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Abstract. The article is devoted to determining the energy efficiency of a combined solar photovoltaic installation and micro-hydroelectric power station. Methods for increasing energy efficiency when combining a solar photovoltaic installation and a micro-hydroelectric power station are analyzed. The alternating connection method is used when combining a solar photovoltaic installation and a microhydroelectric power station. Using this method, a simulation model of solar photovoltaic plant and micro hydroelectric power station was developed in MATLAB. When the solar photovoltaic plant and the micro-hydroelectric power plant were connected in parallel, the combined power source generated 20577 J of energy, resulting in an energy loss of 3440 J. To overcome this energy loss, a time-varying switching scheme was proposed. When using this structural diagram, there were no energy losses of 18,380 J when operating a solar photovoltaic installation and 5,637 J when operating a microhydroelectric power station, that is, 24,017 J with a combined energy source. The energy efficiency of the combined energy device is increased by 14%. In addition, to determine the energy efficiency of the combined energy device, the ballast resistor R3 was disconnected from the circuit, resulting in 16270 J of solar PV and 2930 J of microhydroelectric power, for a total of 1920 J of energy achieved. 1377 Joules of energy was achieved by regularly monitoring the power and directing the excess to the ballast load.
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INTRODUCTION
[bookmark: _Hlk158142075]Along with the rapid increase in electricity costs throughout the world, which is followed by the high price of fossil fuels, it requires all parties to conduct research in order to find alternative energy sources that are sourced from nature and are environmentally friendly. The development of environmentally friendly energy sources has been carried out since ago by applying various models [1-5]. By reducing dependence on petroleum energy sources through verified energy sources including the development of alternative energy that is cheap, available in abundant quantities, flexible and environmentally friendly [6-8]. According to the energy outlook by IEA based on the stated policies, the development of renewable energy is an important choice for the future energy of theworld which will meet 80% of the growth in global electricity demand to 2030 [9].
Micro hydropower is primarily a tiny hydro technology system with its own set of constraints. It does come with its limitations. The drawback is that the hydro potential is located far off from where the demand is concentrated. To enhance the supply according to demand, funds need to be spent towards connecting the microhydro to the grid system.  Hydropower plants can be large, small, mini, and micro, depending on the ability of water supplies and water flow by the force of gravity [10-12]. Photovoltaic (PV) is the direct use of solar radiation to generate electricity. Different types of PV installations have been exploited for several decades in Europe, which has proven the reliability of the technology itself [13]. However, large-scale diffusion of PV installations in Uzbekistan is still very limited. It is, therefore, of strategic importance to figure out whether solar PV is really (can be) a sustainable option for Uzbekistans energy transition. Life cycle sustainability assessment (LCSA) was selected in this study with the aim to analyze the sustainability of the PV system in Uzbekistan on the project level.
Using alternative energy sources has its drawbacks. When using solar photovoltaic power plants, the opportunity to obtain electricity in the evening is small, and since when using microhydroelectric power stations the level and pressure of running water changes, microhydroelectric power stations do not operate in a uniform manner throughout the entire period of operation. seasons, so their combination is one of the urgent tasks [14].
METHODS
It uses a parallel and series connection method to interconnect renewable energy sources. When using the parallel connection method in the process of combining a microhydroelectric power station and a solar photovoltaic installation, energy is obtained from the source with the highest voltage. Energy is not extracted from the low voltage source, resulting in reduced efficiency of the combined energy device. To improve the efficiency of the device, we use a method of alternating connection of micro-hydroelectric power station and solar photovoltaic installation over time.
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FIGURE 1. Block diagram of a combined energy device consisting of a solar photovoltaic plant and a microhydroelectric power plant: 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 power plant works as follows. Electricity will be produced by solar photovoltaic power plant (solar energy) and microhydroelectric power plant 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. 
RESULTS AND DISCUSSION
[bookmark: _Hlk156154335]MATLAB software was used to calculate the energy efficiency of the combined device. Let us connect in parallel a solar photovoltaic installation and a micro-hydroelectric power station (See Fig. 2). In the model, the solar PV system operates from the first controllable voltage source (orange), and the microhydroelectric power plant operates from the second controllable voltage source (blue). Their control inputs are provided after the signals from Signal Builder 1 and Signal Builder 2 are converted to electrical voltages using MATLAB Function 1 and MATLAB Function 2 blocks.
The output of renewable energy sources depends on solar radiation and water flow. Taking into account the change in these quantities over time, the controlled voltage sources in the model include internal resistances (resistor VR1 in orange and resistor VR2 in blue). The values of internal resistances depend on the voltages E1 and E2 of the sources, which are transferred to resistance values using MATLAB Function 3 and MATLAB Function 4 blocks. In addition, diodes (D1 and D2) are connected in series to each source, protecting them from switching to consumer mode.
The red resistor R1 is used as the main load and the green resistor R2 is used as the ballast load. 
The operating period of the model is set to 12 seconds, which allows us to simulate the 12-hour operating mode of a real device.

