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Abstract. At present, the power supply system of the agricultural sector 
consists only of centralized networks. There are no autonomous-stationary 
and mobile methods of supply. The current situation of energy 
consumption in horticulture, such as Berum district, ICarakalpakstan, and 
further diversification, is analyzed. A systematic approach is applied to the 
analysis of electrical installations and energy use during agricultural 
processes, and the corresponding calculation and analytical methods are 
used to ensure sufficient reliability of the results obtained. The energy 
balance is compiled in the context of agrotechnical and production 
processes in fruit and vegetable growing. The issues of central, local, and 
mobile power supply are studied based on the corresponding energy 
balance and schedules of electricity consumption. Economic experiments 
were carried out on a prototype of a mobile power plant "Sun-Wind," with 
a capacity of 4.5-4.7 kW h (in the daytime), 0.8-1.0 kW'h (in the evening). 
Based on the results obtained, the current and prospective ratios of all three 
power supply methods are justified. Based on the research results, a system 
of diversified electricity supply for fruit and vegetable farms was 
developed and proposed.

1 Introduction

A significant obstacle to the effective development o f the agricultural sector in the 
conditions of Uzbekistan is the issues of diversification of electricity supply and energy 
availability of farms. Also relevant is the transfer o f agricultural machinery from fossil fuel 
to electric traction with the use of renewable sources of energy. The reason for this is the 
following existing problems:

• In the field* due to the absence or remoteness from power supply systems, fertile land is 
being withdrawn from circulation;

• In animal husbandry, there is an acute shortage of water resources in remote pastures;
• In remote regions, agricultural machinery is often idle due to a lack o f fuel and 

lubricants. As a result, sowing operations are carried out late or manually, and plant 
processing is not carried out sufficiently [9, 11].
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In modern farms of the agricultural sector, many different high-efficiency electrical 
equipment is used. In particular, such as pumping equipment, drip irrigation systems, 
various lines for processing agricultural products, vegetable storage, etc.

Due to insufficient and unavailability of energy (renewable) produced annually by 
specialized farms in melon cultivation, horticulture and viticulture, more than 30 % (481.5 
thousand tons)does not reach the consumer [10].

Without a high-quality and guaranteed power supply, the efficiency of operation of such 
lines and equipment is significantly reduced.

When building power supply systems for rural consumers that contain several sources 
of power supply, as well as operating in a mixed or parallel mode with external power 
networks, it is necessary to solve several problems related to the management of 
technological modes of operation not only of distributed generation facilities but also of the 
distribution network as a whole. These problems can be successfully solved by building 
promising electric distribution networks using technologies of intelligent electric power 
systems with an active-adaptive network, in other words, "SmartGrid" technologies [1].

According to WADE (World Alliance for Decentralized Energy), since 2001, the 
amount of energy produced by decentralized energy sources (DEES) in the world has 
increased by 3%, accounting for 10% of the global total. One of the most promising 
directions for improving the energy efficiency of local power supply systems is the use of 
renewable energy sources in the energy balance of the regions and the optimization of the 
operating modes of the main power equipment [2].

Improving the efficiency of electric power generation of autonomous solar stations for 
power supply to agricultural consumers by justifying the spatial orientation of photo panels 
based on a comprehensive account of time, geographical, climatic factors, technical and 
design parameters of the installation is considered in the dissertation work of A.T. 
Akhmetshin [3].

Installations based on renewable energy sources are the most promising at the moment 
for autonomous power supply. The combined use of renewable energy sources is the most 
rational since it has some advantages over single-use. For example, solar and wind energy 
usually complement each other, making it possible to use installations as part of a hybrid 
system with significantly lower capacity, and, consequently, lower costs [4].

At present, producers of fruit products are engaged in growth and processing products 
on the ground, which leads to an increase in the number and types of electrical installations. 
As a result, the amount of power consumed in the field increases. The main share of energy 

resources consumed in recent years is electric energy and petroleum products Figure 1.

Fig. 1. Types of energy resources used in fruit and vegetable growing in 2018 (on the example of the 
object under study), %
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Natural gas
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The purpose of the research is to analyze the system of monopolistic centralized power 
supply and schedules of electricity consumption in the agricultural sector, to develop a 
system of the diversified power supply based on renewable energy sources using 
autonomous stationary and mobile power plants.

2 Materials and Methods
The theoretical and methodological basis of the study is the results of the work of scientists 
on the problems of generating and transmitting electricity for the needs of the agricultural 
sector. A systematic approach is applied to the analysis of the operation of electrical 
installations and energy use during various agricultural processes.

