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Abstract: The exergy analysis of deaerator at three different steam power plant loads is performed in this paper. Also, the influence of the 
ambient temperature change on deaerator exergy efficiency and losses is analyzed. From the exergy viewpoint, deaerator operation shows 
the best characteristics at middle and high power plant loads. The lowest deaerator exergy destruction of 363.94 kW and the highest exergy 
efficiency of 93.27 % will be obtained at middle power plant load and at the ambient temperature of 5 °C. The highest deaerator exergy 
destruction of 1349.99 kW and the lowest exergy efficiency of 81.83 % will be obtained at low power plant load and at the ambient 
temperature of 45 °C. Deaerator operation is preferable at the lowest possible ambient temperature, regardless of the current power plant 
load. 
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1. Introduction 
 

    Steam power plants in general, regardless of their type, 
characteristics or developed power, has a complex condensate/feed 
water heating systems. Such systems are mounted between main 
steam condenser and steam generator. Its main function is 
condensate/feed water heating before it enters steam generator. 
Condensate/feed water heating is ensured with steam extracted from 
the main turbine. The usage of such systems results with fuel 
savings in steam generators and simultaneously with increasing of 
steam power plant overall efficiency.  
    In conventional high-power land based steam plants 
condensate/feed water heating systems can be assembled of a large 
number of components (heaters, pumps, and pressure reduction 
valves) [1], [2]. Number of components in condensate/feed water 
heating systems from marine steam power plants is much smaller 
due to insufficient space. This fact for marine steam power plants 
used in ship propulsion is valid regardless of the marine steam 
power plant has steam re-heating [3] or not [4]. 
    Each condensate/feed water heating system is divided in two 
parts - the first part is a low-pressure condensate heating system and 
the second part is a high-pressure feed water heating system. The 
deaerator is a component which makes that division in any steam 
power plant. As any deaerator has a dual function (water heating 
and deaerating), it is very important for the entire steam system that 
deaerator operation is efficient and optimized. 
    In this paper, exergy analysis of deaerator from low-power 
cogeneration power plant is performed. Analyzed deaerator exergy 
efficiencies and losses were investigated at three different power 
plant loads, according to turbine developed power. The ambient 
temperature variation shows that exergy efficiencies and losses of 
the analyzed deaerator are sensibly dependent on the current 
ambient temperature. 
 

2. Description and operation characteristics of 
deaerator from cogeneration power plant 
 

    The deaerator is a constituent component of any condensate/feed 
water heating system in any steam power plant [5], which is used 
for increasing condensate/feed water temperature before returning it 
to steam generator. Complete condensate/feed water heating system 
is therefore mounted between main steam condenser and steam 
generator. 
    Deaerator divides condensate/feed water heating system at two 
parts - first part is the low-pressure condensate heating system 
(between the main steam condenser [6] and deaerator) and the 
second part is the high-pressure feed water heating system (between 
deaerator and steam generator [7]). 
    In operation, deaerator has a dual function. The first function is 
condensate/feed water heating-deaerator is open condensate/feed 
water heater with direct mixing of water and superheated steam 
extracted from the main power plant turbine. The second deaerator 
function is to remove dissolved gases from condensate/feed water 

(deaerating) to prevent fast and intensive corrosion of steam system 
components and pipelines. 
    A deaerator analyzed in this paper, along with necessary 
operating points for the exergy analysis is presented in Fig. 1. 
Deaerator has four flow stream inputs: first is condensate flow 
stream from low-pressure condensate heating system (condensate is 
delivered to deaerator by condensate pump [8]), second is steam 
extracted from the main turbine, third is make-up water which is 
used to replenish the system with the lost water and finally fourth is 
condensate (condensate obtained from heating steam) from the first 
high-pressure feed water heater (this condensate is delivered to 
deaerator through pressure reduction valve [9]). Only output from 
the analyzed deaerator is feed water stream which passed through 
high-pressure feed water heating system for additional heating 
before entering the steam generator. 
 

 
 

Fig. 1. Scheme and operating points of the analyzed deaerator 
 

3. Deaerator exergy analysis 
 

3.1. Exergy analysis equations for a control volume 
 

    The mass balance equation for any control volume in steady 
state, regardless of the number of inputs and outputs, can be defined 
according to [10] as: 

 

 ��� OUTIN mm ��  (1) 
 

    The main exergy balance equation for a control volume in steady 
state is defined according to [11] and [12] as: 
 

 Dex,ININOUTOUTheat EmmPX ���� �� ������ ��  (2) 
 

    Where the exergy transfer by heat ( heatX� ) at temperature T can 

be defined according to [13] by an equation: 
 

 Q
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    Specific exergy, similar to specific enthalpy, represents a heat 
content of any fluid flow with taking into account the conditions of 
the ambient in which fluid flow operates (specific enthalpy does not 
take into account the ambient conditions). According to [14], 
specific exergy can be defined as: 
 

 )()( 000 ssThh ������  (4) 
 

    The exergy power of any fluid flow can be defined, according to 
[15] as: 
 

 � �)()( 000ex ssThhmmE �������� ��� �  (5) 
 

    The exergy efficiency definition depends on the type and 
operation principle of a control volume. In general, exergy 
efficiency can be defined according to [16] by an equation: 
 

 
inputExergy

outputExergy
ex ��  (6) 

 

3.2. Exergy analysis equations of deaerator, according to 
presented operating points 
 

    For the deaerator analyzed in this paper, exergy analysis 
equations are defined according to operating points from Fig. 1. 
Deaerator exergy analysis equations are written in the same manner 
as exergy analysis equations for any other open heater (heater with 
two fluids mixing).  
 