[image: ]
[bookmark: _Hlk189840856]FIGURE 2. Diagram of parallel connection of solar photovoltaic station and micro-hydroelectric power station
The model in Figure 2 is activated and the energy is measured using meters. The solar power plant produced 17,470 J of energy, and the microhydroelectric power plant produced 3,107 J.
 			(1)
We will see the operating status of the solar station. In this case, resistor R3 with a high resistance is connected to the second micro-hydroelectric power source in series (See Fig. 3).

[image: ]
FIGURE 3. Diagram of a solar power plant in working order

During operation of the solar power plant, the microhydroelectric power plant produced 18380 J and zero energy.

Let's see how micro-hydroelectric power station works. Resistor R3 with a high resistance is connected in series to the first controlled source of the solar installation (see Fig. 4).

[image: ]
[bookmark: _Hlk189865972]FIGURE 4. Diagram of micro-hydroelectric power station in working condition

When the micro hydro power plant was operating, the solar power plant produced zero cost and the micro hydro power plant produced 5637 J of energy.

We analyze three cases. In the first case, when two sources were connected in parallel, the generated electricity was 20577 J. In the second and third cases, when each source worked separately, the electricity generated was as follows.
 			(2)
When connecting sources in parallel, energy losses occur, i.e.
			 (3)
will be equal.
In our proposed structural diagram of a combined energy system, when solar panels and microhydroelectric power plants are alternately connected, no energy losses occur.
Let's determine energy efficiency from the following expression:

The developed combined unit contains a boost converter and has energy losses. The efficiency of the boost converter is .  
				(4)
Or if you calculate it as a percentage, the energy efficiency of the combined energy device was 14%.
We calculate the energy efficiency of a power system by collecting the energy produced by the combined energy complex in a battery and regularly monitoring the load power and directing the excess to the ballast load. To do this, disconnect the ballast resistor R3 from the circuit shown in Fig. 5.
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FIGURE 5. The case of operation of two sources without ballast resistance
[bookmark: _Hlk189866817]
According to the diagram in Fig. 5, when operating without ballast resistance, the solar photovoltaic installation generated 16270 J of energy, and the microhydroelectric power station generated 2930 J of energy.
 				(5)
When using a solar photovoltaic system and a micro-hydroelectric power plant, a parallel connection scheme
				(6) 
[bookmark: _Hlk189866883]energy was produced (see Figure 5).
Additionally, by regularly monitoring power and directing excess power to the ballast load. 
				(7)
energy is obtained.
The energy efficiency of the power system by collecting the energy generated by the combined energy device in the battery and regularly monitoring the load power and directing the excess to the ballast load is as follows:

or 6.7% as a percentage.
CONCLUSION
When two or more renewable energy sources are connected in parallel, the energy efficiency of the combined unit is reduced. In order to increase the energy efficiency of this device, a scheme for alternating connection of a microhydroelectric power station and a solar panel was proposed. The parallel connection diagram of solar photovoltaic plant and micro-hydroelectric power plant was created using MATLAB program. In the developed model, when connecting sources in parallel, energy losses amounted to 3440 J. When connecting sources alternately over time, no energy losses occur, but its energy efficiency increases by 14%.
When the ballast resistor was disconnected from the combined power system circuit, the solar photovoltaic plant generated 16,270 J, the micro-hydro plant produced 2,930 J, for a total of 19,200 J. An additional 1,377 J of energy was achieved by regularly monitoring the power and directing the excess to the ballast load.
By collecting the energy generated by the combined energy complex in a battery and regularly monitoring the power supplied to the load and directing the excess to the ballast load, the energy efficiency of the power system is increased by 6.7%.
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