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Abstract. In the article, the one-year monitoring results of the 70kW on-grid solar station (SS)
in the city of Termez, located in the southernmost part of Uzbekistan, are presented. Annual, monthly
and daily energy production graphs were analyzed and it was determined that the annual energy
production amount is 62.77MWh. Through calculations, the values of the installed coefficient
utilization factor (ICUF) were calculated for the solar station and its annual and monthly average
values were found. Even though the average ICUF is 10.32%, the on-grid solar station can be
considered a promising project. The biggest factor causing system energy losses is pollution, which
is related to the climate of the region. The main factor in the sharp difference in the results is the
stationarity of our station and the fact that the technique of cleaning the panel's surface from
pollination was not used. However, the payback period of such a station by calculation included
7.5 years if inflation is not taken into account.

Keywords: on-grid system, solar station, installed coefficient utilization factor, yield energy,
renewable energy, efficiency, pollution.
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ELEKTR TARMOG*‘IGA ULANGAN 70 kW QUVVATLI FOTOELEKTRIK
STANSIYANING ENERGETIK KO‘RSATKICHLARI TAHLILI
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Annotatsiya. Magolada O ‘zbekistonning eng janubiy gismida joylashgan Termiz shahridagi
70 kW quvvatga ega quyosh stansiyasining (QS) bir yillik monitoring natijalari keltirilgan. Yillik,
oylik va kunlik energiya ishlab chigarish grafiklari tahlil gilindi va yillik energiya ishlab chigarish
miqdori 62,77 MWh ekanligi aniglandi. Quyosh stansiyasi uchun belgilangan quvvatdan foydalanish
koeffitsiyenti (BQFK) giymatlari hisoblab chigildi va uning yillik va oylik o ‘rtacha giymatlari topildi.
O rtacha BQFK 10,32% bo ‘lishiga garamay, tarmoqg quyosh stantsiyasini istigbolli loyiha deb
hisoblash mumkin. Tizimning energiya yo ‘gotilishiga olib keladigan eng katta omil bu hududning
iglimi bilan bog‘lig bo‘lgan ifloslanishdir. Natijalardagi keskin fargning asosiy sababi
stansiyamizning statsionarligi va panel sirtini changlanishdan tozalash texnikasidan
foydalanilmaganligidir. Ammo, inflyatsiya hisobga olinmasa, bunday stantsiyaning o ‘zini oglash
muddati hisoblashlarga muoffiq 7,5 yilga teng ekan.

Kalit so‘zlar: tarmoq tizimi, quyosh stantsiyasi, belgilangan quvvatdan foydalanish
koeffitsiyenti, ishlab chigarilgan energiya, gayta tiklanadigan energiya, samaradorlik, ifloslanish.

118


mailto:b.yuldoshov10@mail.ru

INNOVATSION TEXNOLOGIYALAR 2024/3(55)-son ISSN 2181-4732

MHHOBAIIMOHHBIE TEXHOJIOT U Tom 55, Ne3, 2024
INNOVATIVE TECHNOLOGIES Volume 55, number 3, 2024
VJIK 621.383.51

AHAJIN3 DHEPTETUYECKHNX IMOKA3ATEJEN ®OTQ3JIEKTPI/I‘IECKOP1 _
YCTAHOBKHN MOIMHOCTBIO 70 kBT, IOJAKJIIOYEHHOMU K JIEKTPUYECKOU
CETH

FOnnomoB boiicopn AGayX01uKoBHY- CTApIIUI PENO1aBaATENb
TommyaaToB Cupomkuaaun @ypkaroBud — qoktopant (PhD)
Kapumes llaxBo3 ’KymanazapoBu4 — 1oktopant (PhD)