    Deaerator mass balance: 
 

 43215 mmmmm ����� ����  (7) 
 

    Deaerator exergy balance: 
 

    → Exergy power input: 
 

 44332211INex, ���� �������� mmmmE �����  (8) 
 

    → Exergy power output: 
 

 55OUTex, ���mE ��  (9) 
 

    → Exergy destruction: 
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    → Exergy efficiency: 
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4. Deaerator operating parameters at three different 
loads 

 

    The deaerator is analyzed at three cogeneration power plant loads 
(low load, middle load and high load). Data for the deaerator 
analysis (temperatures, pressures and mass flows) of each fluid 
stream flow, according to Fig. 1, at each power plant load were 
found in [17]. The power plant load is directly proportional to main 
steam turbine produced power which amounts 24.3 MW at low 
plant load, 27.3 MW at middle plant load and 27.5 MW at high 
plant load. 
    At each power plant load, for every fluid stream flow (analyzed 
deaerator fluid streams are condensate/feed water and steam) 
specific enthalpies and specific exergies were calculated with NIST 
REFPROP 9.0 software [18] (by using temperature and pressure of 
each fluid stream).  
    Data for the deaerator analysis are presented in Table 1 for power 
plant low load, in Table 2 for power plant middle load and in Table 
3 for power plant high load. 
    Specific exergies of each deaerator fluid stream (in each 
operating point from Fig. 1) depend on the ambient conditions.  

Data for the deaerator analysis are presented for the ambient 
pressure of 1 bar and the ambient temperature of 25 °C, as proposed 
in [19]. This ambient state is considered as a base state. 
    First, the deaerator exergy analysis is performed for the base state 
(at all observed power plant loads). After that, the same deaerator 
exergy analysis is performed at different temperatures. The ambient 
temperature range in which the deaerator was analyzed is selected 
on the basis of the real expected ambient temperature change for the 
cogeneration power plant through the whole calendar year. During 
the ambient temperature change, ambient pressure was kept 
constant (and equal to 1 bar), because in real power plant operating 
conditions significant change in the ambient pressure cannot be 
expected. 
 

Table 1. Deaerator operating parameters-low power plant load  

OP* 
Temperature 

(°C) 
Pressure 

(bar) 

Mass 
flow 

(kg/s) 

Specific 
enthalpy 
(kJ/kg) 

Specific 
exergy 
(kJ/kg) 

1 111.45 5 68.528 467.8 44.671 

2 201.48 5 7.250 2859.0 756.330 

3 24.98 5 12.056 105.2 0.401 

4 151.83 5 8.778 876.7 160.590 

5 151.83 5 96.611 640.4 90.068 

     * OP = Operating Point (according to Fig. 1) 
 

Table 2. Deaerator operating parameters-middle power plant load  

OP* 
Temperature 

(°C) 
Pressure 

(bar) 

Mass 
flow 

(kg/s) 

Specific 
enthalpy 
(kJ/kg) 

Specific 
exergy 
(kJ/kg) 

1 115.29 8.6 25.583 484.3 48.736 

2 247.58 8.6 2.889 2943.0 862.450 

3 24.97 8.6 0.972 105.5 0.762 

4 169.89 7.9 2.750 932.9 184.850 

5 173.27 8.6 32.194 733.4 119.700 

     * OP = Operating Point (according to Fig. 1) 
 

Table 3. Deaerator operating parameters-high power plant load  

OP* 
Temperature 

(°C) 
Pressure 

(bar) 

Mass 
flow 

(kg/s) 

Specific 
enthalpy 
(kJ/kg) 

Specific 
exergy 
(kJ/kg) 

1 110.97 7.9 26.556 466.0 44.504 

2 223.45 7.9 3.111 2893.0 830.460 

3 24.99 7.9 1.000 105.5 0.692 

4 169.89 7.9 2.944 932.9 184.850 

5 169.89 7.9 33.611 719.8 115.160 

     * OP = Operating Point (according to Fig. 1) 
 

5. Deaerator exergy analysis results and discussion 
 

5.1. Deaerator exergy analysis results at the ambient base 
state 
 

    At the base ambient state (25 °C and 1 bar), deaerator exergy 
power input and output are the highest at low plant load, Fig. 2. An 
increase in power plant load (from low to middle load) resulted with 
a significant decrease in the deaerator exergy power input and 
output, while a further increase in plant load (from middle to high 
load) resulted with a slight increase in both deaerator exergy power 
input and output. 
    At the observed power plant loads, range of deaerator exergy 
power input change is between 9959.06 kW and 4247.43 kW, while 
the range of deaerator exergy power output change is between 
8701.57 kW and 3853.68 kW, Fig. 2. 
 

    At the base ambient state during the increase in power plant load, 
deaerator exergy destruction change is directly proportional to 
change in deaerator exergy power input and output, Fig. 2 and Fig. 
3. At low power plant load, deaerator exergy destruction is the 
highest and amounts 1257.49 kW. An increase in power plant load 
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from low to middle load resulted with a significant decrease in 
deaerator exergy destruction. At middle plant load deaerator exergy 
destruction is the lowest and amounts 393.76 kW, Fig. 3. Further 
increase in plant load (from middle to high load) resulted with a 
slight increase in deaerator exergy destruction (from 393.76 kW at 
middle to 439.80 kW at high plant load). 
 

