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Introduction
In today’s world, with the expansion of technology and indus-

trial tools, as well as the need to supply energy needed by various 
industries, the use of new and renewable energy has become inevi-
table. Among these, solar energy has a special place, and the use of 
this energy is increasing rapidly [1]. Meanwhile, the use of solar en-
ergy due to uncertainties in power generation (lack of uniform so-
lar radiation and climatic and regional conditions, exact mismatch 
between production time and electricity consumption, etc.) has less  

 
reliability than energy supply from fuel Fossil fuels, which means 
the existence of batteries and electrical energy storage devices 
makes it necessary [2].On the other hand, the high initial purchase 
and installation cost of batteries and photovoltaic panels requires 
us to evaluate and carefully examine the required power and “siz-
ing” the batteries and photovoltaic panels to provide the required 
energy at the lowest possible cost [3]. Many research groups have 
carried out PV and battery sizing optimization [4]. Currently, often 
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constant electricity tariff or average load & PV data of the chosen 
sites are used as input data. Many of this research do not consider 
the interaction between variable electricity prices and the optimal 
battery and PV sizes.

Von Appen et al. [5] introduced an approach based on a mixed 
integer linear program. They use yearly load energy consumption 
from all analyzed households, which leads to a more general opti-
mization for all households. However, the electricity consumption 
profile varies for different houses. The optimized results may be 
hard to be met by individual customer requirement. Recently, Da-
vid Parra et al. [6] present a method to obtain the optimum com-

munity energy storage systems for end user applications. The same 
problem as before, they used constant electricity price and pre-de-
fined battery charge and discharge operation. In this article, after 
examining the various methods of sizing photovoltaic panels and 
batteries, a method for sizing batteries and photovoltaic panels is 
proposed, which is obtained by using the amount of electricity con-
sumed by a residential house during the peak load of the national 
electricity grid. In this method, the desired residential, commercial, 
office or industrial sector is connected to the national electricity 
grid (Figure 1) and the solar system serves as a backup system to 
generate power at peak grid load times. This minimizes the cost of 
electricity consumed by the unit.

Figure 1: Residential section connected to the national grid and equipped with batteries and photovoltaic panels.

Background
Sizing methods are divided into six general categories. Rule of 

thumb, numerical, analytical, computer software, artificial intelli-
gence, and hybrid methods [7]. These methods evolve over time 
and more accurately calculate the amount of power a consumer 
needs. The thumb method is the oldest sizing method and as its 
name suggests, it gives approximately the desired size [8]. The ad-
vantage of this method is its high speed and simple calculation, and 
its disadvantages are the significant error percentage in some cas-
es, low reliability, and the need for more initial investment. In this 
method, sizing of photovoltaic panels is obtained by multiplying a 
safety factor Sf by the amount of power that provides the load. This 
coefficient is usually chosen based on the designer’s experience [9].
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EL is the amount of energy consumed in the desired section, 
is the efficiency of the photovoltaic panel used, is the efficiency of 
the inverter and  is the amount of solar radiation time. The equa-
tion provides the power required for the PV panel. In the numeri-

cal method, which is more advanced and accurate than the thumb 
method, the size of the panel and the battery are calculated by iter-
ative solution (repeating new data at each stage until an acceptable 
answer is obtained) [10]. By calculating the technical parameters 
(such as the percentage of inability to supply load, duration of 
non-supply of load, etc.) and considering the minimum and maxi-
mum size for PV and batteries of this method, it gives the first and 
lowest acceptable power for PV and batteries [11]. In the analyt-
ical method, all battery sizes from the lowest to the highest value 
are tested for the desired panel size. If the required power is not 
provided, the size of the photovoltaic panel will be one step larger 
and all possible batteries will be selected again, and this cycle will 
continue until we reach the first appropriate answer [12].

