Short Paper—Study of the Effect of the Energy Produced from a Grid-Connected Rooftop Solar PV...

Study of the Effect of the Energy Produced From a
Grid-Connected Rooftop Solar PV System for Small
Households

https://doi.org/10.3991/ijoe.v18i05.26949

Fatima Sapundzhi
South-West University "Neofit Rilski", Blagoevgrad, Bulgaria
sapundzhi@swu.bg

Abstract—In recent years, a great popularization of the production of elec-
tricity from photovoltaic systems has been observed, which gives hope for reduc-
ing environmental pollution and tackling the shortage of natural resources used
for electricity generation. This article will focus on studying the effect of energy
produced by a grid-connected rooftop solar photovoltaic system for small house-
holds.
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1 Introduction

At the base of the unprecedented increase in the use of conventional energy resources
is the high rate of economic growth in developing countries. Globally, renewable en-
ergy sources are the fastest growing. Solar energy is a renewable energy source and is
becoming increasingly popular and preferred by many households in order to save on
electricity costs. By using a photovoltaic (PV) system, solar radiation can be directly
converted into electricity. In Bulgaria in the months of May, June, July and August
sunlight is plentiful and there are many people building different technologies to control
this energy and convert it into electricity [1-8].

Many people who live at home install solar panels on the roofs, which absorb solar
energy and convert it into electricity. It has now become very popular to install solar
panels on the roofs of residential buildings, thus reducing the cost of common areas of
residents [9-14].

The purpose of the current investigation is to study the effect of the energy produced
from a grid-connected rooftop solar PV system for small households. The PV system
with a power of 5kW is located on the roof of an existing residential building in the
village of Cherniche, Blagoevgrad, Bulgaria [1].
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2 Computer simulations

Computer simulations of the grid-connected rooftop solar PV system were per-
formed in the software PV*SOL [15]. The results of the computer simulation of this
system are presented in previous study [1] and shows that the maximum power that can
generate the PV panels is 4,70 kW. The simulations show the operating range of the
maximum power tracking system from 125V to 440V. The software calculates the total
power of the PV system-4,6 KW [16].

The following Q-Cells SE Q, BASE-G2 235 Rev03 235 W panels were used to build
the PV system which are characterized by higher performance than other modules due
to the positive sorting technology [16-19].

In the installed PV system is used three-phase inverter Sunny Boy 5000TL which
has a very high efficiency, up to 97% and the following characteristics: maximum input
voltage of 750 volts, which expands the possibilities for installing a larger number of
solar panels; maximum photovoltaic power 5250 W, maximum output power 240 -
5000W; frequency - 60Hz and maximum current -15A [1].

This SB5000TL inverter has all the latest internet connection technologies and it
collects information and records on the manufacturer's cloud server, which we can mon-
itor and analyze at any time.

In the current study we investigate the produced energy of the PV system for period
from 2013 to 2020 year. The annual comparison of the PV system for this period is
presented in Figure 1.

1000
900
800
700
600
500
400
300
200
100

Total yield [kwh)

: Ja:u:ry S M;r S ;43; B E 3 Septeimber BB No;e:ber Ed
February April June August October December
=8= Mean value -0~ 2013 - 2014
- 2015 > 2016 - 2017
-0~ 2018 - 2019 2020
-0~ 2021 B Averageyield expectations

Fig. 1. The annual comparison of the PV system from 2013 to 2020
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The results of the generated power of the 5kW built-in photovoltaic system by
months for the studied period of 8 years are presented in Table 1. The amounts of en-
ergy generated by the PV system and the percentage distribution of energy for this pe-
riod are presented in Figure 1 and Figure 2.

Table 1. Generated power produced by 8 years from the PV system

Year |January [February| March | April | May | June | July |August|September|October|November|December| Total
2013 0.46 (817.58]961.42|905.64| 743.00 {620.91| 325.01 | 344.36 (4718.38
2014 (177.22|490.14 (666.29|609.96(773.29|848.83(898.51|873.63| 587.67 [432.02| 255.55 | 190.98 |6804.07
2015 |[351.14| 482.22 |464.71|788.78(859.81|864.58(969.64(845.29| 525.04 (417.73| 165.03 | 0.00 |6733.97
2016 (222.82| 373.67 [497.22|630.06(654.50|728.41(779.47|729.98| 563.51 [394.18| 273.23 | 323.47 |6170.51
2017 [199.13]| 348.38 [511.65|617.71{652.43|703.02(741.12|711.13| 545.04 [529.75| 241.83 | 225.71 |6026.89
2018 (283.18| 234.37 402.32|669.49(719.09|634.60(778.75|751.75| 700.90 {582.03| 308.54 | 220.77 |6285.77
2019 (228.41| 477.54 (756.91|702.00{776.62|866.31(937.91|920.12| 750.26 [{511.53| 260.84 | 134.36 |7322.80
2020 (372.46|488.77 [595.61|754.28(787.40|786.25(920.89|845.27| 744.34 (533.00| 388.94 | 194.62 |7411.83

Mean
value

262,05 413,58 [556,39|681,75|746,16|776,00(860,90(811,02| 630,97 [485,75| 270,57 | 184,27 (6679,41

Year

nortion 3.88% | 6.12% |(8.33%)|10.06% | 11.09% | 11.62% | 12.93% | 12.07% | 9.46% |7.38% | 4.07% | 3.00% |100.00%

The maximum global irradiation of the PV system is found in July month in 2015:
969,64 kWh (Table 1, Figure 1). The total energy produced by investigated PV system
for the period from 2013 to 2020 is 51474,22 kwh.

Figure 2 shows the solar energy produced from the investigated PV system by the
installed inverter STP 5000TL-20034 in the period January — December 2019 and 2020.
The diagrams show that the highest values are obtained in July and August 2019 and
2020, when the temperatures in Bulgaria are the hottest. November - February are
months with low solar values radiation, which leads to lower energy production from
PV system.

For the real-time monitoring of the investigated PV system, the Sunny Portal moni-
toring plat-form was used [20]. This software allows visualization and analysis of meas-
ured values. It can be used to make a comparative analysis of the power output during
the study period 2013-2020 years and it is possible to detect deviations in the operation
of the PV system [21-26].
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Fig. 2. Monthly percentage distribution of electricity produced by PV system for the investi-
gated period 2013-2020

Through the Sunny Portal platform, the measured values are visualized and ana-
lyzed, a comparison of the extracted power over the years, which makes it possible to
detect deviations in the operation of the PV system.

Figure 3 shows the typical nature of the solar radiation, the daily course of the meas-
ured voltage and the monthly distribution of the solar energy produced by PV system
for 2019 year.
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Fig. 3. Produced energy by invertor STP 5000TL-20034 of PV system for 2019 and 2020

Installing a solar PV system on a house roof is an environmentally friendly choice
that is popular in society and industry. Nowadays, researchers are interested in improv-
ing the energy power of rooftop solar PV systems in small households [27-33]. This
leads to the production of ecological energy and to saving households money.
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Fig. 4. Monthly distribution of the solar energy produced by PV system for 2019

3 Conclusions

Photovoltaic solar energy simulation of rooftops of house of Cherniche,
Blagoevgrad, Bulgaria has been carried out. The studied photovoltaic system can help
the electricity network in the Blagoevgrad region, Bulgaria by injecting additional pho-
tovoltaic electricity, especially during the hot and sunny periods in summer. Installing
more PV systems on the roofs of people's houses will help reduce the climate and the
impact on the environment.
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