 
 

Fig. 2. Change in analyzed deaerator exergy power inputs and 
outputs at three different power plant loads (base state) 

 

    The lowest deaerator exergy efficiency can be seen at low power 
plant load, Fig. 3. An increase in power plant load from low to 
middle load resulted with a significant increase in deaerator exergy 
efficiency (from 87.37 % at low to 90.73 % at middle plant load). 
From middle to high power plant load, deaerator exergy efficiency 
slightly decreases (from 90.73 % at middle to 89.80 % at high load). 
    According to presented results, at the base ambient state, the 
deaerator optimal operation will surely be at middle plant load 
because at that plant load deaerator has the lowest exergy 
destruction and the highest exergy efficiency. Operation at high 
plant load will also be acceptable for the deaerator - at high power 
plant load deaerator exergy destruction is just slightly higher and 
exergy efficiency is just slightly lower than at the middle plant load. 
 

 
 

Fig. 3. Change in deaerator exergy destruction and efficiency at 
three different power plant loads (base state) 

 

5.2. Deaerator exergy analysis results during the ambient 
temperature change 
 

    Change in the ambient temperature shows that deaerator exergy 
destruction increases with an increase in the ambient temperature 
(and simultaneously decreases with a decrease in the ambient 
temperature), Fig. 4. Ambient temperature was varied between 5 °C 
and 45 °C, which is expected ambient temperature change through 
the whole calendar year for observed cogeneration power plant in 
which analyzed deaerator operates. 
    As can be seen from Fig. 4, the highest deaerator exergy 
destructions, regardless of the ambient temperature, are at low 
power plant load. The lowest deaerator exergy destructions are 
obtained at middle plant load, while at the high power plant load 
deaerator exergy destructions are slightly higher when compared to 
middle plant load. 
    In the observed ambient temperature range (from 5 °C to 45 °C), 
deaerator exergy destruction shows the highest change of 185.04 
kW at low power plant load. At middle power plant load, in the 
observed ambient temperature range, deaerator exergy destruction 
shows change of 59.79 kW, while at high plant load deaerator 
exergy destruction change is equal to 54.32 kW.  
    Deaerator operation at low plant load is highly influenced by the 
ambient temperature change (change of the ambient temperature for 
10 °C resulted with a change in deaerator exergy destruction for 

46.26 kW in average), while deaerator operation at high plant load 
is lowly influenced by the ambient temperature change (change of 
the ambient temperature for 10 °C resulted with a change in 
deaerator exergy destruction for 13.58 kW in average). At middle 
power plant load, change of the ambient temperature for 10 °C 
results with a change in deaerator exergy destruction for 14.95 kW 
in average. 
 

 
 

Fig. 4. Change in deaerator exergy destruction for various ambient 
temperatures at three different power plant loads 

 

    Deaerator exergy efficiency decreases with the ambient 
temperature increase (and simultaneously increases with a decrease 
in the ambient temperature) at any observed power plant load, Fig. 
5.  
    At any ambient temperature, the highest deaerator exergy 
efficiency can be seen at the middle power plant load, while the 
lowest deaerator exergy efficiency is noted at low plant load, Fig. 5. 
At high power plant load, deaerator exergy efficiency is slightly 
lower when compared to middle plant load, regardless of the 
ambient temperature. 
    In the observed ambient temperature range (between 5 °C and 45 
°C) deaerator exergy efficiency shows the highest change of 9.23 % 
at the low power plant load and the lowest change of 6.24 % at 
middle power plant load. Between the observed ambient 
temperatures deaerator exergy efficiency at high plant load shows 
the change of 6.64 %. 
    Deaerator exergy efficiency at low plant load is highly influenced 
by the ambient temperature change (change of the ambient 
temperature for 10 °C resulted with a change in deaerator exergy 
efficiency for 2.31 % in average). Low plant load and high ambient 
temperatures are the worst combination for deaerator exergy 
efficiency - at low plant load and with an increase in the ambient 
temperature from 35 °C to 45 °C deaerator exergy efficiency will 
decrease for more than 3 %. Change of the ambient temperature for 
10 °C results with a change in deaerator exergy efficiency for 1.56 
% in average at middle plant load and for 1.66 % in average at high 
plant load. 
 

 
 

Fig. 5. Change in deaerator exergy efficiency for various ambient 
temperatures at three different power plant loads 

 

    A variation of the ambient temperature shows that deaerator 
operation will be preferable at the ambient temperature as low as 
possible.  
    From the viewpoint of power plant load, deaerator operation 
showed the best results at middle plant load (the highest exergy 
efficiencies and the lowest exergy destructions). High plant load 
showed that deaerator exergy efficiencies will be slightly lower and 
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exergy destructions will be slightly higher in comparison with 
middle plant load. Deaerator operation at low plant load showed the 
worst results - long operation at this regime (from the viewpoint of 
analyzed deaerator) would be undesirable. 