In the analytical method, a graph of decision variables (here 
panel and battery size and technical parameters) is drawn ac-
cording to each other and for all values, and the best panel and 
battery size is selected from these diagrams [13]. In this method, 
unlike numerical methods, panel and battery size is obtained at the 
same time and the minimum size is selected to meet the needs of 
the consumer. Nowadays, panel and battery sizing using comput-
er software is the most used among different sizing methods and 
the reason for this is the high accuracy and convenience of these 
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methods [14]. The most famous computer software that has signif-
icant performance in the field of sizing is HOMER software, which 
was designed and made available to the public by the US National 
Renewable Energy Laboratory. In this software, by entering home 
load data and types of photovoltaic panel sizes and available batter-
ies, as well as connecting or not connecting of desired section to the 
national grid, the software, in order of priority, provides the best 
combination and size of systems as directory for the user.

Artificial intelligence methods used in sizing are divided into 
4 general groups (Figure 2). In all these methods, the initial popu-

lation is generated and then, using the evaluations performed, the 
values of the target functions are improved to approach the desired 
response. In this paper, contrary to the methods mentioned that 
only the electrical load consumed by the unit was calculated and 
the appropriate capacity to supply the load was determined, the 
load profile of the national power grid is also considered. First, the 
peak load time of the power grid is determined and then the elec-
trical load consumed by the unit at the peak grid consumption is 
calculated to explain the capacity of the system in such a way that it 
responds to the desired house during the peak load time.

Figure 2: Types of artificial intelligence methods used in sizing [15].

Methodology
In this paper, the electrical load of a residential house is mea-

sured in one month and then simulated using HOMER software for 
the whole year. Also, the average consumption of days of a month 
has been selected as daily consumption in that month and changes 
in consumption between days of a month have been omitted. The 
average daily consumption of the house is approximately 10 kWh, 
and the maximum is up to 15 kWh. How to consume electricity at 
different times of the day is shown in Figure 3. Electricity consump-
tion tariff in Iran is different at different times of the day [15]. The 

start and end time of the peak load of the grid according to the an-
nouncement of the Ministry of Energy in the months of July of 2020 
to March of 2021 is as shown in Figure 4. This table is obtained 
from the information of Iran Energy Exchange. Complete informa-
tion on peak load, medium load and low load is also provided. The 
method proposed in this paper is to use PV system and battery as 
backup system to supply power consumption during peak grid load 
to minimize power costs. Sizing such a system requires knowing 
the load consumption of the house during the peak load of the glob-
al power grid.
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Figure 3: Simulation of load consumption of a house with HOMER software.

Figure 4: Peak load time announced by the Ministry of Energy [16].
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Figure 5: Calculation of the area under the home load curve at peak load times of the grid.

Results and Discussion
By simulating the consumption load of the desired house in 12 

months of the year according to the previous part, the consumption 
load of the house can be obtained. The house in question is located 
in Tehran with a longitude of 35.68 and a latitude of 51.38. Figure 
5 shows the grid load times for different months of the year in red 
lines. Also, for the first three months of the year, which is not in the 
figure and table, the load is considered according to the month of 
March. By calculating the level below the chart, the amount of elec-
tricity consumption of the house from the beginning to the end of 
the peak grid load in different months has been calculated. It should 
be noted that the peak load of the house does not necessarily cor-
respond to the peak load of the electricity grid, and the information 
extracted from the peak hours of the national electricity grid is used 
only in the pricing of electricity consumption of the house. Home 
consumption culture can be matched to the average consumption 
of the community (peak consumption at peak grid consumption) or 
considered different. The house in question has operated according 
to the grid in some months and differently in some months.

Sizing
Different scenarios can be defined for sizing PV systems and 

batteries with this method. By calculating the cost for different ca-
pacities of PV system and battery, it is possible to choose the capac-
ity that provides the most benefit to the consumer in proportion 
to the cost by providing a part of consumption, but in this article, 
full supply of electricity load during peak consumption is consid-

ered [16]. In order to fully supply the electricity consumption of the 
house during the peak load, it is necessary to select the maximum 
consumption during the peak load in different months. As shown in 
Figure 5, the maximum area obtained is 4.12 kWh, which is selected 
as the desired size to fully supply the household load at peak times. 
Considering the average of 5 hours of sunshine per day, the capacity 
for PV is 800 KW and for the battery it is exactly equal to the maxi-
mum consumption of about 4.12 KWh.

