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Abstract. This article discusses the development of a system for the combined use of
solar and water energy based on a systematic approach to power supply. An improved
physical model has been developed based on a model for predicting the production of
electricity, taking into account the power and time of solar radiation, the amount and
speed of water flow. At the same time, the share of electricity in the use of solar and
water energy was determined simultaneously, depending on the conditions for the
uninterrupted supply of consumers with the daily necessary electricity. The assessment
of indicators of the combined use of solar and water energy and the definition of energy
efficiency were developed by the authors on the basis of an increase in the share of
electricity obtained from renewable energy sources in the electricity supply, which is
explained by the coincidence of theoretical and experimental results..

1 Introduction

Most districts are supplied with electricity on the basis of a centralized system. The choice
of traditional sources in the power supply system is based on the capacity of the available
energy sources. At the same time, the power supply does not always fully meet the
requirements of consumers. According to the existing literature [1, 2, 3, 4], the use of
renewable energy sources for power supply really contributes to the conservation of
hydrocarbon reserves. Potentially available types of energy in all regions of our country are
solar energy and water energy. Using them as the main source of electricity increases the
efficiency of the power system. Non-renewable and renewable energy sources can be used
separately or together.

The level of development of renewable energy sources is much higher than that of
traditional energy. Significant development is observed in the field of solar, wind and small
hydropower in the republic. In general, in 2022-2025, it is planned to build 10 solar and
wind power plants with a total capacity of 3,000 MW (see Figure 1). These figures continue
to increase from year to year. Much has been said about the prospects of renewable energy
sources. For example, the amount of radiation energy coming from the Sun to our planet is
on average 1.3-1.4 kW/m2. If we do not take into account the amount of radiation returning
from the atmosphere, then an average of 1 kW/m2 of energy falls on the earth's surface.
This energy is 9,000 times greater than the current energy needs of our planet. For this
reason, it will be correct to realize newly added energy capacities from renewable sources,
and not from traditional energy.
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Fig. 1. Projects implementation target in Uzbekistan until 2025

2 Methods

It will be necessary to develop a method for correctly selecting the source of energy
consumed in a system that works in conjunction with centralized electrical networks. It is
necessary to develop a single model that correlates with the methods identified to date. On
the basis of a four-stage system, the main stages of research are shown to determine the
share of electricity in the use of solar and water energy at the same time, depending on the
conditions for the constant supply of consumers with the daily required electricity. The
proposed four-stage research model can be summarized as follows [3]:

- ensuring uninterrupted power supply using renewable energy sources in agriculture and
water management;

- estimate the amount of electricity being replaced by non-traditional power supply;

- The full use of renewable energy in electricity supply is carried out in two stages, namely:
a) study of the operating modes of consumers of agriculture and water management; b)
development of a technical solution for the combined use of solar and water energy;

- develop a model for choosing the right combination of traditional and non-traditional
energy sources for power supply [4].

At the first stage, a system of joint or separate use of renewable and non-renewable energy
sources for electricity supply to agriculture and water management will be developed.
When developing this method, taking into account the location of agricultural and water
facilities in different regions, a renewable energy source with high potential near the
consumer is used. The necessary electricity for consumers of agriculture and water
management can be obtained from renewable energy sources, and the rest can be obtained
from centralized electrical networks [5]. To do this, it is necessary to develop a calculation
model for determining the amount of energy consumed from renewable energy sources in
power supply. The power supply system will be designed taking into account the conditions
for the use of renewable energy sources.

At the next stage, ways of continuous supply of electricity from renewable sources will be
considered, taking into account the operating modes of consumers. When developing this
method, it is necessary to evaluate the possibilities of using renewable energy sources in the
power supply of agriculture and water management by adapting the power supply to the
operating modes of consumers. At the same time, the issues of determining the parameters
of continuous and high-quality power supply to consumers and the replacement of
traditional energy supply with non-traditional energy are considered. At this stage, it is
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important to calculate the share of electricity that is being replaced by non-traditional
electricity supplies from traditional electricity supplies to consumers.