 

6. Conclusions 
 

    This paper presents an exergy analysis of deaerator from 
cogeneration steam power plant at three different plant loads. Data 
of the power plant operation enables calculation of deaerator exergy 
efficiencies and exergy destructions at each plant load. A variation 
of the ambient temperature (in the real expected ambient 
temperature range) shows that deaerator is very sensible from the 
viewpoint of exergy efficiencies and losses on the ambient 
temperature change. The most important conclusions of the 
presented analysis are: 
- The lowest deaerator exergy destruction and the highest exergy 
efficiency are obtained at middle power plant load. At high power 
plant load deaerator exergy destruction is slightly higher and exergy 
efficiency is slightly lower when compared to middle plant load. 
Low plant load is the worst for deaerator operation: at low plant 
load deaerator has the highest destruction and the lowest exergy 
efficiency. 
- The ambient temperature change shows that deaerator operation 
will be preferable at the lowest possible ambient temperature, 
because a decrease in the ambient temperature resulted with a 
decrease in deaerator exergy destruction and with an increase in a 
deaerator efficiency at any power plant load (and vice versa). 
- The lowest deaerator exergy destruction which amount 363.94 kW 
and the highest exergy efficiency (93.27 %) will be obtained at 
middle power plant load and at the ambient temperature of 5 °C. 
- The highest deaerator exergy destruction (1349.99 kW) and the 
lowest exergy efficiency (81.83 %) will be obtained at low power 
plant load and at the ambient temperature of 45 °C. 
- From the viewpoint of the analyzed deaerator, low plant load is 
the operating regime which should be avoided during the majority 
of the power plant operation period. 
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8. Nomenclature 
 

Latin Symbols: Greek symbols: 

E�  the total exergy flow, kW �  specific exergy, kJ/kg 

h  specific enthalpy, kJ/kg �  efficiency,  

m�  mass flow rate, kg/s  

 p pressure, bar Subscripts: 
 P power, kW 0 ambient state 

Q�  heat transfer, kW D destruction (ex. loss) 

s  specific entropy, kJ/kg·K ex exergy 
T temperature, °C or K IN inlet (input) 

heatX�  heat exergy transfer, kW OUT outlet (output) 
 

9. References 
 
[1] Adibhatla, S., Kaushik, S. C.: Energy and exergy analysis of a 
 super critical thermal power plant at various load conditions 
 under constant and pure sliding pressure operation, Applied 
 Thermal Engineering 73, p. 49-63, 2014. 
 (doi:10.1016/j.applthermaleng.2014.07.030) 
[2] Uysal, C., Kurt, H., Kwak, H. Y.: Exergetic and 
 thermoeconomic analyses of a coal-fired power plant, 
 International Journal of Thermal Sciences 117, p. 106-120, 
 2017. (doi:10.1016/j.ijthermalsci.2017.03.010) 
[3] Koroglu, T., Sogut, O. S.: Conventional and Advanced Exergy 
 Analyses of a Marine Steam Power Plant, Energy 163, p. 392- 
 403, 2018. (doi:10.1016/j.energy.2018.08.119) 
 

[4] Mrzljak, V., Poljak, I., Mrakovčić, T.: Energy and exergy 
 analysis of the turbo-generators and steam turbine for the main 
 feed water pump drive on LNG carrier, Energy Conversion and 
 Management 140, p. 307–323, 2017. 
 (doi:10.1016/j.enconman.2017.03.007) 
[5] Ahmadi, G. R., Toghraie, D.: Energy and exergy analysis of 
 Montazeri Steam Power Plant in Iran, Renewable and 
 Sustainable Energy Reviews 56, p. 454–463, 2016. 
 (doi:10.1016/j.rser.2015.11.074) 
[6] Medica-Viola, V., Pavković, B., Mrzljak, V.: Numerical model 
 for on-condition monitoring of condenser in coal-fired power 
 plants, International Journal of Heat and Mass Transfer 117, p. 
 912–923, 2018. (doi:10.1016/j.ijheatmasstransfer.2017.10.047) 
[7] Mrzljak, V., Prpić-Oršić, J., Senčić, T.: Change in Steam 
 Generators Main and Auxiliary Energy Flow Streams During 
 the Load Increase of LNG Carrier Steam Propulsion System, 
 Scientific Journal of Maritime Research 32 (1), p. 121-131, 
 2018. (doi:10.31217/p.32.1.15) 
[8]  Poljak, I., Orović, J., Mrzljak, V.: Energy and Exergy Analysis 
 of the Condensate Pump During Internal Leakage from the 
 Marine Steam Propulsion System, Scientific Journal of 
 Maritime Research 32 (2), p. 268-280, 2018. 
 (doi:10.31217/p.32.2.12) 
[9] Mrzljak, V., Poljak, I., Žarković, B.: Exergy Analysis of Steam 
 Pressure Reduction Valve in Marine Propulsion Plant on 
 Conventional LNG Carrier, International Journal of Maritime 
 Science & Technology "Our Sea" 65(1), p. 24-31, 2018. 
 (doi:10.17818/NM/2018/1.4) 
[10] Mrzljak, V.: Low power steam turbine energy efficiency and 
 losses during the developed power variation, Technical Journal 
 12 (3), p. 174-180, 2018. (doi:10.31803/tg-20180201002943) 
[11] Mrzljak, V., Senčić, T., Žarković, B.: Turbogenerator Steam 
 Turbine Variation in Developed Power: Analysis of Exergy 
 Efficiency and Exergy Destruction Change, Modelling and 
 Simulation in Engineering 2018. (doi:10.1155/2018/2945325) 
[12] Mrzljak, V., Poljak, I., Medica-Viola, V.: Energy and Exergy 
 Efficiency Analysis of Sealing Steam Condenser in Propulsion 
 System of LNG Carrier, International Journal of Maritime 
 Science & Technology "Our Sea" 64 (1), p. 20-25, 2017. 
 (doi:10.17818/NM/2017/1.4) 
[13] Mrzljak, V., Poljak, I., Medica-Viola, V.: Dual fuel 
 consumption and efficiency of marine steam generators for the 
 propulsion of LNG carrier, Applied Thermal Engineering 119, 
 p. 331–346, 2017. (doi:10.1016/j.applthermaleng.2017.03.078) 
[14] Tan, H., Shan, S., Nie, Y., Zhao, Q.: A new boil-off gas re 
 liquefaction system for LNG carriers based on dual mixed 
 refrigerant cycle, Cryogenics 92, p. 84–92, 2018. 
 (doi:10.1016/j.cryogenics.2018.04.009) 
[15] Orović, J., Mrzljak, V., Poljak, I.: Efficiency and Losses 
 Analysis of Steam Air Heater from Marine Steam Propulsion 
 Plant, Energies 2018, 11 (11), 3019 (doi:10.3390/en11113019) 
[16] Mrzljak, V., Poljak, I., Medica-Viola, V.: Thermodynamical 
 analysis of high-pressure feed water heater in steam 
 propulsion system during exploitation, Shipbuilding 68 (2), p. 
 45-61, 2017. (doi:10.21278/brod68204) 
[17] Burin, E. K., Vogel, T., Multhaupt, S., Thelen, A., Oeljeklaus, 
 G., Gorner, K., Bazzo, E.: Thermodynamic and economic 
 evaluation of a solar aided sugarcane bagasse cogeneration 
 power plant, Energy 117, Part 2, p. 416-428, 2016. 
 (doi:10.1016/j.energy.2016.06.071) 
[18] Lemmon, E.W., Huber, M.L., McLinden, M.O.: NIST 
 reference fluid thermodynamic and transport properties 
 REFPROP, version 9.0, User’s guide, Colorado, 2010. 
[19] Mrzljak, V., Poljak, I., Prpić-Oršić, J.: Exergy analysis of the 
 main propulsion steam turbine from marine propulsion plant, 
 Shipbuilding Vol. 70., No. 1, p. 59-77, 2019. 
 (doi:10.21278/brod70105) 