Conclusion
In this article, after introducing sizing as the first and basic step 

of installing and equipping PV systems and batteries, its various 
methods were introduced and the uses of each in different parts 
of the world were examined. In the next step, the time of arrival of 
the national grid to the peak load in different months of the year 
was determined. Then, the electrical load of a building was simu-
lated using HOMER software in the twelve months of the year and 
the consumption was determined at different hours of the day. In 
order to minimize the cost of electricity consumption for the de-
sired house, it was proposed that the PV system and the battery 
supply the electricity of the desired house only at peak times when 
the price of electricity consumption is at its most expensive, be-
cause the complete power supply of the desired unit from the PV 
system and the battery requires a lot of initial cost. The proposed 
method for sizing without the need for high investment costs. In the 
most efficient case, all the electrical needs of the house in question 
during the peak load of the grid from the PV system and battery 
supply and electricity costs are greatly reduced.
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Research Highlights
a) Proposing a method for sizing batteries and photovolta-
ic panels, which is obtained by using the amount of electricity 
consumed by a residential house during the peak load of the 
national electricity grid.

b) Minimizing the cost of electricity consumed by the unit.

c) Simulating the load required by the home sector using 
Homer software.

References
1. Zahedi R, Daneshgar S,Seraji MAN, Asemi H (2022) Modeling and 

interpretation of geomagnetic data related to geothermal sources, 
Northwest of Delijan. Renewable Energy 196: 444-450

2. Larcher D, Tarascon JM (2015) Towards greener and more sustainable 
batteries for electrical energy storage. Nature chemistry 7(1): 19-29.

3. Heine K, Thatte A, Tabares-Velasco PC (2019) A simulation approach 
to sizing batteries for integration with net-zero energy residential 
buildings. Renewable energy 139: 176-185.

4. Li J (2019) Optimal sizing of grid-connected photovoltaic battery systems 
for residential houses in Australia. Renewable energy136: 1245-1254.

5. von Appen J, Julio HB, Jhon HK, Martin B (2015) Sizing and grid impact of 
PV battery systems-a comparative analysis for Australia and Germany. in 
2015 International Symposium on Smart Electric Distribution Systems 
and Technologies (EDST) IEEE.

6. Parra D, Stuart AN, Gavin SW, Mark G (2016) Optimum community 
energy storage system for demand load shifting. Applied Energy 174: 
130-143.

7. Zahedi R, Daneshgar S, and Golivari S, (2022) Simulation and 
optimization of electricity generation by waste to energy unit in Tehran. 
Sustainable Energy Technologies and Assessments 53: 102338.

8. Zubi G, Rodolfo DF, Guzay P, Nicolas P (2016) Techno-economic 
assessment of an off-grid PV system for developing regions to provide 
electricity for basic domestic needs: A 2020–2040 scenario. Applied 
Energy 176: 309-319.

9. Khatib T, Ibrahim IA, Mohamed A (2016) A review on sizing 
methodologies of photovoltaic array and storage battery in a standalone 
photovoltaic system. Energy Conversion and Management 120: 430-448.

10. Zahedi R, Reza E, Mohammadhossein A, Nima R, Paniz (2022) 
Development of a New Simulation Model for the Reservoir Hydropower 
Generation. Water Resources Management 32: 2241-2256.

11. Koohi-Kamali S, Rahim NA, Mokhlis H (2014) Smart power management 
algorithm in microgrid consisting of photovoltaic, diesel, and battery 
storage plants considering variations in sunlight, temperature, and load. 
Energy Conversion and Management 84: 562-582.

12. Bullich-Massagué, Francisco JCG, Ignacio GC, Marc Cheah-Mane, Monica 
AG (2020) A review of energy storage technologies for large scale 
photovoltaic power plants. Applied Energy 274: p. 115213.

13. Kaldellis J, Kavadias K, Zafirakis D (2012) Experimental validation of 
the optimum photovoltaic panels’ tilt angle for remote consumers. 
Renewable Energy 46: 179-191.