At the third stage, the power supply system is studied and a model for the use of renewable
resources in the power supply system is developed. At this stage, the conditions for the use
of solar and water energy are modeled and the energy properties of the energy source will
study. It is important to take into account the random change in the energy intensity of
renewable energy sources. It is necessary to bring the parameters of energy received from a
renewable source to the optimal system in order to coordinate them with the operating
mode and energy-intensive process parameters. A model for the joint operation of solar and
hydroelectric power plants will be developed based on two types of sources with a high
energy potential of renewable energy sources. Based on the analysis of the studies carried
out on the simultaneous use of solar and water energy, the main energy indicators of a
renewable resource are determined.

In the last step, an improved physical model will be developed based on the adaptation of
the dimensions of the details of the combined technical solution for the combined use of
solar and water energy to the agriculture and water supply system. Additional resources in
the traditional power supply system serve to increase its efficiency. Then, based on the
criteria for the rational integration of consumed energy resources, the price of electricity
consumed in the electricity supply through the use of renewable energy sources is
determined. In this case, it is necessary to develop a model of the interdependence of
traditional and renewable energy in the energy supply of consumers based on acceptable
parameters [6].
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Fig. 2. Centralized and decentralized power supply scheme

The development of a decentralized electricity supply system from renewable energy
sources is an important issue in the cultivation and storage of cash crops in agriculture [7].
Each energy system has its own purpose and, according to the hierarchy, is subordinate to
the main task of the system. The energy resource system can only affect targets in
combination with other relevant systems. To do this, we will need to consider the entire
power generation system.

A complete analysis of energy losses in the process of extraction, supply and combustion of
energy resources used in traditional power plants is presented. Therefore, the main goal of
the power supply system based on renewable energy sources is to save energy resources
and organize the production of electricity at minimal cost [8]. The energy resource system
provides consumers with energy from various sources. Figure 2 shows diagrams that allow
to provide technological processes with electrical and thermal energy.
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Fig. 3. Scheme of energy supply to consumers

In general, it is necessary to provide electricity and heat supply for agriculture and water
management in combination with centralized and decentralized systems. The power supply
system is decentralized, but the power supply scheme associated with the centralized
system is complex. A block diagram of the use of traditional and non-traditional energy in
the power supply system is shown in Figure 3 [9]. In a centralized and decentralized energy
supply scheme, electricity can be obtained from traditional or non-traditional energy [10].
As a renewable energy source, various types of energy can be represented as follows:

Z?:l Emi= Z?:l Emimi + 271'1:1 Ermitm.is (1)
here, E,; — the amount of energy received from decentralized renewable energy sources;
emi - and i,; - amount of electrical or thermal energy. [10].

In power supply, the consumption of electrical and thermal energy should be equal to
the load value:

Ec = Epgs + Ep, + Eyg (2)

here, Eg— electricity, Enyg — heat energy, Ergs — renewable energy source [11].

The power supply of agriculture and water management is associated with changes in
weather conditions, irrigation regimes, growing crops, their storage, processing and other
energy costs. The current power supply is based on conventional thermal power plants,
fully connected to the centralized power grid. Interruptions in the existing system, poor
quality power supply and frequent price increases are the basis for finding the best solution.
In this case, a renewable energy system may be the solution. A conventional system is not
required when a renewable power supply is available. The studied agricultural consumers
can be provided with energy, including from renewable energy sources, due to their
different power.

The light energy returned from the surface of the panels is not used to generate
electricity. Therefore, when installing solar panels on a farm, must rely on a professional
project. After all, the design that suits your neighbor does not suit your home. To do this,
the place where solar panels will be installed on the roof must have conditions for obtaining
maximum energy (radiation) from the sun during the day in an upright position (depending
on the time of year). An important role in this is played by the installation angle of the
panels and the configuration of the panels. An important role in this is played by the
installation angle of the panels and the configuration of the panels. If special instruments
and satellite data are used in the implementation of these calculations, and if the
measurement is carried out very accurately, the final result will be close to the real value.