INDUSTRY 4.0 2019, SUMMER SESSION

72



 
 

 
 
 

ISSN (Print) - 2535-0153 
ISSN (Online) - 2535-0161 

 
 

 

THEMATIC FIELDS 
TECHNOLOGICAL BASIS OF “INDUSTRY 4.0” 

DOMINANT TECHNOLOGIES IN “INDUSTRY 4.0” 
 

BUSINESS & “INDUSTRY 4.0” 
SOCIETY & „INDUSTRY 4.0” 

 
 
 
 

ORGANIZER 

SCIENTIFIC-TECHNICAL UNION OF MECHANICAL 
ENGINEERING  
“INDUSTRY 4.0” 

 
 
 
 
 
 
 
 
 
 
 

108 Rakovski str., 1000 Sofia 
e-mail: office@industry-4.eu 

www.industry-4.eu 
 
 
 
 
 
 

Year III Volume 1/5 JUNE 2019 



INTERNATIONAL EDITORIAL BOARD 
CO-CHAIRS: 
Prof. D.Sc.  Georgi Popov, DHC, 
Technical University of Sofia, BG 

Prof. Dr. Dr. Jivka Ovtcharova, DHC,  
Karlsruhe Institute of Technology, GE 

MEMBERS:   

Acad. Igor  Bychkov Institute for System Dynamics and Control Theory SB RAS RU 
Cor. member Alexey Beliy National Academy of Sciences of Belarus BY 
Cor. member Svetozar Margenov Bulgarian Academy of Science BG 
Prof. Alexander Afanasyev Institute for Information Transmission Problems  RU 
Prof. Alexander Guts Omsk State University RU 
Prof. Andrzej Golabczak Technical University of Lodz PL 
Prof. Andrey Firsov Saint-Petersburg Polytechnic University RU 
Prof. Bobek Shuklev Ss. Cyril and Methodius University of Skopje NM 
Prof. Boris Gordon Tallinn University of Technology EE 
Prof. Branko Sirok University of Ljubljana SI 
Prof. Claudio Melchiorri University of Bologna IT 
Prof. Cveta Martinovska Goce Delchev University, Stip NM 
Prof. Dale Dzemydiene Mykolas Romeris University, Vilnius LT 
Prof. Dimitar Yonchev     Free Bulgarian University, Sofia BG 
Prof. Dimitrios Vlachos Aristotle University of Thessaloniki GR 
Prof. Dragan Perakovic University of Zagreb HR 
Prof. Galina Nikolcheva Technical University of Sofia BG 
Prof. Galina Zhavoronkova National Aviation University UA 
Prof. Gerard Lyons National University of Ireland, Galway IE 
Dr. Giovanni Pappalettera Politecnico di Bari IT 
Prof. Henrik Carlsen Technical University of Denmark DK 
Prof. Idilia Bachkova     University of Chemical Technology and Metallurgy  BG 
Prof. Idit Avrahami Ariel Univerity IL 
Prof. Inocentiu Maniu Politehnica University of Timisoara RO 
Prof. Iurii Bazhal National University of Kyiv-Mohyla Academy UA 
Prof. Jürgen Köbler University of Offenburg DE 
Prof. Jiri Maryska Technical University of Liberec CZ 
Prof. Katia Vutova Institute of electronics, Bulgarian Academy of Sciences BG 
Prof. Lappalainen Kauko University of Oulo FI 
Dr. Liviu Jalba SEEC Manufuture Program RO 
Prof. Luigi del Re Johannes Kepler University, Linz AT 
Prof. Majid Zamani Technical University of Munich DE 
Prof. Martin Eigner Technical University of Kaiserslautern DE 
Dipl.-Kfm. Michael Grethler Karlsruhe Institute of Technology DE 
Prof. Michael Valasek Czech Technical University in Prague CZ 
Prof. Milija Suknovic University of Belgrade RS 
Prof. Miodrag Dashic University of Belgrade RS 
Prof. Mladen Velev Technical University of Sofia BG 
Prof. Murat Alanyali TOBB University of Economics and Technology TR 
Prof. Nafisa Yusupova Ufa State Aviation Technical University  RU 
Prof. Nina Bijedic Dzemal Bijedic University of Mostar BA 
Prof. Ninoslav Marina University of Information Science and Technology – Ohrid NM 
Prof. Olga Zaborovskaia State Inst. of Econom., Finance, Law and Technologies RU 