During the experiments, the corresponding computational-analytical regression methods 
were used to ensure the results' sufficient reliability.

Experiments and analysis of the state of electricity supply in the agricultural sector were 
carried out on the example of the Beruniy district of the Republic of Karakalpakstan.

It is known that agricultural consumers of electric energy have specific modes of 
operation, mainly depending on agrotechnical requirements and seasonality. Therefore, we 
introduce the so-called simultaneity coefficient K, which determines the dependence of the 
calculated values of loads of several consumers on the values of their maximum loads.

Considering that the system of machines and equipment does not work simultaneously 
in the processes of harvesting and processing agricultural products when calculating loads 
in the power supply, the arithmetic mean sum of the power values of simultaneously 
operating equipment is taken multiplied by K<1. In addition, the calculations must take into 
account the seasonality of the work. For this reason, we use the values of the season given 
in the table-1.

Table-1. The value of the coefficient of seasonality of consumers of electric energy in agriculture

Types of consumption Seasons
Winter Spring Winter Spring

Ordinary consumers 1.0 0.8 0.7 0.9
Irrigation 0-0.1 0.3-0.5 1.0 0.2-0.5

Electric heating in the closed ground 0.3 1.0 0 0
Autumn-winter consumers 0.2 0 1.0 1.0

The diagram analysis shows that the total consumption of electric energy in agriculture 
(taking into account the population but excluding pumping stations) of the total 
consumption is 7.5%. This indicator is considered low from the point of view of the current 
electrical technologies level. It is necessary to provide them with high-quality and 
guaranteed energy for a wide distribution of various modern energy-efficient technologies 
on remote farms.

Daily and monthly indicators of energy consumption of fruit and vegetable farms in the 
processes of cultivation, harvesting, processing, and storage by sector are used to construct 
daily and annual schedules of loads. Based on the variety of plants and agrotechnical 
requirements, we will calculate electric energy consumption during the irrigation, 
processing, and storage of agricultural products. Information on the volume of sales of 
grown products in fresh form, after processing, and after the storage is obtained from the 
static reports of the district and entered in the 2-table.
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Table-2. Indicators of energy consumption of fruit and vegetable farms in the processes of 
cultivation, harvesting, processing, and storage by sectors of the Beruniy district

Sector
No.

The 
acreage of 

crops 
(hectares)

Irrigation

Recycling Storage
Total 

capacity 
by sector

crop area 
(hectares) kW * h

crop
area

(hecta
res)

h*

1

h*

1

1 21 (8)* 10625 16 11858 12 79200 101683
2 27 (9)* 13750 14 9438 14 86400 109588
3 34 (10)* 16875 20 14520 10 72000 103395
4 60 (22)* 30000 12 8954 7 57600 96554
5 65 (21)* 33125 10 7502 9 72000 112627
6 73 (20)* 35625 8 5808 8 64800 106233

in total 280 (90)* 140000 80 58080 60 432000 630080
Notes - * - gardens.

The power supply of all agricultural facilities in the district depends on centralized lines. 
This, in turn, negatively affects the widespread introduction of modern energy-efficient 
lines on remote farms. The structure of electricity supply to agricultural facilities of the 
Beruniy district for 2017 is shown in Figure 2.

■  Popu la tion social. Objects ■ Pumping stations ■ Agricultural production

Fig. 2. Structure of electricity supply to agricultural facilities of Beruniysky district for 2019

3 Results and Discussions
As you know, consumers in remote regions consist of equipment with low energy 
performance, located at fairly remote distances from each other, the schedules of their 
loading in the conditions of power supply are seasonal. The power density of consumers in 
remote regions per 1 hectare of the area is on average no more than 10 kW of power. 
According to this, with a centralized method of power supply, more than 75% of the costs
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are for the construction of distribution networks of 0.4-10 kV [12]. Therefore, from an 
economic and technological point of view, a centralized method of energy supply for 
remote regions can, in some cases, be considered inefficient. This is justified by the 
following reasons:
• Relatively low consumer energy density;
• Dependence on the season of electricity consumption modes;
• Frequent changes in consumption schedules due to the requirements of agricultural 

technologies.
The main incentive for developing a mobile method based on renewable energy sources, 

which can ensure the energy independence of the consumer, is an increase in demand and a 
constant increase in prices and tariffs for centralized electricity and capacity. The local 
development of the mobile method based on renewable energy sources reduces the load 
from the distribution network, which helps to reduce electricity losses, introduces additional 
opportunities for the functioning of electricity markets, freeing up linear capacity [13].

