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Abstract

This article analysis the performance of the 5.04 kW grid connected solar PV power plant
mounted on the roof of the demonstrational pavilion. The facility is located on Sofia, Bulgaria. The
aim of this study is to show the amount of energy produced by the PV power plant in different seasons
and conditions. This PV power plant was mounted and grid-coonected to the National grid and
monitored since October 2019. In this article we are going to show the total annual amount of energy
produced in 2022 and we are going to show the performance of the PV plant during different seasons
and weather conditions. This report was prepared using the data available thanks to the InDeWaG
Project documentation.
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1. Introduction

The ambitious plan for carbon-neutrality by 2050, set out in the European Green Deal require
large-scale action in all economic sectors: investment in new environmentally friendly technologies;
innovations in industry; cleaner and cheaper transport; decarbonization of the energy sector;
renovation of the building stock. Improving existing buildings and striving for smart solutions and
energy efficient materials can reduce energy losses.

Producing energy using fossil fuels is becoming harder and also it has a negative effect on the
environment. Recent studies show that these resources are coming to an end and we have to keep
them as long as possible. Therefore, scientists and business must focus on developing renewable
energy sources (RES) and find a way to store the energy produced by them so it can be used when
needed.

RES such as solar PV, wind and water power plants must be projected to cover more and more of
the future energy need not only in Bulgaria, but also worldwide [1]. Not only PV plants are capable
of producing free energy from the sun, they are also responsible for the decreasing of the CO:2
emissions. It is known that 1 kWh of the electrical energy generated by a solar PV plant decreases the
emission of 0.6 kg CO: into the atmosphere [2].

The usage of solar power generators has been encouraged in recent years owing to various
environmental benefits [3]. PV Solar energy is concerned as the most efficient renewable energy for
buildings and homes. Next images show the annual average radiation in Bulgaria. The installed solar
capacities in our country are already 1.72 gigawatts and in 2022 they have produced a total of 2
terawatt hours of electricity [4]. It is expected that Bulgaria will double is production from PV plants
during the next 5 years.
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Figure 1. Global solar radiation and PV potential for Bulgaria. [5]

Bulgaria is now one of the most renewable energy countries in EU. During the last 3 years our
country has tripled the energy produced from solar power plants, and now they produce over 20% of
the energy in the energy mix of the country.

According to the Institute of Hydrology and Meteorology (IHM) of the Bulgarian Academy of
Sciences (BAS) and its data for solar radiation Bulgaria is divided in 3 zones depending on the amount
of the fallen solar radiation on 1 m? horizontal space. Sofia (the capital of Bulgaria and also where
the described PV plant is situated) is situated in zone with average solar radiation approximately Sofia
is situated on the South-West region of Bulgaria (zone 1), where the average theoretical solar radiation
is < 1450 kWh/m?/year. [6].

2. Analyzed system configuration

2.1. PV plant description

The plant is located in Sofia, Bulgaria. It was built to cover the energy needs of the experimental
building called demonstrational Pavilion, as a part of the InDeWaG project [7].

On the roof of the pavilion are installed 18 photovoltaic (PV) modules URECO F6E280H3A
connected to solar inverter Huawei sun-2000 ktl. Power output of the solar generator is 5.04 kWp
with an area of 29.3 m2. PV modules are mounted with a tilt angle of 10 degrees facing south. (fig.
2.). The pavilion is connected to the grid and the excess energy from the solar generator is being
exported to the local electric grid. When electricity from PV panels is more than the consumption of
the Pavilion, this amount of energy is delivered to the electric grid and when the pavilion needs more
electricity, it is taken from the electric grid. In order to monitor power consumption of the pavilion
smart meters have been mounted in the main electrical box. This gives us a chance to collect and
analyze data for all electrical consummators. All data is stored in a cloud and can be accessed via web
browser and mobile application [8].

3. Data analysis

Monitoring, and researching of the pavilion during its operation helps to improve the work of PV
system and create a complete analysis on its work. With the help of this analyst, we can create a
complete view on the work of the PV under different weather conditions and in different seasons.
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The data logger collects data from different measurement sensors and inverters through and
transfers it to the cloud from where it can be exported in different files, so it can be easily analyzed.
Data logger records solar irradiance, voltage, current and power at input and output of each inverter
as well as wind speed and module temperature at an interval of every 5 min.