!Tepmesckuii rocynapcrsennsiit yausepeurer, r. Tepmes, Y30ekuctan

Aunnomayua. B cmamve npedcmasieHvl pe3yibmamsl 20006020 MOHUMOPUHSA CEMeBol
conneynoti cmanyuu (CC) mownocmoio 70 kBm 6 copooe Tepmes, pacnonodxncenHom 8 camotl I0H#CHOU
yacmu Y3bexucmana. Boinu npoananuzuposansvl 20008bie, excemMecsytble U exceonesnble paguru
npouU3800Cmea dHepeUl U YCMaHoBNeHo, Ymo 2000601 00beM npou300Cmea IHepeUn CoCmasisiem
62,77 MBmu. Ilymem pacuemos paccuumanvl 3HA4eHuss Koduyuenma uUCNONb3068aAHUSA
ycmanosnenHot mowHocmu (KUYM) ona conneunou cmanyuu u HamdeHvl e20 cpeoHe20008bie U
MmecsuHvle 3Hauenus. Hecmomps na mo, umo cpeonuti KUYM cocmaensem 10,32%, cemesyio
COTIHEUHYI0 CIAHYUIO MONACHO CHUMAMb NepCneKmusHoim npoekmom. Camvim OonbuuUM Pakmopom,
8bI3LIBATOWUM NOMEPU FHEP2UU 8 CUCeEMe, ABIAEMCS 3a2pA3HeHUe OKpYcalujeli cpedsl, KOmopoe
CB8A3AHO € KIUMamom pecuorda. OCHOBHbIM (PAKMOPOM Pe3K020 Pa3iuyusl pe3yibmamos A1emcs
CMAYUOHAPHOCMb HAWel CIMAHYUU U MO, YMO He UCNONb308ANACh MEMOOUKA OYUCTKU NOBEPXHOCTIU
nanenu om onvineHus. OOHAKo cpoK OKynaemocmu makou CmaHyuu no pacuemy cocmagun 7,5 nem,
ecnu He y4umsl8ams UHGIAYUIO.

Knrwouesvie cnoea: cemesas cucmema, conHeunas cmanyus, Kod@pouyuenm ucnoib308aHusl,
VCMAHOBNIEHHAS MOWHOCTb, NPOU3BEOEHHAs IHEP2Usl, 860300HO8IsIeMAsl IHep2Us, IPDeKmueHocmo,
3aeps3HeHue.

Introduction

Against the background of world development, the demand for energy is increasing year by
year. This makes it necessary to pay attention to renewable energy sources from year to year. For this
reason, the government has been paying attention to this field in recent years. A number of decisions
and decrees are being adopted in this area. Among the renewable energy sources, the use of solar
energy is the most convenient. In comparison to the PV installations in 2018 (481 GW), the world’s
PV installed capacity is projected to increase almost six times by 2030 (to 2841 GW) and almost 18
times by 2050 (to 8519 GW) [1]. Today, while using solar energy, it is necessary to reduce the demand
for energy and take care of the environment. Electricity plays an important role as a secondary energy
source in energy transitions. Compared to traditional fossil fuels, electricity is cleaner, more efficient
in production and consumption, and easier to transmit and utilize. So, electricity has significant
potential for driving the transition to green energy [2]. The use of solar energy causes the reduction
of green house gases (GHG) released into the environment [3]. The opportunities provided for the
use of solar energy in recent years will greatly contribute to the improvement of the above-mentioned
energy supply and the reduction of the release of harmful gases into the environment.

In addition to the energy problem, the problem of climate change is becoming very important
all over the world. Effective use of solar energy is one of the main solutions to these problems. In this
regard, the construction and use of Solar Stations (SS) of various sizes around the world are in full
swing. Reduction of CO2 gas emission into the atmosphere due to the energy obtained from
photovoltaic (PV) and its analysis are considered in works [4,5].

There are many dimensions that characterize the solar station. Based on the system, analyzing
its yearly, monthly and daily energy production and the coefficient of use of the installed capacity
using its one-year results. Scientists such as Muyiwa S. A., Emil E.T. analyzed the PV plant in
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Norway and obtained a value of 10.58% for the annual CUF [6]. In addition, the annual average daily
PV module efficiency, system efficiency and inverter efficiency were 12.7%, 11.6% and 88.8%,
respectively. Ramesh Chaudhary and Pratiksinh Chavda have reviewed the influence of climatic
factors on CUF in their article [7]. In this case, the strong dependence of CUF on radiation was
mentioned in the conclusion and varied between the values of 16.96% and 22.41%. Quantities related
to the energy produced by the PV system, and system losses [8] were considered in detail in the
works. Various economic indicators of SS were also analyzed.

The high temperature of the panel and pollution of the panel surface has a great impact on the
sharp decrease in the panel efficiency [9, 10]. However, for effective use of the roof of the building,
it is advisable to test green energy sources. As a result of research carried out in natural conditions,
monocrystalline PV panels were found to be the most efficient among the three types of panels [11].
And this is the basis for the use of monocrystalline PV panels in SS today. The main purpose of the
work is to analyze the annual energy amount produced by 70kW SS, to get the analysis of daily energy
amounts and to find the daily, monthly and annual values of CUF for SS installed in the area.

Research methods and materials

The 70kW solar plant in study is located on the territory of Termez State University (longitude
of 37° 13'57"N, latitude of 67° 17'8"E). The PV panels are installed at a tilt angle of 21° facing south
and connected to a 100 kW inverter inside the building (Figure 1).