The Tigray Agricultural Marketing Promotion Agency (TAMPA) launched in April 
2014 in collaboration with the Sustainable Land Management Program (GIZ SLMP), 
promoting micro-and small-scale tomato processing enterprises using renewable energy 
sources. The target groups were cooperatives of farmers growing tomatoes in remote areas 
without access to electricity. The processing site can be built by farmers, as building 
materials are available on site or additionally provided by the GIZ SLM program [14].

Hybrid systems: Small-scale hybrid energy systems, also a mature technology, are used 
worldwide. By combining solar and wind power sources, hybrids can provide high 
availability of electricity without the need for a backup generator. These small hybrid 
systems are easy to transport and very easy to install; no special tools or concrete are 
required [15].

Autonomous power supply based on solar power plants with modern technical and 
economic parameters of photovoltaic converters is economically justified at a distance of at 
least 10 km from the power system and for mobile objects [16].

Using the above analysis results, we determine the estimated volumes of daily, seasonal, 
and annual required capacities for remote areas of fruit and vegetable farms. The 
calculations will be carried out for 280 hectares of remote farms in the Beruniy district. One 
of the energy-intensive agricultural techniques is considered irrigation and row-to-row 
processing.

Drip irrigation systems consist of low-power electrical equipment, are located far from 
each other in terms of electricity supply, and are seasonal in nature. Accordingly, the power 
supply networks of the regions where drip irrigation systems are used should be based on 
the integrated use of traditional and various types of renewable energy sources to design 
and develop energy supply systems.

These goals can be achieved with the help of modern methods of selecting the 
composition and parameters of autonomous and mobile solar-wind devices that can 
constantly provide electricity to small farms located far from centralized networks [5-6].

With the increase in the number of electric vehicles, the infrastructure for charging them 
should develop no less dynamically. Combined with the continuous improvement in battery 
life in electric vehicles, a tipping point in the mass opening of EV stations is about to come. 
As with other such innovative technologies, the transition to electric vehicles will gradually 
intensify [7].

With some delay, agricultural tractors will also be switched to electric drive, which 
directly affects the energy balance of local farms.

In addition to solar energy, the simplest hydroelectric power station can be used to 
provide mobile power supply to remote foothill areas from centralized networks, the 
construction of which is cheaper than all existing power plants per kilowatt of capacity. The
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garland micro electric power plant described in the article does not need a dam and can be 
installed on rivers with a depth of more than 25 cm at a flow rate above 1 m/s. A hybrid 
mobile power plant consisting of solar panels and a garland micro electric power plant with 
an average capacity of 6.6 kW * h (in the daytime) is in demand when implementing drip 
irrigation systems in foothill regions that do not have centralized power supply networks. 
[8].

For the mobile power supply organization, it is necessary to carry out appropriate 
calculations to determine the energy balance in the context of agrotechnical and production 
processes Figure 3.

Fig. 3. Energy balance in the context of agrotechnical and production processes (on the example of 
fruit and vegetable growing)

The cost of electricity generated from the SFEU is still far higher than the cost of 
electricity generated by traditional power plants due to the high initial capital investment. 
Thus, the SPHERE should be used primarily to supply electricity to consumers (in 
particular, farms) that are remote from the existing power grids [17-21].

Of all the types of RES, the fastest growth (up to 50% per year) is typical for the 
development of photo energy, despite the relatively high cost. At the current pace of 
development and the introduction of new technologies, the cost of electric solar systems by 
2020. It will decrease by 2-3 times.

4 Conclusions
A long-term plan for the diversification of electricity supply to agricultural consumers until 
2030 has been developed based on the conducted research.
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Fig. 4. Long-term plan for the diversification of electricity supply to agricultural consumers of the 
Beruniysky district until 2030

• To implement the above-mentioned diversification plan, it is necessary to develop a 
system of diversified electricity supply that includes centralized, local, and mobile energy 
sources;
• The system of diversified power supply of fruit and vegetable farms in the future leads 
to a reduction in the dependence of consumers on the centralized power supply;
• This, in turn, increases the level of reliability and efficiency of power supply, creates 
favorable conditions for the widespread introduction of modern resource-saving electrical 
technologies in the agricultural sector of the Republic of Uzbekistan.
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