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Abstract 
A significant number of installations based on renewable energy 
sources are currently used in energy complexes in regions with high 
solar radiation. In particular, importance is attached to the use of direct 
solar energy conversion systems. The use of solar installations to 
provide thermal and electric energy is one of the promising areas of 
resources and energy saving. For more efficient use of solar energy, 
you can use combined plants that produce both thermal and electrical 
energy. Installations themselves to save materials, space and assembly 
time can be combined with the roof of buildings and structures. The 
authors of the presented work conducted experimental studies and 
obtained comparative characteristics of the operation of thermal, 
photovoltaic and combined solar installations. The main purpose of 
this study is to discuss the possibility of the development of thermal 
design power plants to produce electric power conventional steam to 
work the semi-joint system to exploit an array of solar collectors 
concentrated type parabolic cylindrical in processing the amount of 
thermal energy for steam turbine unit. In the study of the effectiveness 
of different designs to link Matrix complexes solar concentration in 
thermal design of the plant steam and as a measure of effectiveness 
was the use of the amount of savings in the amount of fuel consumed 
for the production of an electric power network, as a result of the use 
of matrix compounds concentrating solar power (CSP) study showed 
economic efficiency and environmental design of the proposed terms 
of the amount of savings the lowest in the amount of fuel consumed 
in the network 177.5 tons/year.  
Design of thermal energy for solar collectors concentrated matrix. 
Accordingly, the decrease in the amount of thermal energy and the 
amount of nitrogen oxides, which produced in the surrounded medium 
0.628 tons. 
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Introduction 

 
Electric power is one of the pillars upon which the modern Renaissance in various forms and the artery that 

feeds the various social and economic activities. In recent years, have been focused most scientific research in the 
field of energy on ways to rationalize the consumption of conventional energy sources and the preservation of the 
environment from pollution sources (Kuvshinov et al., 2019). As a result of this focus to develop means and 
methods for multiple uses of secondary sources of energy and new energy sources and renewable energy in the 
production of electric power (Akatov et al., 2019). The results of recent studies in the field of solar energy to the 
effective use of matrices complexes concentrated solar-type parabolic cylindrical in the production of electric 
power and thermal energy needed for some applications industrial (Kuznetsov et al., 2020). As well as the results 
of previous studies indicated the possibility of increasing the economic efficiency of solar power stations through 
the achievement of a common system for the operation of this type of station on solar radiation energy and 
traditional fuels (Ivanov, 2007). It is essential to have clean air when heat transfers to the collectors for successful 
results. (Cernecky et al., 2015). 

Based on the foregoing, and keep pace with industrial progress and technological development in the area of 
production of electric power and fulfil the requirements of future consumption for the consumption of conventional 
energy sources and to maintain the lowest level of contamination of environment we will address in the current 
study to examine the effectiveness of the development of thermal design power plants to produce electric power 
conventional steam to work the system quasi-common by which trying to exploits the thermal energy matrix of 
the steam turbine unit (Abd Ali and Anssari, 2019). Of course, in this case, must take into account the impact of 
design features and specifications of the steam turbine unit, climatic conditions, and the nature of weather in the 
site being considered on the effectiveness of the proposed design of the station similarities shared solar 
(Alsharkawi and Rossiter, 2016). 
 

The basic design of the plant steam 

 The basic design consists of a steam boiler plant with a production capacity (338.26 tons/hour) and a condensing 
steam turbine unit with one axis, and a design capacity of 120 megawatts. Steam turbine operating at elementary 
properties of steam (T0 = 535 °C, P0 = 128.47 bar). One stage is to re-heat the steam in the boiler (PRH = 29.87) 
bar (TRH = 535 °C), as shown in Figure 1. The steam turbine consists of three cylinders (HPT, IPT, LPT).  
Ready from the expansion of steam boiler (TSB = 540 °C, PSB = 137.47 bar) includes six points to drain the steam 
from the cylinder for the purpose of a retrospective of the heating feed water table (1) (Abdali & Al-Rufaee, 2019). 
 