Figure 1. Overview of on-grid solar system.

Termez is one of the cities with the most open sunny days and the largest annual solar radiation,
as it is located in the southernmost part of our country. Based on the geographical and climatic
conditions of Termez, we can conclude that it has a huge potential for renewable solar energy [12].

The duration of annual solar sunshine exceeds 3000 hours per year. Termez has a high solar
energy potential, which indicates that it can become one of the future green energy areas for the
installation of photovoltaic energy systems. You can get information about the average sunshine
hours in months and years from table 1 below [13].

Table 1
Average sunshine hours in Termez City in months and years

Month | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Year

Mean
monthly
sunshine

hours

139.5 | 144.1 | 189.1 | 246.0 | 334.8 | 375.0 | 384.4 | 362.7 | 315.0 | 257.3 | 195.0 | 139.5 | 3082.4

Mean
daily
sunshine
hours

4.5 51 6.1 8.2 108 | 125 | 124 | 11.7 | 105 8.3 6.5 45 8.4
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In the study, the installed power utilization coefficient of the 70kW on-grid solar plant installed
on the territory of Termez State University was analyzed. This system is installed on the roof of one
of the university dormitories facing south. 450W and 540W monocrystalline panels were used in the
on-grid solar system, and their electrical characteristics are given in Table 2.

Table 2
Electrical characteristics of the PVs
Model Type LS450HC (LA Solar) LS540BF (LONGI)
Peak Power (Pmax) 450W 540W
Module Efficiency 20.6% 20.95%
Maximum Power Voltage (Vmp) 41.00V 41.55V
Maximum Power Current (Imp) 10.98A 13.00A
Open Circuit (Voc) 49.60V 49.5V
Short Circuit Current (Isc) 11.53A 13.81A
Power Tolerance +3% +3 %
Maximum System Voltage 1500V 1500V
Nominal
Maximum Series Fuse Rating 20A 25A
Panel Dimension (H/W/D) 2108*%1048*40 mm 2279*%1134*35
Number of panels 50 88

In this solar system, solar panels will generate the DC electricity by absorbing sunlight and the
solar inverter will convert the same DC electricity into AC electricity which can then be used directly
at home or business. If the system will produce more power than is being consumed, the surplus is
fed into the main electrical grid via solar net metering. The diagram of the 70kW on-grid solar plant
is shown in Figure 2. In this case, the inverter is connected to the Internet via Wi-Fi, and it is possible
to monitor the daily energy produced by the solar system, the energy produced and its consumption
at any time of the day. Invertor SUN2000-100KTL-M1 is used for the system and it is considered
modern equipment for the solar energy section. Information is given about the characteristics of this
inverter in Table 3. It is considered a modern 3-phase inverter, reducing excess losses. It should also
be noted here that there are almost no power outages in cities, and the fact that the city grid can be
used as an unlimited capacity accumulator battery is appropriate. In this case, the high costs of the
battery will be reduced.This method is widely used in large power stations being installed today.

Table 3
Inverter electrical and technical specification
Technical Specification SUN2000-100KTL-M1
Max. efficiency 98.8% @480V, 98.6% @380 V /400 V
Dimensions (W x H x D) 1,035 x 700 x 365 mm
Weight (with mounting plate) 90 kg
Operating Temperature Range -25°C ~ 60°C
Cooling Method Smart Air Cooling
Max. Operating Altitude without Derating 4,000 m
Relative Humidity 0 ~ 100%
DC Connector Staubli MC4
AC Connector Waterproof Connector + OT/DT Terminal
Protection Degree P66
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Full reports of daily and monthly power generated by the system can be accessed through
https://region02eu5.fusionsolar.huawei.com using mobile phones or computers. This information
was directly utilized in the article.

Figure 2. Diagram of the on-grid solar system

The CUF is defined as the ratio of the AC actual energy output to the amount of energy that the
PV system would generate if it operated at nominal power [14]. An alternative definition is the
duration an electrical system operates at 100 percent capacity. The coefficients calculated over short
time intervals differ significantly from one another; consequently, the results obtained from
calculations spanning a week, month, or year become increasingly accurate as the time period
extends.

Results and discussions

The data collected from 17 October 2022 to 16 October 2023 to study the photovoltaic plant's
performance were obtained at Termez State University (latitude 37°13"). All information is recorded
in the on-site database as the inverter is connected to the Internet. Based on the overall results, the
annual electricity produced by the solar system (SS) and its Capacity Utilization Factor (CUF)
coefficients for months and years are analyzed. The energy produced by the SS during each month is
shown in Figure 3.