System integrity plays an important role in research. Power supply is characterized by
new properties that are not specific to individual parts (elements), but arising as a result of
their interaction. In this case, the potential of a renewable energy source in the area where
the consumer is located is studied, decentralized power supply is organized based on the
source with the greatest potential. The energy that the consumer lacks can be obtained from
the centralized power supply. The choice can be made by attracting additional renewable
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sources, taking into account the capacity of the existing heat supply system. At the same
time, the amount of energy consumed can be provided on the basis of centralized and
decentralized power supply [12]:

E¢c = Eg (Eggs) + Eyp(Ergs) + Lity Emai 3)

For the rational use of energy resources, it is necessary to determine the importance and
place of renewable sources in an integrated power supply system. At the same time, it is
necessary to consider the most convenient renewable sources for the consumer, as well as
to study the possibilities of using solar and hydropower in the energy supply of consumers.
For electricity and heat supply - based on the experience of using renewable sources, solar
collectors are used for heat supply, and small hydroelectric power plants are used for
electricity supply. Electricity consumption is obtained from centralized and decentralized
energy supply:

Eg, = Epiemi + Eggs 4)

In accordance with the above, heat supply can also be obtained from centralized and
decentralized energy supply:

Epg = Emilm; + Eggs ®)

here, Eg;, Eyp — consumption of electrical and thermal energy [13].

Since renewable energy sources are considered as the main source of electricity for
agriculture and water supply, the amount of electricity required by the consumer (Qi) is
selected from several energy sources with the greatest potential:

( Erg )

. | Erg + Eyp &-E ©)
| Erg + Esg | ‘
\E,y + Eyp + Esp)

Then the energy consumed from the traditional source:

Erp = Ec — Xi-1 Ege.i (7

The share of traditional sources in the power supply system of consumers of agriculture
and water management depends on the conditions for the use of renewable sources. At the
same time, traditional sources serve to ensure the reliability of the energy supply and the
quality of the energy consumed.

As a result, a reasonable combination of consumed energy resources is provided based
on the conditions for the use of renewable resources in the power supply system. All factors
influencing the use of renewable energy sources must be taken into account in order to
provide efficient energy to agricultural and water management.

In energy supply, depending on the power of consumers, the consumption of electricity
from renewable sources (Eggs) and traditional energy sources (Erg) is distinguished as
follows:

Ec = X1y Egp + Erg (3)

Part of the energy that the consumer lacks from renewable energy sources can be
covered by traditional energy. In this case, the amount of energy consumed is equal to the
share of energy exchanged for a traditional energy source, which is defined as follows:

E
ki = 2 9)

Appropriate studies are needed to assess the share of energy being replaced by
renewable sources in the integrated power supply system. In this case, it is important to
determine the mechanisms of operation of the systems and the integrated power supply
system.

In a decentralized power supply system, small systems based on traditional sources are
well known and studied. The characteristics of electricity and heat supply systems of
agricultural and water economy consumers are known based on traditional sources. There



E3S Web of Conferences 377, 01001 (2023) https://doi.org/10.1051/e3sconf/202337701001
ICECAE 2022

are new conditions for the design of these systems and other methods of modernization of
existing power supply systems. In Uzbekistan, the power supply system based on
renewable energy sources for agriculture and water management has not been sufficiently
studied. At the same time, it may be necessary to develop appropriate technical solutions.
The study of the operating conditions of the power supply subsystem is an important step in
creating an efficient power supply system. The study of a subsystem that uses the energy of
the solar and water energy is carried out according to certain principles.