Prof. Pavel Kovach University of Novi Sad RS 
Prof. Petar Kolev University of Transport Sofia BG 
Prof. Peter Korondi Budapest University of Technology and Economics HU 
Prof. Peter Sincak Technical University of Košice SK 
Prof. Petra Bittrich Berlin University of Applied Sciences DE 
Prof. Predrag Dasic High Technical Mechanical School, Trstenik RS 
Prof. Radu Dogaru University Politehnica of Bucharest RO 
Prof. Raicho Ilarionov Technical University of Gabrovo BG 
Prof. Raul Turmanidze Georgian Technical University GE 
Prof. René Beigang Technical University of Kaiserslautern DE 
Prof. Rozeta Miho Polytechnic University of Tirana AL 
Prof. Sasho Guergov Technical University of Sofia BG 
Prof. Seniye Ümit Oktay Firat Marmara University, Istambul TR 
Prof. Sreten Savicevic University of Montenegro ME 
Prof. Stefan Stefanov Technical University of Sofia BG 
Prof. Svetan Ratchev University of Nottingham  UK 
Prof. Sveto Svetkovski St. Cyril and St. Methodius University of Skopje NM 
Prof. Tomislav Šarić University of Osijek HR 
Prof. Vasile Cartofeanu Technical University of Moldova MD 
Prof. Vidosav Majstorovic Technical University of Belgrade RS 
Prof. Vjaceslavs Bobrovs Riga Technical University LV 
Prof. Vladyslav Alieksieiev Lviv Polytechnic National University UA 



C O N T E N T S 
 

TECHNOLOGICAL BASIS OF “INDUSTRY 4.0”. DOMINANT TECHNOLOGIES IN “INDUSTRY 4.0” 
 

COGNITIVE STYLES AFFECTING THE PERFORMANCE OF RESEARCH AND DEVELOPMENT (R&D) EMPLOYEES IN 
THE ERA OF INDUSTRY 4.0 
Prof. Dr. Afşin Güngör , PhD. Student Gözde Toprakcı Alp. ...................................................................................................................... ........ 7 
 

PENCIL DRAWN SENSOR FOR APPLICATION IN SMART BOXES FOR INDUSTRY 4.0  
Krzysztof Hackiewicz, M.Sc. Jerzy Weremczuk PhD. ............................................................................................................................. ......... 10 

 

USE OF DRONE BASED IT SYSTEM FOR ROAD POTHOLE DETECTION AND VOLUME CALCULATION  
Mg.Sc.Ing. Zaimis U., Assist.Prof.Dr.Biol. Jurmalietis R., Prof.Dr.Sc.Comp. Jansone A., undergraduate student Kuduma K. ...................... 13 

 

REFERENCE FRAMEWORK AND ARCHITECTURE FOR DEVELOPMENT OF CYBER-PHYSICAL SYSTEMS  
Prof. Dr. Batchkova I. A., Eng. Tzakova D. L., Eng. Belev Y.A. ............................................................................................................... ....... 18 

 

EXPONENTIAL STABILITY AND EXACT SOLUTIONS OF THE BOLTZMANN EQUATION IN TWO SPECIAL CASES  
Prof. Dr. Tech. Sci. Firsov A. ..................................................................................................................................................... ........................ 22 

 

SIMULATION-DRIVEN DESIGN AND OPTIMIZATION OF A NEW TWO-COIL CRUCIBLE INDUCTION FURNACE USING  
THE ALTAIR FLUX3D® SOFTWARE  
Prof. M.Sc. Fireteanu V., PhD and Constantin A.I., PhD student ........................................................................................................... ........... 25 

 

SUPER INKJET TECHNOLOGY MACHINE DEVELOPMENT FOR ADDITIVE 3D MANUFACTURING  
PhD. Oleg Bochov , PhD. Petr Afanasev, Marcel Grooten, Henk van Broekhuyzen, Viktor Startsev, Ivan Mandrik, Veronika Nikonova, 