14. Alsadi S, Khatib T (2018) Photovoltaic power systems optimization 
research status: A review of criteria, constrains, models, techniques, and 
software tools. Applied Sciences 8(10): 1761.

15. Zahraee S, Assadi MK, Saidur R (2016) Application of artificial 
intelligence methods for hybrid energy system optimization. Renewable 
and Sustainable Energy Reviews 66: 617-630.

16. Eslami M, Nahani P (2021) How policies affect the cost-effectiveness of 
residential renewable energy in Iran: A techno-economic analysis for 
optimization. Utilities Policy 72: 101254.

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article

     Open Access Journal of Biosensors  
& Renewable sources

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

http://dx.doi.org/10.32474/JBRS.2022.02.000127
https://www.sciencedirect.com/science/article/abs/pii/S096014812201000X
https://www.sciencedirect.com/science/article/abs/pii/S096014812201000X
https://www.sciencedirect.com/science/article/abs/pii/S096014812201000X
https://www.nature.com/articles/nchem.2085
https://www.nature.com/articles/nchem.2085
https://www.sciencedirect.com/science/article/abs/pii/S0960148119301843
https://www.sciencedirect.com/science/article/abs/pii/S0960148119301843
https://www.sciencedirect.com/science/article/abs/pii/S0960148119301843
https://www.sciencedirect.com/science/article/abs/pii/S096014811831173X
https://www.sciencedirect.com/science/article/abs/pii/S096014811831173X
https://www.sciencedirect.com/science/article/abs/pii/S0306261916305438
https://www.sciencedirect.com/science/article/abs/pii/S0306261916305438
https://www.sciencedirect.com/science/article/abs/pii/S0306261916305438
https://www.sciencedirect.com/science/article/abs/pii/S2213138822003903
https://www.sciencedirect.com/science/article/abs/pii/S2213138822003903
https://www.sciencedirect.com/science/article/abs/pii/S2213138822003903
https://www.sciencedirect.com/science/article/abs/pii/S0306261916306043
https://www.sciencedirect.com/science/article/abs/pii/S0306261916306043
https://www.sciencedirect.com/science/article/abs/pii/S0306261916306043
https://www.sciencedirect.com/science/article/abs/pii/S0306261916306043
https://www.sciencedirect.com/science/article/abs/pii/S0196890416303776
https://www.sciencedirect.com/science/article/abs/pii/S0196890416303776
https://www.sciencedirect.com/science/article/abs/pii/S0196890416303776
https://link.springer.com/article/10.1007/s11269-022-03138-9
https://link.springer.com/article/10.1007/s11269-022-03138-9
https://link.springer.com/article/10.1007/s11269-022-03138-9
https://www.sciencedirect.com/science/article/abs/pii/S0196890414003847
https://www.sciencedirect.com/science/article/abs/pii/S0196890414003847
https://www.sciencedirect.com/science/article/abs/pii/S0196890414003847
https://www.sciencedirect.com/science/article/abs/pii/S0196890414003847
https://www.sciencedirect.com/science/article/abs/pii/S030626192030725X
https://www.sciencedirect.com/science/article/abs/pii/S030626192030725X
https://www.sciencedirect.com/science/article/abs/pii/S030626192030725X
https://www.sciencedirect.com/science/article/abs/pii/S0960148112002078
https://www.sciencedirect.com/science/article/abs/pii/S0960148112002078
https://www.sciencedirect.com/science/article/abs/pii/S0960148112002078
https://www.mdpi.com/2076-3417/8/10/1761
https://www.mdpi.com/2076-3417/8/10/1761
https://www.mdpi.com/2076-3417/8/10/1761
https://www.sciencedirect.com/science/article/abs/pii/S1364032116304609
https://www.sciencedirect.com/science/article/abs/pii/S1364032116304609
https://www.sciencedirect.com/science/article/abs/pii/S1364032116304609
https://www.sciencedirect.com/science/article/abs/pii/S0957178721000886
https://www.sciencedirect.com/science/article/abs/pii/S0957178721000886
https://www.sciencedirect.com/science/article/abs/pii/S0957178721000886
https://lupinepublishers.com/biosensors-renewable-sources/

	Abstract