PV module data:

Model - STC F6E280H3A :
Maximum Rating Power (Pmax) [W]: 280 A s
Module Efficiency [%]:17.2 \

Figure 2.PV system on the roof of the
innovative demonstrational pavilion in Sofia
with installed capacity 5.04 kWp

Solar radiation - 22.01.2022 PV Yield (kWh) -22.01.2022
1000 0,050
800 0,040
600 0,030
400 0,020
200
0 0,010
— O ANDONMDONT—0LWNDO©M 0,000
— MO OOONMWOLNINODANMIL N
rrrrrr NN NN~

1T 3 65 7 9 11 13 15 17 19 21 23

Figure 3. Energy production and solar radiation on 21.01.2022
Average solar radiation (solar radiation during active hours) — 405, 82 W/m’K, produced energy on
22.01.2022 — 0.16 kW, energy produced on January, 2022 - 216,82 kWh
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Figure 4. Energy production and solar radiation on 17.05.2022.
Average solar radiation (solar radiation during active hours) — 681, 24 W/m’K, produced
energy on 17.05.2022 — 32,4 kW, energy produced on May, 2022 - 866,530 kWh
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Figure 5. Energy production and solar radiation on 17.08.2022
Average solar radiation (solar radiation during active hours) — 594,08 W/m’K, produced energy on
17.05.2022 — 29,02 kWh, energy produced on August, 2022 - 714,80 kWh
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Figure 6. Energy production and solar radiation on 21.11.2022
Average solar radiation (solar radiation during active hours) — 109,22 W/m’K, produced energy
on 21.11.2022, energy produced on November, 2022 - 3,05 kWh
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Figure 7. Energy produced during the whole 2022 — 6378,46 kWh

Conclusions

A detailed performance analysis based on monitored data and operating experience of PV systems
is required for large scale integration of grid PV systems in future.
During the monitored year 2022 this PV plant produced 6, 38 MWh
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In this paper, the performance analysis of 5.04 kW PV system mounted on the roof of the
demonstrational Pavilion was performed. After analyzing the data from the PV power plant, we can
state that:

e Bulgaria with its situation has a great potential for developing renewable source section.

e These small PV power plants are suitable for covering the electricity need for households and
small residential buildings.

e These PV plants can deliver over 5000 kW and they can be useful when there is solar radiation
during the daylight.

e This energy should be stored and used during the rest time of the day to meet the need from
electricity.

e Even though there is enough solar radiation not always the PV plant manages to produce
enough energy to fulfil the needs of the pavilion. This is due to the angle the solar panels are mounted
on the roof.

It must also be stated that photovoltaic systems are a source of clean energy, since they do not
contribute to carbon gas emissions and are accessible by many households and countries.
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KurouoBi cjioBa: 6ionoeniosani  ddicepena, COHAYHA eHepeis, (QOmoeneKmpudti cucmemu,
APOOYKMUBHICMb hOMOENEKMPUUHUX CUCTEM, AHALI3 OAHUX.

AHoTanisa

VY 1iii cTaTTi mMpoaHaiz0BaHO MPOAYKTHBHICTB ITIIKIIFOUEHOT 10 MEPEXi COHAYHOT (hOTOCTEKTPUIHOT
eJIeKTpOCTaHIii nmoTyxHicTio 5,04 kBT, BcTaHOBIEHOT Ha Jaxy JIEMOHCTPALIHHOTO IMaBiIbHOHY.
O0'ext posramoBanuii y Codii, bonrapis. Mera 11b0ro JOCIHIKEHHS - TTOKa3aTH KIJIBKICTh €HEprii,
BUPOOJIEHOT (DOTOCTICKTPUYHOIO CTAHIIEID B Pi3HI MOPU POKY Ta 3a pi3HUX yMOB. Ll coHsuHa
eJIeKTpOCTaHIlis Oyia 3MOHTOBaHA 1 IMJIKJIFOUEHA JI0 HAIIOHAJIBHOI €JIEKTPOMEPEkKi, a MOHITOPHHT
npoBoAUBCs 3 KOBTHs 2019 poky.

VY miil cTaTTi MM TOKa)XeMO 3arajbHUN pIYHUN 00csT eHeprii, BupobaeHoi y 2022 poiri, a TaKox
MOK2XEMO MPOAYKTUBHICTH (DOTOECNEKTPUYHOI CTAHIIIT B pi3HI CE30HU Ta MOTOHI YMOBH.
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