Table 1.  The properties of steam at various points of attrition of steam turbine. 

point 1 2 3 D 4 5 k 

p 29.8 16.2 9.43 4.7 2.15 0.7 0.5 

TC 329 460 381 296 211 108 34 

 
Designs of the studied Plant similarities shared solar 

The proposed design of the station similarities solar array that contains a matrix of concentrated solar 
collectors of both the concentration type solar parabolic cylindrical parts in addition to those mentioned above in 
the basic design of the steam plant (paragraph 2) (Sviatskii et al., 2020; Domnina and Pivarčiová, 2019). Where 
they are in accordance with the design of the proposed use of concentrated solar matrix complexes in the processing 
of the amount of thermal energy for steam turbine unit through the heating system for water retrospective feed 
water (Abd Ali et al., 2018). Which lead to a decline in the amount of steam from the turbine user for the purpose 
of heating water for retrospective compensation and then the low rate of fuel consumption in the boiler due to the 
fall amount of steam supplier of steam turbine unit (Vologdin et al., 2019). Where the modus operandi of the 
proposed design of the system is similar to the common characteristics and specifications of the design of the 
steam turbine unit. Therefore, the study includes the following methods to the functioning of the station in the 
semi-common (Kuvshinov et al., 2019). 

 
The first method 
In the case of a reserve to increase the rate of increase in the flow of steam in the final stages of the steam 

turbine and the amount of electrical power produced by the generator. In this way, the steam turbine unit works at 
the design flow rate to the amount of processed steam boiler (DO = con) and within the steam turbine is the 
extending amount of steam for the process of non-extracted for the heating retrospective of feed water. Thereby 
increasing the flow rate of steam to the condenser (DK = var.) and then increasing of electrical energy produced 
by the steam turbine (NE = var.) (Cheboxarov et al., 2019). 
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Fig 1.  The basic design of the Steam Station. 

 
The second method  
In the absence of a reserve to increase the power of the generator. In this way is within the steam turbine 

extend the amount of steam for the process of an unextracted heating retrospective of the feed water (DK= var.) 
in this case, the constant amount of Electric energy produced was maintained (NE = con.). This leads to a lower 
rate of consumption of fuel in the boiler (Abd Ali et al., 2020). 

 
The third method 
In case of the absence of a reserve to increase the steam flow rate in the final stages of the steam turbine. In 

such a way as to reduce the amount of processed steam for steam turbine unit by the largest amount of non-steam 
extracted retrospective of the heating process of water nutrition (Blatnický et al., 2020). In order to maintain the 
rate design for the flow of steam in the last stage of the steam turbine (Dk = con), which lead to a decline in the 
amount of electricity produced (NE = var.) of the turbine unit and decline the rate of consumption of fuel in the 
boiler. From the foregoing that the effectiveness of the proposed design of the plant similar to the common solar 
system will depend on how connecting solar concentrated matrix complexes in the thermal design of the steam 
plant (Figiel and Klačková, 2020). This is in addition to the technical limitations of the workstation in the solar 
system similar to the joint (Cheboxarov et al., 2019). To that end, in the current study, the following proposal is to 
link the design matrix complexes concentrated solar heating system in the retrospective of the feed water (Škare 
et al., 2020). 
 

First Studied Design 

This is according to the suggested design (Figure 2). Link matrix complexes solar concentrated with a tank 
of disarmament air and gases dissolved in the water feeding (D). Thus, in the case of solar radiation is processing 
the amount of thermal energy producing a matrix complexes Dream Castle solar heating system to the retrospective 
of feed water (Pástor et al., 2020; Pavlenko et al., 2020). This leads to a decline in the amount of steam turbine 
extracted from steam tanks to remove dissolved air and gases (Layth et al., 2019). then either increase the power-
producing steam turbine unit in the first case the way for the operation of the station. If the first method for the 
operation of the station in the system is similar to a joint or lower the amount of processed steam turbine unit in 
the case of the other methods of joint working station solar similarities and thus drop the amount of fuel consumed 
to produce electricity (Guryev et al., 2019). 
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Fig.2.  The design considered the first to link a solar matrix collector at the plant steam. 

 

The second studied design  

As is well known when using the process of re-heating steam in the thermal design of the steam plant to be 
the maximum temperature of the steam turbine extracted of steam for the purpose of heating water retrospective 
Nutrition is located at the point of attrition after re-heating operation directly (Abdali et al., 2020). So as to reduce 
the amount of loss in the steam extracted to the process of heating retrospective and increase the effectiveness of 
the proposed design of the station near the joint has been developed design considered the first (paragraph 3-1), 
where it was in accordance with the proposed design (Fig. 3) processing the amount of thermal energy produced 
for a matrix solar collectors for concentrated, heated gases II (FWH2), which lead to a decline in the amount of 
steam turbine extracted of steam heaters for a kinetic second, (FWH2) and third (FWH3) and tank removal of 
dissolved air and gases and this will depend on the amount of thermal energy to the design matrix Concentrated 
solar collectors on the amount of thermal energy needed for heating feedwater heater in the heat of this second 
addition to the technical parameters of the functioning of the proposed design of the system similar to a common 
(Almsater et al., 2016). 
 

