
Development of an combined energy 
complex consisting of a micro-hydroelectric 
power plant and a solar photoelectric plant for 
the conditions of Uzbekistan 

Feruza Yusupova1, and Nomomjon Sultanov1*  
1 Fergana Polytechnical Institute, 150107 Fergana, Uzbekistan 

Abstract.  The article develops a block diagram of an energy device that 
serves as the embodiment of a microhydroelectric power station and a solar 
photovoltaic installation. Based on this structural diagram, a combined 

energy device consisting of a solar photovoltaic power plant and a 
microhydroelectric power station was developed and installed for 
experimental research at the family enterprise “Akbarzhon Korki” in the 
Sokchilik microdistrict, Toshlok district. Based on the needs of the family 
business, the electricity generated by a combined power plant consisting of 
a 4 kW solar photovoltaic system and a 0.7 kW microhydroelectric power 
plant was used for lighting systems, a refrigerator, an electric cooking stove, 
and a modem. Internet connection device and video surveillance equipment. 

As a result of the implementation at the family enterprise, 2 124 000 soums 
of electricity produced by the combined energy device were used for the 
enterprise’s own needs during the year, and economic efficiency of 12 599 
000 soums was achieved. 

1 Introduction 

If the world's existing underground fuels are used quickly, then, according to the International 

Energy Agency, oil, the main hydrocarbon fuel, will amount to 1.734 trillion barrels 

worldwide within 53 years, natural gas - 196.8 trillion cubic meters within 60 years, and coal 

- more than 150 years, according to forecasts, it will come with time. Therefore, due to the

uneven distribution of underground fuel resources on a global scale, this leads a number of

countries to economic energy dependence, and the economic development of these countries

is limited due to energy shortages [1-2].

As a result of the use of large amounts of natural gas fuel in the daily life of industry 

during the production of electricity, large amounts of toxic gases are released into the 

environment, as well as the daily depletion of fuel reserves. resources [3-5]. 

The substantially to rapid economic growth and industrialization depends upon the 
electrical energy. To ensure the sustainable development, having reliable, secure and 
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afordable energy service to the community is important [6]. As a result, combining renewable 

resources may be able to meet a greater portion of electricity consumption, while also 

providing a stable and consistent supply of energy [7-8]. Therefore, the transition to the use 

of renewable energy sources becomes a pressing and important issue. 

In this regard, in our republic, special attention is paid to the widespread introduction of 

renewable energy sources in the sphere of social and housing and communal services, as well 

as in sectors of the economy to cover the energy deficit by increasing energy efficiency. In 

particular, a subsidy has been established in the amount of 1000 soums from the state budget 
for each kilowatt-hour of electricity produced by solar panels installed on private facilities 

and transferred to a unified electric power system [9]. Also, continuous electricity production 

is realized through the modernization of existing micro-hydroelectric power plants, the 

development of new types and combining them with solar photovoltaic power plants. 

The use of alternative energy sources makes it possible to reserve sources of electrical 

energy. Each converter in an alternative energy source has its own disadvantages. This leads 

to the combination of two different types of energy sources to overcome these disadvantages, 

i.e. solar panels are used during the day or when water flow is low, while microhydropower 
is used in the evening or when the weather is cloudy. 

A scheme for parallel connection of two or more renewable energy sources was proposed 

by A. V. Akkuratov and others. When two or more renewable energy sources are connected 

in parallel, their voltages are not the same. If the voltage of one of the two energy sources is 

greater, this source supplies the consumer with electricity. Low-voltage sources, instead of 

providing energy, switch to energy receiving mode. Some of the energy of the energy source 

is lost to other sources, causing excessive energy losses, resulting in a decrease in its energy 

efficiency [10]. 
      To overcome this, a block diagram of an integrated energy device was developed, 

consisting of a solar photovoltaic power plant and a microhydroelectric power plant, as a 

result, it became possible to increase its energy efficiency by connecting a solar photovoltaic 

power plant. plant and micro-hydroelectric power station successively over time. 

