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INTRODUCTION

In this article, after examining various methods of sizing photovoltaic panels and
batteries, a method for sizing batteries and PV is proposed, which is obtained by
using the amount of electricity consumed by a residential house during the peak
load of the national electricity network. The reason for choosing this system is
that the initial capital cost is cheaper than other renewable systems. In this paper,
the case study is connected to the grid and the PV/Battery system is used as a
backup system to generate power during peak load times to minimize the costs.
Today, sizing of energy system using computer software is the most widely used
among various sizing methods. The reason for this is the high accuracy and
convenience of these methods. The most famous computer software that is
effective in the field of sizing is HOMER Pro software. This software is designed by
the US National Renewable Energy Laboratory and is available to the public now.
In HOMER Pro, by entering the load data and types of PVs and batteries and also
by clearing the grid status, the software lists the best combination and the best
size of systems for the user.

The innovation of this research is that instead of providing complete residential
load through renewable energy systems and imposing large amount of costs on
the consumer, the renewable energy system provides the load of the house only
during the peak load of the grid.

MATERIALS AND METHODS

HOMER Pro software uses predefined patterns to determine peak hours of power
consumption in each month and season of the year. These patterns and standards
are all based on American standards. In previous researches conducted by Iranian
researchers, the patterns and standards of Iranian electricity consumption peak
are defined for the software. In this paper, the patterns and standards of Iran is
used so that the research results are accurate and real.

The average daily consumption during a month is selected as daily consumption in
that month and changes in consumption between days of a month are excluded.
The average daily consumption of the case study is approximately 10 kWh and
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Table.1 Peak consumption, peak production, overcapacity and overall consumption in all months

Month Cons. during Prod. rate exceeds Prod. rate exceeds Monthly Cons.
(kWh) peak (kWh) the peak (kWh) battery capacity (kwh)

Far. 2.07 2.13 1.36 340
Ord. 2.5 1.7 1.3 350
Khor. 2.68 1.44 1.32 410
Tir 3.13 1.07 1.49 422
Mor. 4.12 0.08 1.69 455
Shah. 2.68 1.52 1.48 440
Mehr 2.34 1.86 1.31 380
Aban 2.34 1.86 1.28 358
Azar 2.5 1.7 1.12 340
Dey 2.67 1.53 1.09 335
Bahman 2.5 1.7 1.07 330
Esf. 2.5 1.7 1.1 370

the maximum is up to 15 kWh.

Different scenarios can be defined for sizing PV systems and
batteries. In this paper, the supply of electrical charge during
peak consumption is considered.

To calculate the productive power of photovoltaic cells,
HOMER Pro software uses eq. (1) [3].

Poy = fou Yoy [G(T;T J(lJr ap (Tc —Testc )) (1)

.STC

In Equation (1) f,, related to the reducing agent, Y, equal
to the nominal capacity of the photovoltaic cell and G, also
belong to the solar radiation factor. G, in this equation is
equal to the solar radiation in the standard test conditions
of photovoltaic cells, &, is the temperature coefficient of the
solar cells in their catalog, T_is the operating temperature
and T_ . belongs to the standard test conditions of
photovoltaic panels.

It should be noted that the software uses Equation (2)
to calculate the cost of equipment performance and
maintenance.

C =C

Operation

C

anntot ~ “ann,cap (2)

Where, C_,
equal to the total annual initial capital.

is equal to the total annual costand C_, is

ann’cap

FINDINGS

Considering the average daily consumption of 12.5 kWh
for the consumer, the amount of consumption during
peak, no-load and low-load for different months and total
consumption per month is shown in Table 1. Also, the
surplus production capacity and the amount of surplus
power supply by PVs, which is more than the battery
capacity, is shown in Table 1.

According to table 1, the maximum monthly consumption

is equal to 455 kWh and is related to the month of Mordad.
Since this month is in the middle of summer, it can be
guessed that this has happened due to the increased need
for cooling and operation of home cooling appliances. On
the other hand, the lowest monthly consumption is related
to Bahman month with 330 kWh consumption.

As expected, Over Production happens during the summer
season. In Mordad month, 1.69 times more electricity is
generated than the battery capacity. The lowest amount is
related to Bahman and is equal to 1.07 times the electricity
produced. Since none of the numbers in this section is less
than one, Homer software calculates the correct sizing for
the batteries.

In the explanation of the third column of Table 6, it can be
said that after installing the maximum capacity of 4.2 kWh,
during the times that the needs of the consumer are less
than this amount, the rest of it will be used during other
hours of the day. The best strategy is to use this energy
during off-peak hours and, as far as possible, it should not
be used during off-peak hours; therefore, we reduce the
installed capacity from the consumption at the peak of
different months and use the remaining amount at low load.
According to the amount of electricity produced in each
month, the annual household income will be 1,221,182
Tomans. Considering the initial cost of 10,270,000 Tomans,
it seems that without the help of the government and
subsidies for the installation and implementation of such
systems, the existence of these systems is not profitable for
the household.

To calculate the fair subsidy that the government can
provide to these individuals, a 4-year return on investment
for the initial investment seems reasonable. In this regard,
regardless of the inflation rate and considering the annual
profit of 1,221,182 Tomans and the annual operation cost
of 62,400 Tomans, investing 4,635,128 Tomans will be fair
for the household and therefore the government should pay
5,634,872 Tomans for such plans.



CONCLUSION

If the plan of this paper is implemented properly, it can have
the following results in the long run:

¢ Building large number of home power plants instead of
using a very large and centralized power plant will reduce
the government’s initial and current costs for energy
production, especially clean energy.

e As households use renewable electricity as a system
connected to the PV grid and batteries, the existing
pressure on the grid is removed. In this case, the electricity
in the network can be used for industrial purposes, etc., and

successive power outages and damage to industries and
jobs can be prevented.

By increasing the use of renewable energy by households
and reducing the pressure on the grid, the national grid will
have more opportunities to grow and improve, which will
reduce the number of power outages in the future.

e In addition to the economic and technical benefits
of this project, by creating a fair subsidy for the use
of renewable electricity by households, we will see a
reduction in carbon dioxide emissions and a reduction in
air pollution.
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