3 Results and Discussion

The use of solar and water energy sources has shown that currently there are various
technical solutions for the use of these types of energy [14]. Power generation devices may
have the appropriate characteristics. At the same time, solar and hydropower devices are
not structurally similar. The generation of electricity or thermal energy consists of
individual elements. The efficiency of energy supply is determined by the development of
technology for the use of renewable resources at the initial stage and the optimization of the
installation parameters of energy production devices [15]. To develop the proposed power
supply system, it is required to improve the methodology of the combined technical
solution for the combined use of solar and water energy based on the adaptation of the
dimensions of the parts to the system of agricultural and water management. What we are
considering is the development of the electric power industry by combining solar and
hydropower into a single power supply system based on renewable energy sources.

The system interacting with the external environment is open. The main sign of the
openness of the system is its development, improvement, etc. Today, many scientific and
technical problems of obtaining electrical and thermal energy from solar and water energy
are solved at a high level [16]. A new power supply system can be created by determining
the conditions for coordinating the developed renewable energy source and the modes of
consumption of the consumed electricity (see Figure 4).

Power plants based on
renewable energy
sources

Renewable energy
sources

v

Consumer

4

Fig. 4. Power supply system based on renewable energy sources

For a systematic analysis of the operating mode of the power source, a model of its
operation and a functional diagram are developed that determine the stages that implement
these processes, and the operating modes are mathematically modeled based on the
feedback principle, which makes it possible to control energy sources (see Figure 5). Thus,
it is necessary to create a working model of the RES system under study. We develop this
model based on the following criteria:

- creation of a model of a technical solution for the use of solar energy and water in power
supply;

- assessment of the energy efficiency of the integrated energy supply system;

- manage automated parameters in a single power supply system.

The operating model of the system under study is shown in Fig. 5. The result of the system
operation is the useful energy of a renewable resource (SER) transferred to the
technological facility.
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Fig. 5. Operation model of electricity supply system based on renewable energy sources: O — energy
from renewable energy: solar (Os) and water (Ow) energy; Ece — generated energy; P —
technological process capacity

To harmonize the regime under consideration, it is important to systematically study the
operating conditions of the subsystem of renewable resources and ensure the integrated
energy system as a whole. In the production and consumption of electricity, it is necessary
to take into account the rapidly changing modes of operation of the agricultural and water
management systems. To harmonize electricity generated from renewable energy sources
with consumer operating modes, it is necessary to determine the main factors affecting the
conditions for the use of solar and water energy in agriculture and water supply.

In order to match the electricity generated from renewable energy sources with consumer
requirements, the following main parameters of electricity supply should be determined:

- characteristics of renewable resources;

- main parameters of power plants;

- consumed or accumulated energy.

The operation mode of the renewable resource subsystem can be studied based on the
information about the characteristics of the incoming energy, the time pattern and the
spatial structure of the renewable energy. During the research, mathematical models are
developed to study renewable energy sources under certain conditions. When modeling the
state of operation of the power supply subsystem from renewable energy sources, it is
necessary to determine the energy characteristics of a renewable source. They should be
convenient for studying the operating modes of other elements of the subsystem under
study, in particular, for assessing the operation of the power plant, conditions for energy
accumulation, etc.

The geophysical database is used to assess the energetic properties of solar and water
energy and to determine the intensity and duration of the source. Electricity supply based
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on renewable energy sources estimate based on the intensity and duration of the source and
the modes of operation or idle time of the power plant.

When assessing the energy properties of a source, the following should be done [17]:

- daily, monthly and annual indicators of solar radiation according to long-term monitoring
data;

- daily, monthly and annual indicators of the amount and speed of water flow;

- monthly, seasonal and annual duration or repeatability of solar radiation and water flow.
The above information allows a complete assessment of electricity generating. The value of
calculate data in connection with the reproducibility regime in solving practical problems
should not be overestimate. Probabilistic-statistical analysis of the studied quantities allows
a preliminary assessment of the availability of renewable energy for a certain time (month,
year).