Figure 1 shows a simplified version of the energy system based on renewable energy 

sources, presented in utility model FAP 02108 for two sources: a block diagram of an 

embodied energy device consisting of a solar photovoltaic plant and a microhydroelectric 

power plant [11]. 
The power plant works as follows. Electricity will be produced by solar photovoltaic 

power plant No. 1 (solar energy) and microhydroelectric power plant No. 2 (water flow 

energy). Rectifier 3 adjusts the voltage of the micro-hydroelectric power station to constant. 

The first control unit 6 measures voltages and generates pulses, the duration of which is 

determined by their magnitude. These pulses are supplied to switches 4 and 5, which operate 

alternately, and to boost converter 7, which does not operate sequentially. As a result, the 

boost converter receives energy from sources through open switches and generates a stable 

voltage at its output. 
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Fig. 1. Block diagram of a combined energy device consisting of a solar photovoltaic plant and a 
microhydroelectric power plant. The combined energy complex consists of the following: 1-solar power 
plant, 2-microhydroelectric power plant, 3-rectifier, 4 and 5-controlled switches, 6-first control device, 
7-boost converter, 8-second control device, 9 – current measuring device, 10 and 11 - controlled 
switches, 12 and 13 - a device for measuring current, 14 - battery, 15 - ballast load, 16 - inverter and 17 

- load. 

The second control unit 8 controls the operation of the energy accumulator 14, the ballast 

load 15, designed to consume excess power, and the load 17, which receives energy through 

the inverter 16 through current measuring devices 9, 12 and 13, as well as using controlled 

switches 10 and 11, excess power is transferred to the ballast load, controls battery 

consumption and charging. 

2 Materials and methods  

 To determine the geometrical and hydraulic parameters of the Archimedes screw, certain 

characteristics will be fixed to facilitate the study. In Figure 2, the screw parameters are 

shown.The geometric parameters of an Archimedean screw are [12]: 

• the outer radius Ra 

• the inner radius Ri 

• the pitch of the screw S 

• the total length L 

• the threaded length Lb 

• the number of blades N 

• the inclination of the screw β 

The hydraulic parameters are: 

• the inflow Q 

• the geodesic head H. 
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Fig. 2. Longitudinal section of the Archimedes screw turbine 

In the work of [13], the author asserts that the screw performs well when the angle of 

inclination varies from 220 to 450 . We therefore fixed the value of this angle at β = 25◦. 

The number of blades used for the design of the turbine is fixed at N equal to 1 referring 

to the work of Maulana et al. [14] who showed that turbines with one blades have a more 

inclined pressure distribution so that it has better stability. The length of the screw Lb is taken 

equal to 1.89 m. The geodesic drop height is set at 0.8 m depending on the topography of the 
site. Finally, the outer radius Ra is 0,34 m. 

Not all the water entering the Archimedean turbine is involved in generating electricity. 

Part of it flows through the gap between the blades and the frame, and the other part forms a 

layer of excess water after filling the blade capacity to the optimal point. 

To determine the flow rate of water entering the Archimedes turbine, we use the analytical 

model developed by D. M. Nurnberg and K. Rores [15]. 

Rotation speed, n rpm: 𝑛 ≤
50

(2𝑅𝑎)
2
3

 

The ratio of radii r and the ratio of steps l is determined by the following formula: 
 

𝜌 =
𝑅𝑖

𝑅𝑎
                                                               (1) 

𝜆 =
𝑆∙tan𝛽

2𝜋𝑅𝑎
                                                           (2) 

The ratio of volume to revolutions 𝜆𝑣𝑈 is assumed to be 0.98, taking into account that N=1. 

The flow rate of water generating electricity 𝑄𝑊 is determined as follows: 

𝑄𝑊 =
2𝜋2𝑅𝑎

3

tan𝛽
𝜆𝑣𝑈

𝑛

60
                                                  (3) 

The leakage angle values 𝛼3, 𝛼4 and 𝛼5 are found using the algorithm described by Rorres 

(2000): 

 

𝛼3 = 0.478 radians; 
𝛼4 = 2.338 radians; 
𝛼5 = 0.358 radians. 

