Improving the efficiency of the power supply system of electric car charging stations 
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Abstract. In this article, based on the conditions of Uzbekistan, several reasons and conveniences for switching from internal combustion engines to electric cars are given, and explanations are given through several examples of providing electric car chargers from renewable energy sources. Through the given examples, the use of alternative energy sources and their almost non-existent emissions into the environment are explained based on calculations, and when using internal combustion engine cars, various harmful gases emitted from them per km are cited.
INTRODUCTION
In recent years, it can be seen that the demand for electric cars is increasing significantly due to several conveniences (Fig. 1). As an example of the reasons, first of all, we can say that they do not emit carbon dioxide gas, which is harmful to nature and the human body, and their noise is much lower compared to cars with internal combustion engines. Secondly, we can cite as an example that the number of charging devices is increasing on a large scale throughout our country [1].

FIGURE 1. A chart of the growth of the number of electric cars in the last 7 years

If we describe the situation in the diagram, we can see a significant increase in electric vehicles in recent years, considering their several advantages over internal combustion engine vehicles. You can see that the main increase is from 2180 in 2022, and in 2024, the number of electric cars entering our country has reached 51,130 considering the current 10 months. [2].
In the picture below, you can see how the number of charging stations in our country changes over the years. Considering the low demand for electric cars in 2018 and 2019, you will see that there was no charging station in our country.

FIGURE 2. Chart of the growth of the number of charging stations over 7 years

From 2020, charging stations began to enter our country, and by now it can be seen that their total number has reached 703 in 10 months of 2024. Currently, scientists of the National Research Institute of Renewable Energy Sources under the Ministry of Energy are conducting scientific research on providing them with alternative energy sources. [3].
The most efficient of current charging stations is direct charging, which can charge electric vehicles up to 80% in 20-30 minutes. They are considered ultra-fast chargers and use a higher DC voltage than DC chargers, delivering up to 350 kW of power. However, the harmful aspects of charging the battery many times in such a short time have been identified, and these devices are currently in the process of testing [4].

EXPERIMENTAL RESEARCH
In recent years, we can see that the demand for electric cars is increasing in the world, including in Uzbekistan. In turn, the increase in demand for electric cars means that the demand for their charging stations and electricity will increase at the same time. Currently, the number of electric vehicles in our country exceeds 90 thousand and the total number of charging stations exceeds 500. Existing electric cars consume 67 thousand kW per day, 2 million kW per month, and 24 million kW per year. This indicator has a significant impact on the energy system and requires the expansion of measures aimed at the production of electricity from alternative energy sources [5].

FIGURE 3. Change in loading schedule between 2025 and 2027
According to the forecasts of the Ministry of Transport, the number of electric cars in Uzbekistan will reach 350,000 by 2030, and the total number of charging stations will reach 100,000. It is said that approximately 24 million kilowatts of power per year will be needed to charge electric vehicles in these numbers, and this power will not be without its negative impact on the energy system. Relying on alternative energy sources in solving this problem has several positive results [6].
At the same time, it is purposeful to review the operating modes of electric vehicle charging stations. The conducted researches show that today's mode of operation of charging stations is variable in nature, and considering the small number of electric cars, we can see that charging occurs mostly in the evening and at night. Figure 3 shows a typical daily electricity load graph of a charging station, and the analysis of the electricity load graph shows that the peak consumption time of charging is between 2000 and 700 [7].
RESEARCH RESULTS
If we can increase the amount of electricity produced by alternative energy sources, we will save the fuel needed for electricity production and reduce carbon dioxide emissions. Taking into account the above values, relying on alternative energy sources in solving energy problems would have had a significant positive effect [8].
You can see the increase in demand for electric cars between 2024 and 2027 in the picture below.


FIGURE 4. Diagram of the growth of electricity production in the period 2024-2030

In 2024, about 80 billion kWh of electricity will be produced, of which 0.05 % will be spent on charging electric cars. Considering that the annual energy production will reach 120 billion kWh by 2030 and the increasing demand for electric cars, approximately 8 % of the electricity produced for charging them will be used for charging (Fig. 3). These values ​​have an impact on the energy system [9].
Electric cars are said to be clean for the environment, but attention is not paid to the carbon dioxide gas that is released from the fuels that are burned to drive them. It is an urgent issue to consider the issue of providing their supply source with a green energy source [10].
The analysis of the literature shows that charging electric vehicles based on the use of renewable energy sources in the power supply system of electric vehicle charging stations has been cited as meeting the criteria of full green energy, and today there are a number of works on this abroad researches are being carried out [11]. From this point of view, it is appropriate to use renewable energy sources to improve the energy efficiency of these charging stations. Below you can see the change in the charging schedule of the charging station located in the city of Tashkent (Figure 5). 


FIGURE 5. Loading graph of charging stations

In the middle period, the consumption is relatively moderate, that is, more stable, and in the other parts, it corresponds to high consumption. At this point, increasing the efficiency of charging stations and using renewable energy sources in their power supply system is one of the important issues [12].
According to the scientific research of our scientists, 1 car with an internal combustion engine running on gasoline emits more than 3 tons of carbon dioxide gas, 93 kg of hydrocarbons, 500 kg of carbon dioxide, and about 30 kg of nitrogen oxide to cover a distance of 15,000 km. This indicator means that about 60% of harmful emissions on the scale of the republic are accounted for by vehicles. These indicators are even higher in cars running on diesel fuel. Currently, developed countries emphasize that the use of electric cars is the only effective way to reduce the damage caused to the environment. Supplying charging stations by renewable energy sources is 100% safe for the environment [13].
Based on the conditions of Uzbekistan, the use of photoelectric power plants is considered appropriate today. If the main effective working hours of photovoltaic plants are taken from 900 to 1600, it can be seen that 30% of the total daily electricity is consumed in these intermediate charging stations. If we analyze in terms of numbers, if one charging station currently charges 3-4 electric cars a day, it consumes approximately 240-320 kWh of electricity. If 0.107 m3 of natural gas and 0.45 kg of carbon dioxide are released for the production of 1 kW*h of electricity, on average, one charging station releases 32.1 m3 of natural gas and 135 kg of carbonization gas from burning gas per day. If the charging stations were equipped with 300 kW solar panels, they would charge 3-4 electric cars during the day and provide electricity to the grid. If each charging station was equipped with panels, 37.5 m3 of natural gas and 40.5 tons of carbon dioxide emissions would be reduced per day. If these values ​​are expressed annually, the emission of 8,236,970 m3 of natural gas and 34,640 tons of carbon dioxide gas will be saved throughout Uzbekistan. [14].
CONCLUSIONS
In conclusion, charging stations are necessary for the movement and charging of every electric vehicle. Currently, scientific research is being conducted by our scientists in order to solve this problem in our country. At the same time, measures are being taken to provide them with renewable energy sources. According to the calculations, the charging stations are provided with solar panels, and the electricity generated from them is directed to various stores, enterprises, apartments or similar buildings. If these things are carried out, that is, if we switch from traditional energy production to non-traditional energy sources, the ecology would be much cleaner in the next 3-5 years.
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Growth chart of charging stations between 2018 and 2024
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Growth chart of electricity demand over the years
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