When studying the energy characteristics of a renewable source, it is important to know the
changes in time and area in advance. Information can be obtain on one or more energy
source indicators in the selected area. The obtained information is necessary for analysis
preliminary amount of electricity. For example, the speed or amount of water varies in
different seasons or regions. It will be necessary to combine data for a certain area and
summarize the characteristics of the energy indicator. An analysis of the aggregate energy
indicators of sources determined by area makes it possible to determine the average
quantities of variable energy sources. After the selection of the area, the potential renewable
energy resources will evaluate. An important condition for this is to find the law of
distribution of random variables, the choice of a mathematical model with a minimum
number of parameters, the empirical distribution of the test characteristic in satisfactory
certain physical and geographical conditions and within the required accuracy. Modeling
the regime of geophysical processes makes it possible to determine the variability of the
energy properties of solar radiation or water flow, the integral distribution function and the
integral provision of the initial value [18]. It is necessary for further research to fully ensure
the intensity of research characteristics, to evaluate the expected effect from the use of
renewable resources. Thus, for a preliminary assessment of the indicators of the use of a
renewable energy source, it is necessary to determine their energy parameters and simulate
the operating modes of an object supplied with electricity based on the developed model.
When coordinating the energy source with the consumer, it is important to determine the
period of energy performance reduction for their use. Fluctuations of renewable energy
over the day or year are natural. Sunlight has a maximum level at noon and decreases
symmetrically with respect to it at other hours. Changes in water flow rate are also
objective. More water flow is observed in the cold season.

A good option is to install a pumping station to pump water to farmland and gardens that
are far from the power supply. However, laying central power lines to an installed pumping
station can be very expensive. Therefore, it is preferable to create an autonomous system
using solar panels, rather than pulling new power lines (see Figure 6).

Electricity generated by solar and hydropower can be used directly by connecting to a
consumer, or can be stored. Thus, according to the consumed electricity, it is necessary to
install a battery of the required capacity. When designing a power supply system, it is
necessary to correctly select the power of the battery in a circuit developed on the basis of
the use of renewable energy sources [19]. When designing the power supply system, the
capacity of installed solar and hydroelectric power plants is determined based on the
calculation of the load. Additional electric batteries can be connected to the designed
system, which will ensure uninterrupted power supply in case of interruptions in the
operation of a renewable energy source. The capacity of the electric battery depends on the
period of collection and storage of electrical energy [20]. Today, several types of electric
accumulators are used in practice. Eectric batteries can vary in terms of service life and
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storage of electrical energy. The most common are batteries that are used during the day
and to store electricity for a short period of time.

Solar panel

Solar panel v/
Water tank /

Water pool

Water pump

Fig. 6. Use of solar energy in the irrigation system

For the efficient use of renewable energy sources, the optimal dimensions of the necessary
energy devices of solar and hydroelectric power plants consumed in a combined power
supply system are determined. Solar batteries and hydro turbines are characterized by
various technical indicators, the main of which is the efficiency of the solar collector and
hydro turbine [21, 22, 23, 24]. The solar collector is characterized by the installation angle
[25], and the hydro turbine is characterized by the speed of water movement [26]. These
parameters should be taken into account when designing.

For the continuous supply of consumers with electricity from a decentralized power source,
it is necessary to determine the following:

- capacity and number of solar panels for a solar power plant;

- the power and number of hydro turbines are required for a small hydroelectric power
station.

As a result of the analysis of existing methods for designing solar and hydroelectric power
plants, it is incorrect to calculate the power of a combined plant based on the area of solar
panels or the installed power of a hydro turbine generator [27] In a power plant based on
renewable energy sources, it is impossible to produce electricity at full capacity.

Control unit

1=}

Power station

D Electricity meter

[1]

Centralized grid

Control unit

Fig. 7. The sequence of connecting the devices of the hybrid power plant
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Installation of a hybrid solar and small hydro power plant at the designated site must be
carried out based on the following requirements:

- All electrical devices, circuit breakers and fuses, electrical equipment that protect against
short circuits must be protected by a grounding device;

- solar panels, the generator and its terminals, as well as the electric cable must be located
in a place inaccessible to water;

- When using a hybrid powertrain, the technical safety instructions must be observed.