The determination of the distance between the trough and thescrew Ssp (m) is given 

by Eq. (4) [16, 17]: 

𝑠𝑠𝑝 = 0.0045√2𝑅𝑎                                                           (4) 

The value of the distance dh in the vertical direction between the surfaces of the water 

layers on two adjacent steps of the parrot is found: 
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𝛿ℎ =
𝑆

𝑁
𝑠𝑖𝑛𝛽                                                                (5)  

The water flow 𝑄𝐺  passing through the gap between the blades and the blade is found 
by the following formula: 

𝑄𝐺 = 𝜇𝐴𝑠𝑠𝑝𝑅𝑎 (1 +
𝑠𝑠𝑝

2𝑅𝑎
) √1 + (

𝑆

2𝜋𝑅𝑎
)

2

∙ (
2

3
𝛼3 + 𝛼4 +

2

3
𝛼5) √2𝑔𝛿ℎ           (6) 

The total water flow Q entering the turbine is: 

𝑄 = 𝑄𝑊 + 𝑄𝐺                                                                    (7) 

The mechanical power of the screw shaft Pm is determined from Eq. (18) [18-20]: 

 

𝑃𝑚 = 𝜌𝑔𝑄𝐻                                                          (8) 

3 Results and discussion 

For micro-hydroelectric power plants designed to operate at low pressure, an Archimedean 

screw turbine was chosen.To install the Archimedes screw turbine, the family enterprise 

“Sokchilik Akbarjon korki”, located in the Sokchilik district of the Toshlok district of the 

Fergana region, was chosen as the site. The developed Archimedes screw turbine was first 

installed in a concrete pit and research was carried out in April of the spring season [21]. 

The water height was 0.8 meters, water flow was 0.12 
𝑚3

𝑠
. The mechanical power that 

can be obtained using water flow was 1000 W when calculated using formula (8). Therefore, 

Archimedes installed an asynchronous generator with a power of 700 W on the screw turbine. 

The appearance of the concrete ditch in which the Archimedes screw turbine is to be 

installed is shown in Fig. 3,a. 

 

       
a)                                                                     b) 

Fig. 3. View of the ditch a) and the installation site of the Archimedes screw turbine b) 
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The turbine deflection angle was gradually changed from 100 to 400, and theoretical and 

experimental studies were carried out (Fig. 4). 

 

Fig. 4. Graph of power versus turbine deflection angle 

As can be seen from the graph, at a turbine deflection angle of 250, the maximum 

theoretical power is 1000 W, and the maximum power obtained from the experimental study 

is 684.4 W. 

A graph of the dependence of power on water consumption is shown in Figure 5, and it 
has been established that as the power values obtained in theoretical and experimental studies 

increase, the values of water consumption also increase. 

 

Fig. 5. Graph of power versus water consumption 

Based on the block diagram of a combined power plant, a combined power plant was 

developed, consisting of a 4 kV solar photovoltaic plant and a 0.7 kV micro-hydroelectric 

power plant. Combined energy device: Archimedes screw turbine, 8 solar panels of 500 W 

each, hybrid controller, 2 batteries with a capacity of 60 Ah, ballast load 5 Ohm and power 

3000 W, inverter CH-4000W [22]. A Chinese-made hybrid device under the MARS ROCK 

brand was used as a controller. 
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Fig. 6. Combined Energy Device Installation Location 

To convert direct current into alternating current, a CH-4000W inverter manufactured by 

the Republic of China was used. 

Lighting systems for the area where the family business is located, a refrigerator, an 

electric stove for cooking, video surveillance devices and modem devices for connecting to 

the Internet were connected, that is, a load with a total power of 3796 W. 

The operating modes of the loads are shown in Table 1. Since there was no need for a 

daylighting system, electric lamps were used in the evenings. Loads such as a video 
surveillance system, a modem device, and a refrigerator worked constantly connected. 

During the day, the main load was the electric stove for cooking, and it worked for more than 

10 hours. When measuring the electricity supplied by the inverter with an electric meter in 

the period from 08:00 to 19:00, it was found that 30 kWh of electricity was supplied. 

