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 Solar power is a renewable energy technology that turns sunlight into 

electricity using solar panels. The generated electricity can be stored or 

utilized immediately, returned to the grid, or combined with a renewable 

electricity source or several renewable technologies solar energy systems are 

a supply that is both dependable and environmentally friendly of energy that 

may be used for a range of applications, including commercial, industry, 

farming, and livestock needs. The system requires practically no maintenance, 

making it perfect for isolated locations. The near-zero operating costs 

outweigh the initial hefty installation costs. When evaluated at an ambient 

temperature of 25 °C, a typical photovoltaic (PV) module outputs power with 

a maximum output voltage of roughly 17 V. However, on a very warm day, it 

can drop to around 15 V, and on a very freezing day, it can drop to around  

15 V, it can soar to 18 V. 
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1. INTRODUCTION 

Every year, the sun emits 3.81024 joules of photonic radiation is the emission of energy. via the Earth's 

atmosphere. This corresponds to around 10,000 times our current annual energy use [1], [2]. The amount of 

solar energy received at a place is determined by its location, time of day, and weather. Understanding a site's 

solar resource is critical because it determines the photovoltaic (PV) array's needed capacity [3]. The power 

generated by sunshine is measured in watts per square meter and is known as "irradiance" Figure 1. depicts the 

average irradiance over the world as a solar resource map. The insolation is a single measurement that most 

succinctly, but not totally, describes a location's solar resource [4]. This is not to be confused with the term 

"insulation." The energy provided by sunshine per unit area over time is known as insolation [5]. Kwh of 

electricity hours per sq.m per day (kWh/m2) or kWh/m2 per year (kWh/m2). are standard units of measurement. 

When averaged over a year, insolation varies substantially, ranging from 3.5 to 6.0 kWh/m2/day [6]. The 

difference in insolation from month to month might be significant. This is particularly obvious in areas with long 

rainy seasons or those that are far from the equator [7]. 

 

 

2. CONFIGURATION OF A TYPICAL OFF-GRID PV POWER SYSTEM 

Off-grid PV energy packages can varied in diameter from a single component, trickle charger system 

for powering grid current PV cells with hundreds of kW, a huge an inverter, and a battery bank (or inverters)for 

delivering ac power to the load can be found in a modest home to a big organization with hundreds of kW of 

PV modules, a large battery bank, and an amplifier for delivering ac power to the load. A hydrocarbon or 
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biofuels generation may be included in larger systems [8]. The construction of Pv plant mixed power systems 

is covered in a second guidelines titled development of Pv plant hybrid power grids.The configuration of a 

system that only produces direct current (DC) power [9] as shown in Figure 2. These systems are commonly 

seen in rural dwellings and village meeting houses, where DC electricity is used to power lights and tiny DC 

or ac equipment, each of which is powered by its own dedicated converter that runs on DC power. Solar 

installations typically range from 100 to 1000 watts per square meter, while smaller or larger installations are 

feasible. 12 V, 24 V, and 48 V DC voltage are commonly used to power loads. A residential solar system (RSS) 

is a type of installation that is widely used to power up remote beach towns [10], [11]. 

 

 

 
 

Figure 1. A map of the world's solar resources, showing average irradiance 
 

 

 
 

Figure 2. Only DC loads are powered by this arrangement 

 

 

3. COMPONENTS OF PV SOLAR SYSTEMS 

Based on the system type, site location, and purposes, individual aspects of a solar Power system 

should be selected. A solar PV system's fundamental parts are the solar controller, renewable energy inverter, 

storage battery, extra power sources, and loads. Sunlight is converted into DC power by a solar panel. A solar 

regulators controls the current and voltage sent to the storage by the PV array limiting overspending & 

increasing batteries life. A solar power inverter is a device that converts the Converting the Output waveform 

to a stable AC current from solar farms It can be used in air conditioners or transferred to the power grid A 

battery is a type of energy storage device that stores energy to be utilized to power electrical devices when it 

is needed. Lights are referred to as a load. and other electronic equipment coupled to a solar PV system, radios, 

televisions, laptops, and refrigerators. Diesel generators or other renewable energy sources can be used as 

auxiliary energy sources. 

 

 

4. SIZING A PHOTOVOLTAIC (PV) SYSTEM 

Determine the amount of energy required. Calculating the overall energy requirements of all 

applications is the first stage in installing a solar PV system that the solar PV system must power. Calculate 

the total number of watt-hours by each equipment every day. To determine the total Watt-hours per day that 

can be provided to the products, add the Watt-hours required for all equipment collectively [12]. Estimate how 

several total Watt-hours the solar system produces every day. panels must generate [13]. To get the electricity 

Is produced per day that the panels must provide, divide the total equipment Watt-hours per day by 1.2 [14]. 
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5. SIZING OF SOLAR POWER INVERTERS 

In systems that require AC power output, An converter for solar electricity is utilized [15]. The 

renewable power inverter's input capacity must always be more than the hardware's total energy a nominal voltage 

of the solar power inverter and the battery must be the same [16]. The solar power inverter for stand-alone systems 

must be capable of handling the whole quantity of Watts you will be using at any given moment [17]. 

 

 

6. SIZING OF PV SOLAR SYSTEM BATTERIES 

Deep cycle batteries are the sort of battery that is used for long periods of time. It is recommended for 

use in photovoltaic solar systems [18]. A long period of time After being discharged, batteries are designed to 

be swiftly recharged. Dropped to a lower energy state, or cycle charged and depleted for years at a time. The 

charger must have enough capacity to store enough energy for the appliances to work overtime and on overcast 

days [19]. 