When preparing a hybrid device of a solar and small hydroelectric power plant for testing,
the following sequence should be observed:

- solar panels, hydro generator, control unit, meter, control unit, centralized power grid and
consumers are connected in sequence, as shown in Figure 7;

- solar panels and a hydro generator are connected to the electric cable control unit.

The quality indicators of electricity generated by solar and hydroelectric power plants were
checked by an electrical measuring instrument-analyzer Circutor AR.6. In the course of
research, great importance is attached to 2 parameters that mainly determine the quality
indicators of electricity: voltage (V) and frequency (Hz). The results obtained are compared
with the limits of values specified in the normative documents of the international standard.

An energy audit to assess the quality of electricity is performed using the Circutor AR.6
electrical analyzer in the following order:

- We start the AP.6 electrical analyzer and connect its flash according to the scheme;

- enter the required dimensions into the measuring device. This includes the measurement
time intervals, the limit values of voltage, current and the processes of their recording in
memory;

- we check that all the data obtained after carrying out the measurement work on the
measuring device in the specified time interval are recorded in its memory;

- after making sure that all the data is recorded in the memory of the measuring device, turn
it off and disconnect the device from the network;

- to process the received data, we connect the device to a computer and process all
measurement data using the Power Vision program.

Our first research was conducted on March 21, 2021 from 15:10 to 15:20. In this case, all
checks were carried out simultaneously. An analysis of the data obtained from the voltage
deviation and frequency change tests is shown in Figure 8.

In the diagram above, the maximum voltage is 207 volts, the minimum voltage is 202 volts,
and the average voltage is 205 volts. This is “according to the international standard
regulatory document, the AC voltage limit is + 10% (198-242 Volts)”. The voltage of 205
volts, determined in the course of research, fully meets the requirements of consumers in
agriculture and water management. The value of the frequency change obtained as a result
of the test experiment was equal to 50 Hz and did not change. This figure is also equal to
the frequency of the AC voltage of 50 Hz according to the international standard regulatory
indicators. Thus, based on the results of scientific research, it was found that the quality
indicators of electricity generated in the developed solar-hydrohybrid power plant fully
comply with the requirements of the regulatory document of the international standard.

In the general case, unified power supply combines centralized and decentralized power
supply on the basis of one system. All power plants connected to the same system may
have different capacities or outputs, but must be based on the same requirements when
connecting to a consumer. It is important to minimize the necessary costs when providing
consumers with energy of the studied complex power supply system. Efficient use of non-
traditional energy resources minimizes the cost of energy. Therefore, one of the main steps
in the development of decentralized power supply is to determine a reasonable combination
of traditional and non-traditional energy resources.
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Fig. 8. Change in voltage (a) and frequency (b) between 15:10 and 15:20

4 Conclusions

Summarizing the research results related to this work, we can draw the following

conclusions:

a) A four-stage research model was selected for the joint use of centralized and
decentralized electricity supply for agricultural and water economy consumers. The use of
a four-stage research model allows choosing the optimal combination of energy resources
for a consumer working in different operating modes.

b) Creates an integrated power supply system based on the combined use of traditional
and renewable energy sources. The integration of the system is represented by the
selection of the right combination of resources.

c) Conditions have been developed to provide consumers of agriculture and water
management in an integrated power supply system from renewable energy sources. It is
determined that the continuity of power supply depends on the conditions for the joint use
of centralized and decentralized power supply.

d) The conditions for the simultaneous use of solar and water energy are determined,
depending on the conditions for the continuous supply of consumers with the daily
necessary electricity. In this case, the efficiency of the power supply system is
characterized by the percentage of energy replaced by traditional energy (kW-h). To
estimate the share of exchange energy, an analytical expression is obtained that takes into
account the characteristics of the incoming and outgoing energy.
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