 

 
 
 

Fig. 3.  The design considered the second to link the matrix compounds in the Solar Steam Plant. 

 

The third studied design  
Featuring some of the designs of conventional steam stations, the high number of heaters in the thermal 

heating system used in the retrospective of water nutrition, which lead to a decline in the amount of thermal energy 
needed to heat the feed water and condensate in the main heated gases (Abdali et al., 2020). 
In order to increase the effectiveness of the proposed design of the station shared similarities in the case of falling 
solar thermal energy design of the heated gases and when there is a big reserve to increase the flow rate of steam 
in the final stages of the steam turbine has been considered second to modify the design (paragraph 2.3). Where 
they are in accordance with the proposed design (Fig. 4) processing the heat transfer fluid. After his release from 
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matrix compounds concentrated solar to the tank remove the air and dissolved gases as well as to system heating 
retrospective of the feed water with high pressure, taking into account the amount of loss in the steam out of the 
system, which leads in the case of design lessons (Fig. 4) any decline in the amount of steam. Leech of steam 
turbine for heating the heated gases in retrospective II (FWH2) removal and tank air and gases dissolved (D) in 
addition to heated gases III (FWH3) and this will depend on the amount of thermal energy to the design matrix 
complexes the concentrated solar thermal energy needed to heat the heated gases in the retrospective and the 
second tank remove dissolved air and gases. matrix complexes in the plant steam (González-Roubaud et al., 2017). 
         

 

 

Fig 4.  The design considered the third link solar matrix complexes in the plant steam. 

 

Material and Method of studying the effectiveness of the proposed designs 

To study the effectiveness of using solar concentrated matrix complexes of the type of parabolic cylindrical 
in thermal design of the conventional steam plants, it requires the expense of several different alternatives of the 
proposed design of the plant similar to the common solar features from each design change considered to link the 
matrix complexes concentrated in solar thermal design unity turbine steam and the way the leg work in the semi-
joint. In a measure of the effectiveness of economic and maintaining the lowest level of pollution of the central 
Pacific was to study the adoption of the amount of savings in the amount of fuel consumed for the production of 
electric power network as a result of the use of matrix compounds in solar thermal design of the plant steam so 
they can reflect the amount of savings in the amount of fuel consumed for the production of electric power the 
following relationship: (Janič et al., 2019; Rimar et al., 2020) 

 
 

 
 

Where:  
 BSB (BSB) - Fuel consumption rate of the boiler in the basic design of the steam plant and the proposed 
design of the joint sub-station solar order (ton\hr) 
EST - The efficiency of the plant for the production of countervailing power 
Qcv - Calorific value of fuel quality (kJ/kg) 
DNE - Amount of change in the amount of electrical power produced by steam turbine unit as a result of the 
use of concentrated solar array complexes (MW) and is calculated from the following relationship: 
 

 
                                                    
 NE, (NE)0 - Electricity-producing steam turbine unit in the basic design of the plant steam and proposed 

design of the plant similar to the common solar order (MW). 
Thus, the appropriate replacement is the one that gives the maximum value of the integration of equation (1) year-
round (Repko et al., 2020). To undertake this study method was used mathematical modelling. Where was written 
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algorithm, the mathematical model proposed for the station in accordance with the nature of the technical and 
physical designs studied and the way the work station in the system similar to the common solar, according to the 
methods adopted and used to conduct these types of accounts and method of calculating the thermal design of the 
steam stations. 
- Clear sky method to estimate the amount of solar radiation on the surface of the land (Conrado et al., 2017). 
- Method of calculating the thermal design and specifications for the design of solar collectors concentrated 
parabolic cylindrical. It should be noted that the study was to calculate the amount of solar radiation on the surface 
of the earth the adoption of the nature of weather and climatic conditions of the station site at the corner of latitude 
37.78 degrees (Vins et al., 2020). In addition, the properties used in the approved design for concentrating solar 
collectors. 
 