Table 2. Operating modes of consumers. 

Loads Froom 08-00 to 19-00 Froom 19-00 to 08-00 

Power, 

W 

Quan

tity, 

units 

Total 

power, 

W 

Working 

time, 

hour 

Power, 

W 

Qua

ntity, 

units 

Total 

power, 

W 

Working 

time, 

hour 

Lighting system 

(electric lamp) 

15 2 30 2 15 24 360 4 

12  1  12  1 12 18 216 5 

10  1  10  2 10    5  50 5 

Video 

surveillance 

system 

  400  1 400 11   400  400 13 

Internet modem  20  1 20 11 20   20 13 

Elektr stove for 

cooking 

2 500  1 2 500 10     

Fridge 250  1 250  4 250  250 3 

Total power, W   3 222    1 296  

 
 From 19:00 in the evening until 08:00 in the morning, the combined energy device began 

to operate with a maximum load of 1296 W. The electricity generated by the Archimedes 
screw turbine was used to power consumers through an inverter and to charge the batteries, 

delivering a total of 10 kWh of electricity. 

Using measuring instruments, the daily values of the output voltage and current of the 

solar power plant and micro-hydroelectric power station were determined. The graph of daily 

capacity utilization of KUE is shown in Figure 7. 
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Fig. 7. Power graph of solar power plant, microhydroelectric power plant and integrated energy 
device as a function of time during the day. 

As can be seen from the graph, the electricity was taken from the solar photovoltaic plant 

because the electricity generated by the Archimedes screw turbine was required less during 

the day. Solar radiation increased to a maximum of 3898.78 W from 08:00 to 13:00 and 

decreased from 14:00 to 19:00. In the evening, when there was no sunlight, an Archimedes 

screw turbine was used. 

As a result of the introduction of a combined energy device at a family enterprise, 
2,124,000 soums of electricity produced by the device were used for the enterprise’s own 

needs during the year, the economic efficiency amounted to 12,599,000 soums. 

The structural diagram of the developed combined power plant has an energy efficiency 

of 14%. 

When calculating the results of theoretical and experimental studies of a solar 

photovoltaic installation using the coefficient of determination formula, the error was 3%. 

When calculating the results of theoretical and experimental studies of microhydroelectric 

power stations using the coefficient of determination formula, the error was 8%. 
When calculating the results of theoretical and experimental studies of a combined energy 

device using the coefficient of determination formula, the error was 4%. 

The maximum power of the combined power device was 4700 W, and the power obtained 

in experimental studies was 3796 W. The net power factor is determined using the following 

formula. 

𝜂 =
𝑃𝑒𝑥𝑝

𝑃𝑚𝑎𝑥

=
3796

4700
= 0.807 

 

The efficiency of the combined power plant was 0.807 or 80.7%. 

As a result of the introduction of a combined energy device at a family enterprise, over 

the course of a year, the electricity generated by the device was used for the enterprise’s own 
needs for 2 124 000 soums, and economic efficiency was achieved for 12 599 000 soums. 
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4 Conclusion 

An Archimedes screw turbine was chosen for a low-pressure microhydroelectric power 

station, and experimental studies were carried out at the Sokchilik family enterprise 

“Akbarzhon korki” in the Tashlok region. A block diagram of an energy device has been 

developed that serves as the embodiment of a solar photovoltaic installation and a 

microhydroelectric power station. Based on this block diagram, a combined power plant was 

developed, consisting of a 4 kW solar photovoltaic plant and a 0.7 kW microhydroelectric 

power plant. Based on the needs of the family business, loads such as lighting system, CCTV 
system, modem device, electric cooking stove and refrigerator were connected and 

uninterrupted power supply was achieved for the family business. 

