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The use of photovoltaic panels in power grids around the world is
expanding. If these panels are equipped with a solar tracker, they
produce the maximum amount of possible power every hour.
However, since the use of these trackers increases investment and
maintenance costs, many of these panels are installed without using
trackers. Fixed panels are generally installed in such a way that the
maximum annual output power is generated. Considering the sharp
increase in load during peak hours, it is necessary to investigate the
possibility of increasing the participation of fixed photovoltaic power
plants in providing peak load. For this purpose, the design of the
photovoltaic power plant was studied in two scenarios. In the first
scenario, the photovoltaic panels were installed based on the increase
in annual output power generation, and in the second scenario, the
photovoltaic panels were installed based on the increase in power
generation during the peak hours of the day. The obtained results
showed that although the second approach led to a decrease in the
total annual power generation by photovoltaic panels, the
participation of photovoltaic power plants in supplying the peak load
was increased, and the amount of network annual losses decreased
than the first approach.
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EXTENDED ABSTRACT

Introduction

Lack of energy resources, the increase in energy demand due to population growth, the
widespread use of energy in the affairs of human societies, the existence of concerns in the
field of climate change due to the emission of greenhouse gases, the limitation and non-
renewability of fossil energy sources, and environmental pollution indicate the necessity of
using renewable energies. Solar energy is one of the most suitable renewable energies.
Considering the abundance of sunlight and the valuable capacity that exists in the field of
solar energy exploitation, increasing the efficiency of solar power plants has significant
technical, economic and environmental benefits. Photovoltaic systems consist of a number
of solar panels that absorb sunlight and convert it directly into electricity. The most
important component of these systems are the panels. The installation angle, tilt angle, and
the angle between panel surface and sunlight beam have a major impact on the amount of
energy received by photovoltaic panels. Fixed panels receive the sunlight obliquely at
sunrise and sunset and absorb only a small amount of solar energy. These panels can have
acceptable absorption only in the middle of the day when they are almost facing the sun. In
order to absorb the maximum power from the solar panels, solar tracking systems are
installed on them. Solar tracking systems track the path of sunlight and adjust the position
of the solar panel for maximum use of sunlight. In many cases, the use of solar trackers is
not possible due to the high costs of these systems, and investors have become interested
in using fixed photovoltaic panels.

Considering the many problems in providing peak load, it is very important to
investigate the possibility of greater participation of fixed photovoltaic power plants in
providing peak load. Therefore, in the present research, based on increasing the
participation of photovoltaic power plants in supplying the peak load of the network
(four hours of peak load per day), the appropriate installation angle of photovoltaic
panels was obtained.

Simulation results

Studies were carried out based on two scenarios as follows:

— Scenario 1: Optimum installation of photovoltaic panels in order to achieve the
highest amount of production power at all hours of the year.

— Scenario 2: Optimum installation of photovoltaic panels in order to achieve the
maximum amount of production power during daily peak hours per year (four
peak hours per day).

Based on the considered scenarios, the simulation is carried out and the results are

presented in Table 1.
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Table 1. Simulation results in the considered scenarios.

Optimum Total production Total :‘l;:;l}; :‘I,(::;l);
. installation angle of power in daily production 8 8

Scenario X X powerloss  power losses

the photovoltaic peak hours per power in the during peak in the year

panel (degrees) year (kWh) year (kWh) hours (kWh) (kWh)
Sce‘f‘“" 0 273125 672630 15.55 7.96
Sce‘;‘“‘) 6.7 276080 670180 14.71 7.68

Conclusion

In the current study, the contribution of photovoltaic panels in the load supply at the
peakload times were investigated. Based on the load consumption profile and the peak time
of the load, the optimal installation of photovoltaic panels was carried out with two
approaches. In the first approach, the optimal installation angle for the photovoltaic panel
was determined with the aim of maximizing the total energy produced by the photovoltaic
panel at all hours of the year, and in the second approach, this angle was determined with
the aim of maximizing the total energy produced by the photovoltaic panel during the daily
peak hours throughout the year. Next, the power produced by the photovoltaic panel was
determined in each of the two approaches. The results demonstrated that in addition to the
tilt angle of the photovoltaic panel, the installation angle also plays an important role in the
performance of photovoltaic panels. Increasing the power output of photovoltaic panels in
the load peak times had a major impact on the reduction of system losses and improving
the voltage profile at the load peak times. This effect was such that despite the slight
decrease in the annual production of the photovoltaic unit, the maximum annual profit for
the owner of the photovoltaic units was obtained.
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