Artem Smirnov ........................................................................................................................................ ........................................................... 29 

 

MODELING AND SIMULATION OF CIRCULATING FLUIDIZED BED BIOMASS GASIFIERS IN VIEW OF INDUSTRY 4.0  
M.Sc. Gungor A. PhD., M.Sc. Akyuz A.O. PhD., M.Sc. Tuncer A.D., Şirin C., M.Sc. Zaman M. PhD., Gungor C. ...................................... 33 

 

SPECIATION OF C5-C11 HYDROCARBONS GENERATED BY THE HCCI GASOLINE EXHAUST GAS ENGINE 

Ahmad O. Hasan ............................................................................................................................................. .................................................... 36 

 

THE PROBLEM OF CONTROL OF THE VISCOUS INCOMPRESSIBLE LIQUID MOTION THROUGH A PIPELINE SYSTEM  
M.Sc. Sorokina N.V. ............................................................................................................................................ .............................................. 38 

 

USE OF ALGERIAN DAM SLUDGE FOR THE MANUFACTURING OF BINDER GEOPOLYMER  
Dr. Merabtene M., Prof. Dr. Kacimi L. .................................................................................................................................... .......................... 41 

 

ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ ХАРАКТЕРИСТИК МЕХАТРОННЫХ СИСТЕМ С ЦЕЛЬЮ ОБЕСПЕЧЕНИЯ 
ВЫСОКОЙ ИНТЕНСИВНОСТИ РЕФОРМЫ “ИНДУСТРИЯ-4.0”  
Hon.D.Sc. Turmanidze R, Hon.D.Sc. Dasic P., Doctoral Student Popkhadze G., Academic Doctor Vatitadze G. .......................................... 45 

 

INDUSTRY 4.0 LABORATORY  
M.Sc. Vaher K., M.Sc. Vainola V., Prof. PhD. Otto T.  ................................................................................................................. ................... 52 

 

METHODS OF GENERATING DESIGN SOLUTIONS FOR CAD ELECTRONIC PRODUCTS BASED ON A SINGLE DIGITAL 
PASSPORT  
PhD Donetskaya Ju., D. Sc, Prof. Gatchin Yu. .................................................................................................................................................. 54 

 

ANALYSIS OF TOPOLOGIES OF ACTIVE FOUR-QUADRANT RECTIFIERS FOR IMPLEMENTING THE INDUSTRY 4.0 
PRINCIPLES IN TRAFFIC POWER SUPPLY SYSTEMS  
PhD, Associate Professor, Nerubatskyi V., PhD, Associate Professor, Plakhtii O. PhD, Associate Professor, KotlyarovV. ........................... 57 
 

INDUSTRY 4.0: EMERGING CHALLENGES FOR DEPENDABILITY ANALYSIS  
Andrey Morozov, Silvia Vock, Kai Ding, Stefan Voss, Klaus Janschek ................................................................................................. .......... 61 

 

EXERGY ANALYSIS OF TWO WATER PUMPS FROM STEAM POWER PLANT AT FOUR DIFFERENT LOADS  
PhD. Mrzljak Vedran, PhD. Orović Josip, PhD. Poljak Igor, PhD. Čulin Jelena .............................................................................................. 65 

 

THE AMBIENT TEMPERATURE INFLUENCE ON DEAERATOR EXERGY EFFICIENCY AND EXERGY LOSSES  
PhD. Mrzljak Vedran, PhD. Orović Josip, PhD. Poljak Igor, PhD. Čulin Jelena .............................................................................................. 69 

 

 



POWER SYSTEMS EMULATOR BASED ON DCS  
Prof. Ing. Fedor P. PhD., Prof. Ing. Perduková D. PhD. .................................................................................................................................... 73 

 
INVESTIGATION OF STRENGTH OF THICK-WALLED CIRCULAR CYLINDER BY USING BOUNDARY VALUE 
PROBLEMS OF ELASTICITY  
PhD. Zirakashvili Natela .................................................................................................................................................. .................................. 76 

 

OBTAINING THE STRESS - STRAIN BEHAVIOUR OF STAINLESS STEEL AT ELEVATED TEMPERATURES  

Assoc. prof. dr. Leo Gusel .................................................................................................................................................... .............................. 80 

 

ANALYSIS OF THE SMART GRID CONCEPT FOR DC POWER SUPPLY SYSTEMS  
PhD, Assoc Prof., Nerubatskyi V., PhD, Assoc Prof., Plakhtii O.,Dr.Sc., Assoc Prof., AnanіevaO., PhD, Assoc Prof., Zinchenko O. .......... 84 
 

THE APPROACH TO CUT RELEVANT AIRSPACE AREA FOR FLIGHTS PLANNING AND AUTOMATED ROUTING  
Assoc. Prof. Alieksieiev V. PhD., Prof. Alieksieiev I. D.Sc. .............................................................................................................. ............... 88 

 

HIGH PERFORMANCE METAL-MATRIX COMPOSITE COATINGS  
Prof. D.Sc. Sukhova O. ...................................................................................................................................... ................................................. 91 

 

CHOOSING A MODEL TO DETERMINE DEFORMATIONS  
Gladilin V.M., PhD, Associate Professor ................................................................................................................................... ........................ 94 

 