References 

1. T. Nosirov, et.al, Prospects for the development of renewable energy in Uzbekistan 

(Tashkent 2007) 

2. O.O. Bozarov, et.al, Oriental Renaissance: Innovative, educational, natural and social 

sciences 2(9), 720-728 (2022) 

3. N.R. Avezova, et.al, Appl. Sol. Energy 58, 697–707 (2022) 

https://doi.org/10.3103/S0003701X22600977 

4. M.R. Qariyev, A.A. Abdujabbarov, Scientific newsletter of NamSU-2022, special 

issue, pp 1012-1022 (2022) 

5. F.T. Yusupova, Assessing the environmental performance of a combined microhydro-

solar photovoltaic power plant. Proceedings of the international scientific and practical 

conference: “Engineering research, innovation and investment in the field of energy 

and industry” (Institute of Energy of Tajikistan, 2023) 

6. A. Hizkiel Nebey, Renewables 8(4) 213-23 (2021) https://doi.org/10.1186/s40807-021-

00067-w 

7. Bayu Endeshaw Solomon Etal, Wind, mdpi, pp.68-86 (2022) 

https://doi.org/10.3390/wind2010005  

8. S. F. Ergasheva, U. R. Salomova, D. R. Otamirzaeva, A. A. Kuchkarova, and A. M. 

Abdullaeva, Applied Solar Energy 59(4), 519–524 (2023) 

9. Resolution of the President of the Republic of Uzbekistan dated February 16, 2023 No. 

PQ-57 “On measures to accelerate the implementation of renewable energy sources 

and energy-saving technologies” 

10. A.V. Akkuratov, S.N. Kuznetsov, V.B. Glikin, V.L. Shilin, Sposob bespereboynogo 

elektrosnabzheniya potrebiteley elektronericheskoy sistemy, rabotayushchey na 
vozobnovlyaemyx istochnikakh energii. Patent RU No. 2153752, S1 H02 J 3/28, 3/32 

dated 07.27.2000, BI No. 21 

11. A.M. Kasimakhunova, et.al, Official Bulletin #10. Utility model patent FAR 02108, 

31.10.2022 

12. Mahouton Justine Carine Adjassa, Gabin Koto N’Gobi, Hagninou Elagnon Venance 

Donnou, Cleґment Adeґye`mi Kouchade, Basile Bruno Kounouhewa, Journal of the 

nigerian society of physical sciences 5, 1-9 (2023) 

13. S.E. Frid, et.al, Appl. Sol. Energy 59, 26–29 (2023) 

https://doi.org/10.3103/S0003701X23600662 

14. M.I. Maulana, A. Syuhada, M. Nawawi, AIP Conf. Proc. 1931, 030037-1 (2018) 

 
 

 

, 05027 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405027 84

9

RETRACTED

https://doi.org/10.3103/S0003701X22600977


15. Dirk Nuernbergk, Chris Rorres, Journal of Hydraulic Engineering February 213-220 

(2013) 

16. 1J. Rohmer, D. Knittel, G. Sturtzer, D. Flieller, J. Renaud, Renewable Energy 94 

(2016) 

17. S.A.Raza, Genarating electricity by using sewage water (Near East University, 

Nicosia, 2015) 

18. T. Saroinsong, R. Soenoko, S. Wahyudi, M.N. Sasongko, Journal of Engineering 

Science and Technology Review 9 (2016)  

19. M. I. Maulana, A. Syuhada, R. Kurniawan, Journal of Advanced Research in Fluid 

Mechanics and Thermal Sciences 61 (2019) 

20. O.S. Abdullah, W.H. Khalil, A.H. Kamel, A.J. Shareef, Journal of Power and Energy 

Engineerin 8 (2020) 

21. F.T. Yusupova, Uzbekhydroenergetika scientific and technical journal 2(18), 31-33 

(2023) 

22. F.T. Yusupova, Construction of micro-hedp and solar photoelectric plantaspects 

acceptable combined energy operating the device, Collection of the scientific and 

practical conference of the Institute on the topic "Talented students, masters, doctoral 
students and independent researchers", pp 112-114 (2023)  

23. F.T. Yusupova, FarPI Scientific and Technical Journal 27(6), 106-113 (2023) 

 
 

 

, 05027 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405027 84

10

RETRACTED


	1 Introduction
	2 Materials and methods
	3 Results and discussion
	4 Conclusion
	References



