talk about the 

company and recommend it as a good place to work (67%), 

advertise the company's products and services (78%) and rarely 

leave the company because they are offered higher pay elsewhere 

(4% ) (according to research in Great Britain). 

If we talk about the advantages for the company, which are 

provided by a high level of staff involvement, then the following 

can be noted: 

• a higher level of customer loyalty to the company's products 

and services; 

• 5-10% higher level of customer satisfaction; 

• 10-20% higher profitability from working with clients; 

• 3,800 USD per year more income per employee; 

• lower costs for attracting and retaining talented employees; 

• twice as many qualified applications for an open vacancy; 

• as well as many other advantages compared to competitors. 

The cost of lack of interest in involvement is also impressive. 

According to the Gallup company, based on an analysis of 

American companies, it costs the US economy 270-343 billion 

dollars in losses due to the low productivity of indifferent 

employees. 

Research conducted by Hewitt Associates shows that among 

companies that show more than 10% growth in turnover, there are 

many more companies that pay the closest attention to the issue of 

employee engagement than among companies whose growth does 

not exceed the level of 10%. The level of staff involvement in 

growth leader companies is 20% higher on average. 

Creating the conditions in which engagement can flourish 

requires five components: 

• inspiring leadership; 

• strong corporate culture; 

• focusing on issues of talent development; 

• a strong sense of responsibility; 

• availability and implementation of HR policies and 

procedures corresponding to the company's goals. 

Inspirational leadership. In companies characterized by a 

high level of employee involvement, senior managers are an 

example of commitment to their company and their people, not in 

words, but in deed. They devote a lot of their personal time, 

attention and energy to issues of communication with the company's 

employees. They hold meetings and interviews, personally welcome 

new hires, discuss the company's goals and objectives with 

employees. 

Strong corporate culture. The development and strengthening 

of corporate culture is implemented through employees. Companies 

with a high level of employee engagement more carefully match the 

candidate's competency model with the company's competency 

model, thus obtaining a clearer fit of the hired employee with the 

values of the company's corporate culture. 

Focusing on talent development issues. If the corporate 

culture helps to solve the issue of engagement, then the issue of 

revealing and developing the employee's talents depends on how 

effectively the relevant HR procedures are implemented, how 

attentively the managers, from the direct manager to the CEO, pay 

attention to it. 

A strong sense of responsibility. A high level of involvement 

is characteristic of companies that do a lot to make employees feel 

their personal contribution, their personal responsibility for 

achieving success both personally and for the company as a whole. 

Availability and implementation of HR policies and 

procedures appropriate to the company's goals. The fact that 

consultants have developed a model of competencies for the 

company, written provisions on the personnel reserve or calculated 

the return on investment in the training of sales representatives or 

personnel reserve, in fact, nothing changes in the company. 

Changes happen when the company understands why it is doing all 

this. 
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5. Conclusions 

 
Studying the preliminary results of Industry 4.0, which is 

spreading around the world, allowed us to draw certain conclusions: 

1. This revolution is unique in terms of pace, dimension and 

systematic transformations. 

2. It was driven by digitization and the creation of networks. 

3. Today, the limitations of science are more legal and ethical 

than engineering. 

4. Thanks to the effect of the information platform, values can 

be concentrated in a small number of people. 

5. Automation forces people to change professions, increases 

inequality and can even create tension in society. 

6. Lethal technologies will become more accessible. 

However, optimists believe that humanity can influence the 

course of this revolution so that everyone benefits. 

Therefore, the difference between traditional work and 

intellectual activity requires a full theoretical study and a detailed 

consideration of the essence and content of the latter, an analysis of 

its structure. Of particular interest is the consideration of the 

category of intellectual activity in the light of an interdisciplinary 

approach. 

The main elements of the personnel policy of intellectual 

personnel management are: selection and hiring, motivation and 

organization of work, career growth planning. 
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