Figure 3. The total energy manufactured in the months
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Using the graph, the largest energy was produced in March, which is equal to 7.755MWh. The
most energy produced day of the year also belongs to this month, 379.25kW of energy was produced
on this day. The energy distribution by time on this day was given in Figure 4. It can be seen from
the graph that the day was sunny and clear, and therefore the energy graph has the characteristic of
symmetry.

Figure 4. Dependence of energy distribution on 15.03.2023 on the duration of the day

Using the energy function, a general summary of the day's information can be obtained.
Although the installed capacity of the station is 70 kW, it could not reach this maximum value at any
point during the day because it was installed as a stationary system. In stationary stations, but also a
separate PV panel, the panel cannot reach its maximum power in a stationary state [15]. The reason
is that as the temperature of the PV panel increases, the open circuit voltage drops sharply, which
causes the power to drop. Since March, the amount of monthly energy production has been decreasing
month by month. This lasted until October. The main reason for this is pollution of the panel surface,
which once again confirms that pollution is one of the main factors that cause energy losses. In
addition, the anomalous heat of the summer months also contributed to this energy loss. Since the
surface of the panels was cleaned of dust and pollution due to the rain in October, 5.5MWh of energy
was produced in 16 days of October, more energy was produced than the 3.25MWh of energy
produced in September. This requires the use of the technology of cleaning the panels installed on
the roof of the building. CUF (Capacity Utilization Factor) is one of the main parameters of our
photoelectric system, which produced 63.3MWh of energy in one year, and its average value was
10.32%. This coefficient changes over the months and its average value in Figure 5.

Figure 5. CUF in months and total
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Although the average value of CUF in our station is equal to 10.32%, it was close to 15% in
March and April. In October 2023, it showed the maximum value of 18.4%. Based on this, daily
produced energy in October 2023 was analysed, Figure 6.

Figure 6. Energy analysis in October 2023

As mentioned, in October, the value of CUF was the maximum for the considered period. And
this led to a review of the daily analysis of the energy produced this month. From Figure 6, we can
see that on October 6, at least 50kWh of energy was produced, and it was a day known as "Afghan
wind" in Termiz city. The surface of the panel was cleaned due to some rain after the wind. Therefore,
energy on October 5 and October 7 was 308.03kWh and 341.17kWh, respectively. On October 10
and October 13, the weather was cloudy and it rained during the day, and therefore the amount of
energy produced on this day was small, and the results of the next day increased and more than 350
kWh of energy was produced. The changes in energy distribution during these days depending on the
time of day were given from Figure 7.

From the graphs above, the October 13rd and 14th cases are given. The date October 13 the
weather was generally cloudy and rainy. That’s way energy distribution was changed very different
shape. The maximum power was about 32kW. The total energy produced on this day is the basis for
making clear conclusions about this day. On October 14, the weather was sunny. After the rain, the
PV panel surface was cleaned from dust and different pollution. Energy distribution was nearly
symmetric and maximum power 55kW was recorded. From the analysis of two consecutive days, the
cleaning of the PV panel surface by rain has a positive effect on the energy production process.
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Figure 7. Dependence of energy distribution on time of day

Conclusion

In today's modern world, the demand for energy from renewable energy sources is also
increasing every year. One of the main reasons for this is the attitude of people to green energy, and
on the other hand, the sharp increase in the efficiency of this type of energy against the background
of the development of technologies. The attention paid to this type of energy in our country is certainly
contributing to the development of this sector. As a result of the research carried out in the article, the
annual energy produced by the solar plant with a total capacity of 70kW located on the territory of
Termez State University, CUF values are quoted. The monthly values of the total annual energy
production of 62.77MWHh are shown in the graphs, and the best energy production was in March when
7.755MWh of energy was produced. In the article, the solar station's CUF was identified using the
monitoring system. Based on the results of research and monitoring, the following conclusions were
reached:

« When building stationary solar plants, it is important to accurately set the appropriate angle
of installation instead of their location and, if possible, change the angle of installation during the
seasons, which will increase the amount of energy produced,

 Since the grid works as an infinite battery for such a system, the cost of the battery is saved,

« From the continuous monitoring of panel pollution, it was found that 2-3 months of pollution
can reduce the efficiency of the system by 30-50%,

« According to the annual energy produced by the system, its CUF was 10.32%, and the best
monthly indicator was 18.4% in October.

The payback period of such a station installed in the southernmost part of Uzbekistan is
7.5 years, which is much shorter than the 25-year panel life. Among the conclusions, it should also
be said that pollution is the biggest problem that needs to be solved. In our studies, a general analysis
of this station was carried out based on the results of one-year monitoring.
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