COMPARISION OF TWO SENTIMENT ANALYSIS ALGORYTHMS  
Assoc. Prof. Atanassov A., Senior Lecturer Tomova F. .......................................................................................................... .......................... 97 

 

TESTING OF THE MECHANICAL PROPERTIES OF POLYESTER LAMINATES  
Opačak I., mag.ing.mech., Prof. dr. sc. Marušić V., Hon.D.Sc. Dašić P., Opačak I., dipl.ing.stroj. ............................................................... 101 

 

AUTONOMOUS POWER SUPPLY FOR UNMANNED SPACECRAFT WITH INCREASED RELIABILITY  
Инж. – физик Ташев В. Л., Гл. асистент Манев A. П.. ...................................................................................................................... .......... 104 

 

 

BUSINESS & “INDUSTRY 4.0”. SOCIETY & „INDUSTRY 4.0” 
 
SECURITY 4.0.  PART ONE: SECURITY AND THE FORTH INDUSTRIAL REVOLUTION  
Prof. Radulov, N. PhD ............................................................................................................................................................ .......................... 107 
 
SECURITY 4.0. PART TWO: INDUSTRIAL REVOLUTION 4.0 AND CRIME OF THE FUTURE  
Prof. Radulov, N. PhD ......................................................................................................................................... ............................................. 110 
 
TAXATION AND TAX TRANSFORMATIONS TO THE DIGITAL ECONOMY CONDITIONS  
Doctor of Economics, Professor Tsakaev А., Candidate of Economic Sciences, Associate Professor Khadzhiev M. ................................... 115 
 
ENERGY SECTOR OF THE BAIKAL NATURAL TERRITORY IN TERMS OF IMPACT ASSESSMENT ON THE 
ECOSYSTEM OF LAKE BAIKAL  
PhD Maysyuk E. ............................................................................................................................................ ................................................... 119 
 
MODEL OF EDUCATIONAL SPACE OF THE UNIVERSITY BY MEANS OF PROJECT ACTIVITY  
Nadezhda I. Reimer, Candidate of Pedagogic Sciences,. Gorbachev Kuzbass ................................................................................................ 123 
 
OPPORTUNITIES AND OBSTACLES FOR HUNGARIAN ECONOMIC PLAYERS ALONG THE ROADS BEING PAVED BY 
4TH INDUSTRIAL REVOLUTION  
M.Sc. Megyeri E. PhD., M.Sc. Somosi S. PhD. ............................................................................................... ................................................ 126 
 
THE IMPACT OF INDUSTRY 4.0 ON THE COMPETITIVENESS OF SMES  
DI Bojan Jovanovski, MSc.; Denitsa Seykova.; Admira Boshnyaku; DI Clemens Fischer ............................................................................ 130 
 
INDUSTRY 4.0 COMPETENCIES’ GAP ANALYSIS  
Prof. Dr. Eng. Dumitrescu A., Assoc. Prof. Dr. Lima R., Assoc. Prof. Dr. Chattinnawat W., Prof. Dr. Eng. Savu T. ................................... 136 
 
MODEL OF ASSESSMENT OF LEVEL OF POTENTIAL POSSIBILITIES OF THE TECHNOLOGY APPLIED BY THE 
ENTERPRISE  
Prof. Dr. Sc. Rozhkov I., Lecturer at the Department Zaytsev I., Prof. Dr. Sc. Kudrya A., Prof. Dr. Sc. Larionova I., Lecturer at the 
Department Novikova N. ................................................................................................................................................................... ............... 140 
 
HUMAN CAPITAL AS FACTOR OF MANAGEMENT OF DEVELOPMENT OF BUSINESS ENVIRONMENT OF THE 
ORGANIZATION  
Prof. Dr. Sc. Larionova I., Postgraduate Saydazimova T. .............................................................................................................. .................. 142 



PROCUREMENT MANAGEMENT OF INDUSTRIAL ENTERPRISE  
Prof. Dr. Sc. Larionova I., Lecturer at the Department Stepanyuk N. ............................................................................................ ................. 144 
 
ANALYSIS OF CROSS-COUNTRY DIFFERENTIATION OF CONFORMITY OF WAGES AND LEVEL OF EDUCATION  
PhD in Economic, Associate Professor Pochekutova E. ............................................................................................................... ................... 146 
 
ESTIMATION OF THE INVESTMENT CAPACITY OF UKRAINIANS FOR STUDYING IN EUROPE  
Prof. I. Alieksieiev, D.Sc., Assoc. Prof. A. Mazur, PhD, Assoc. Prof. V. Alieksieiev, PhD ........................................................................... 150 
 
INNOVATIVE APPROACHES TO DETERMINATION OF ECONOMIC DIGITIZATION IN THE MODERN STAGE OF 
ENTERPRISE DEVELOPMENT  
Chernikova N.M. Candidate of Economic Sciences, Associate Professor ....................................................................................................... 155 
 
MEASURING THE LEVEL OF DIGITAL MATURITY OF BULGARIAN INDUSTRIAL ENTERPRISES  
Assoc. Prof. Valentina Nikolova-Alexieva, PhD - Assoc. Prof. Toni Bogdanova Mihova, PhD .................................................................... 157 
 
ZOOTHERAPEUTIC ASPECT OF HUMAN BEHAVIOR WITH A HORSE  
Igor V. Goncharenko, d. agricultural s., prof. ................................................................................................................................... ............... 164 
 
   