Results of a study the effectiveness of the station similarities shared solar system  
The effectiveness of the proposed design for the station similarities common solar mainly on the properties 

and specifications design of the unit turbine steam. So it has been a study to examine the effect of method of 
operation of the proposed design of the system similar to a common solar (paragraph 3) on the amount of savings 
in the amount of fuel consumed by the relationship (1) and determining the effectiveness of designs studied to link 
the matrix complexes concentrated solar in the thermal design of the plant steam (Klačková et al., 2019). The 
results indicate that the proposed design of the station common solar design in the case considered the first high 
amount of savings in the amount of spent fuel (DBST) with more time virtual (LAT) in the morning (Fig. 5) to be 
up to the maximum value at midday (LAT= 12 h) dropped by the virtual g. The reason for this is to increase the 
amount of thermal energy-producing complexes concentrated solar array (QSC) as a result of the high amount of 
solar radiation that falls on the surface of the matrix (ETA). 

Then decline in the amount of steam from the turbine steam extraction to remove the air tank and dissolved 
gases and therefore the high amount of the increase in the amount of electric power-producing steam turbine unit 
(DNE) according to the method first proposed design for the operation of the system similar to common solar 
(Kuric, 2019). Then, as shown in Fig. (5) start value of the amount of savings in the amount of fuel consumed in 
the fall increase time with the virtual. 

 

Fig.5.  The relationship of the design specifications for the station-shared similarities with the solar time in the case of virtual design and the 

way I studied first for the operation of the station. 
 

Because of the decline in the amount of direct solar radiation that falls on the surface of a matrix complex, 
concentrated solar and low efficiency of this matrix (Puškár et al., 2019). Leading to a decline in the amount of 
electricity-producing steam turbine unit as a result of low thermal energy produced for solar matrix collectors. It 
is noted from Fig. (5) increase the efficiency of solar matrix collectors in the morning (LAT< 12 h) for the operation 
of solar matrix collectors and a decrease in the evening (LAT> 12h). The reason for this could be interpreted to 
increase the amount of solar radiation absorbed and the high temperature of the surrounding medium in the 
morning. Then increase the amount of thermal energy produced for solar matrix collectors by the biggest rise in 
the amount of heat loss to the middle of the ocean (Kuric, I., Císar, M. et al., 2017). Either in the evening, the 
amount of decrease in the amount of thermal energy produced for the matrix solar collector is greater than the 
decline in the amount of heat loss to the middle of the ocean has been studying the impact of the second design 
considered (paragraph 2.3) and third (paragraph 3.3) on the effectiveness of the proposed design of the plant similar 
to the common solar system. As seen from Fig. (6) the high amount of savings in the amount of fuel consumed 
(DBST) and the amount of the increase in the amount of electricity produced (DNE) compared with the design 
considered the first (Fig. 5) due to the increase in the amount of thermal energy to the design matrix solar collectors 
(QSA3 = 21MW), QSA2 = 14 MW). The decline in the amount of loss extracted steam for heating water revisionist 
nutrition, particularly in the second heat of the heated feed water and then rise in the amount of work done by 
steam (an extracted retrospective of the heating process) within the steam turbine. As well as shown in Fig. (6) the 
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high effectiveness of the proposed design of the station shared similarities with the increase in the amount of solar 
thermal energy design matrix complexes concentrated solar. 

 

Fig. 6.  The relationship of the design specifications for the station shared similarities with the solar time in the case of virtual designs 

studied the second, third and first method of operation of the station. 

 
So studied the effect of using the second method for the operation of the proposed design of the station 

similarities shared solar on the amount of savings in the amount of fuel consumed (DBST). Where we note from 
Fig. (7) as compared to (6) that there are closely related to the amount of savings in the amount of fuel consumed 
with the virtual time. But in this case, an increase in the amount of thermal energy-producing compounds 
concentrated matrix leads to a high amount of the increased rate of flow of steam in the final stage of the steam 
turbine (DDK) (Dodok et al., 2017). The amount decline in the amount of processed steam for steam turbine unit 
(DDO) and then the low rate of fuel consumption of the boiler as a result of the fall in the amount of steam-
producing boiler in a solar system similar to the joint. As well as shown in Fig. (7), there is a slight decrease by 
savings in the amount of fuel consumed, compared with (Fig. 6). 

 

Fig. 7.  The relationship of the design specifications for the station shared similarities with the solar time in the case of virtual design, 

considered the third and second method of operation of the station. 

 

The reason for this is due to the slight difference between the efficiency of the station compensated to produce 
electric power and the efficiency of the basic design of the plant steam ((EST)0= 0.395). It is noted from Fig. (7) 
that the amount of decline in the amount of steam supplier of steam turbine unit greater than the amount of the 
increase in the rate of flow of steam in the last stage of the steam turbine. Because of the high extracted steam to 
the heating process in retrospective heaters heat that affects them the amount of thermal energy-producing 
complexes concentrated solar array in accordance with the design considered the third has been studying the impact 
of the use of third way for the operation of the proposed design of the plant similar to common on the amount of 
solar saving the amount of fuel consumed during the month (DBM) at different values of the efficiency of the plant 
for the production of countervailing power (EST). Where the notes of Figure (8) high amount of savings in the 
amount of fuel consumed during the month in the summer (8, 7, 6, 5 months) compared with winter months (2, 
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1.12, 11). The reason for this could be interpreted to increase the amount of direct solar radiation that falls on the 
surface of complexes concentrated solar array during summer compared with winter due to the nature of the control 
system used in the routing matrix complexes concentrated solar (radiation centre movement about one axis 
elongated horizontally from the north to the south). This, along with the sun, passes over the northern hemisphere 
during the summer and the weather at the site studied (the angle of latitude 37.78 degrees). Then the high amount 
of thermal energy vector of solar matrix collectors (Liaposhchenko et al., 2019). Thus, an increase in the amount 
of decline in the number of steam suppliers of steam turbine units, which leads to a high drop in electric power-
producing steam turbine units during the month (DNM) and the rate of fuel consumption at the boiler (Kuric, I., 
Gorobchenko, O. et al., 2017). As well as the note of Fig. (8), a high amount of savings in the amount of fuel 
consumed during the month with compensatory increase the efficiency of the plant to produce electric power 
(Wiecek et al., 2019). Because of the low rate of fuel consumption to produce an electric power station is 
compensatory compared with the basic design of the station (Kuric et al., 2021). The integration was conducted 
throughout the year to the amount of savings in the amount of fuel consumed from the relationship (1) and all 
methods studied for the operation of the proposed design of the plant similar to the common solar at different 
values of the efficiency of the plant compensatory. 

 

 
Fig. 8.  Relationship with the amount of savings in the amount of fuel consumed (DBM) and the amount of the decline in electrical power 

produced (DNM) during the month of the station and solar similarities shared different month of the year in the case of the third way for the 

operation of the station. 
 

Discussion 

 
Regarding the steam turbine modelling tool developed in this work, although it is considered to have achieved 

an acceptable level in relation to the legitimate objectives, there is also room for enhancement, especially 
enhancement related to making it more user-oriented and more general in relation to the turbine models available 
in the industry. A new turbine for every time is developed inside the utility; the tool is enhanced with its new 
properties. From an academic point of view, there was no need to automate the instrument with respect to every 
new model of turbine for study. 

 
Conclusions 

 
Results of a study on the effectiveness of common solar plant similarities suggest: 

1. Effectiveness of using concentrated solar array complexes of the type of parabolic cylindrical in processing 
the amount of thermal energy for steam turbine unit through the heating system retrospective of water 
nutrition. Where it reached the lowest savings in the amount of fuel consumed for the production of 
electrical energy (177.5 ton /year) per MW of thermal energy to the design matrix complexes concentrated 
solar, according to the amount of the decrease in thermal energy and the amount of nitrogen oxides in the 
environment surrounding (0.628 ton /year; 5204 GJ/year. MW).  

2. Dependent effective solar station similarities are shared mainly on the properties and design specifications 
of the steam turbine unit. 

3. Compensatory increase the efficiency of the plant to produce electric power by 25% on the efficiency of 
the basic design of the plant steam leads to the high amount of savings in the amount of fuel consumed 
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during the year by 22% in the case of maintaining a fixed rate for the flow of steam in the final stage of the 
steam turbine. 

4. Need for an economic study - to determine the thermal properties and specifications to design the ideal 
matrix of solar collectors, which gives the maximum possible economic effectiveness. 

The use of combined thermal photoelectric installations to provide consumers in the resort and recreational 
complex plays a significant role. This is due to the more efficient possibility of using roof areas for the installation 
of solar thermal photovoltaic installations due to the dense urban development near the place that has a high 
irradiance. Such solar systems make it possible to reduce the occupied areas due to the complete combined use of 
thermal and electrical energy from one receiving surface. 

Generally, the thermal energy demand will be occupied by more than 50% of the total energy expenditure. 
Through the efficient use of the proposed thermal panels, a large amount of environmental heat load will be 
decreased, and a large amount of electricity used will be saved for the thermal applications   
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