 

 

7. SIZING OF SOLAR REGULATORS 

The amperage and voltage of a solar regulator are commonly specified [20]. Select a solar regulator 

that matches evaluate the voltages of your PV array and storage, then choose the best option. Model is 

appropriate for your needs. Make that the solar regulator is enough to handle the electricity produced by the 

PV array [21]. The PV panel configuration, as well as the overall PV input current sent to the controller, define 

the controller size for a series charge controller (series or parallel configuration) [22]. 

 

 

8. CHARGE CONTROLLERS WITH MAXIMUM POWER POINT TRACKING 

In controllers, the method of collecting the maximum power output from a photovoltaic module under 

certain conditions [23]. The level at which a Solar panel can create so much electricity is known as its mpp (or 

peak power voltage) [24]. Sun irradiation, weather conditions, and solar energy temperature all influence 

maximum power. When evaluated at a module temperature of 25 °C, a typical PV module produces electricity 

with a max power voltage of roughly 17 V; but, on a very hot day, it can drop to just over 15 V, and on a very 

cold day, it can fly to 18 V [25]. 
 
 

9. SOLAR POWER SYSTEM CALCULATIONS 

Solar panels: We performed the required electrical calculations for the solar panels and it was as 

follows: 
 

9.1.  Power consumption demands 

The load demand is taken to be 1000W. 

a. Total watt-hours per day = power * no.of hours / day 

= 1000 × 24  

= 24000 wh 
 

b. Required watt-hours each day from PV modules = total watt - hours * 1.2 

= 24000 × 24 

= 28800wh / day  
 

c. Total wp of PV panel capacity =
𝑤𝑎𝑡𝑡−ℎ𝑜𝑢𝑟𝑠/𝑑𝑎𝑦

𝑝𝑣 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
 

= 
28800

5.0
 

= 5760 wp 
  

d. No. of panel = 
𝑡𝑜𝑡𝑎𝑙 𝑤𝑝

𝑤𝑝 𝑜𝑓 𝑝𝑎𝑛𝑒𝑙
 

 

= 
5760

175
  = 32.9  

 

The total number of panels is therefore 33. 
 

Total module wattage = no. of panels * panel wp 

= 33 × 175 = 5775 𝑤𝑝  
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Maximum system current = Impp * no. of module parallel strings  

Where Impp is the maximum panel current  

= 4.89 × 33 = 161.37 𝐴  

 

9.2.  Inverter sizing 

Total energy is multiplied by 1.25 to determine the size of the inverters. For self-contained systems, 

the inverter must be 25% to 30% larger than the total wattage of the equipment.  

 

𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 = 1000 ∗ 1.25 = 1250 𝑤  

 

9.3.  Battery sizing 

In calculations, we estimated that the load would consume electricity for 24 hours. 

Load: 1000 w  

Hours: 24 hrs  

Total watt - hours per day = 1000 ∗ 24 = 24000 𝑤 ℎ/day  

Bttery power losses are estimated to be 10%. 

The discharge depths: 50% 

Rechargeable bank derating for air conditions 

Choosing deep cycle devices to fulfill ampere-hour potential: To get 24 V, join different 12 V batteries 

in series. When batteries are interconnected, their Ampere-hour capacity does not augment; it is simply 

additive. Using 12V, 210Ah rechargeable lithium batteries 

 

𝑛𝑜 𝑜𝑓 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 =  
𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑏𝑎𝑛𝑘 𝐴ℎ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝐴ℎ
  

=
6666.7

210
 =31.7=32 strings 

 

No. of batteries in bank = no.of series string*batteries per string  

=32*2 =64 batteries  

 

9.4.  Solar regulator sizing 

Solar panel specification: 

Power (Pm)   =175 Wp 

voltage (Vmpp)   =35.8 V 

current (Impp)   =4.89 A 

voltage in an open circuit (Voc) = 44.4 V 

current with a short circuit (Isc) = 5.30 A 

nominal voltage of the charger = 24 V  

 

Vpmsystem = Vpmmodule * no. of module in series  

= 35.8*1=35.8 V 

 

Vocsystem =Vocmodule * no. of modules in series 

= 44.4*1=44.4 V 

 

The recharge controller's value of current will have to manage determines the size of the charge 

controller.  

 

P = v*I 

 

The total amount of power generated by the modules is 5775 W, the bank of batteries is 24 V  

 

I = 
𝑝𝑜𝑤𝑒𝑟

𝑣𝑜𝑙𝑡𝑠
  = 

5775

24
 = 240.625 A 

 

A 25% premium is applied to the value to account for unusual circumstances that may cause it is possible for 

a solar panel arrangement to produce more energy than it is rated for. 
 

Itot = 240.625 A + 25% 

= 300.78ª 
 

In this situation, 80 chars, the current is significantly greater than the charge controllers can manage. 
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No of charge controllers =
𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒓𝒓𝒆𝒏𝒕

𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒄𝒖𝒓𝒆𝒆𝒏𝒕\𝒄𝒐𝒏𝒕𝒓𝒐𝒍𝒍𝒆𝒓 
 

 

=  
𝟑𝟎𝟎.𝟕𝟖

𝟖𝟎
 = 3.7  

 

The chargers requested are 4 if the value above is rounded off.  

 

 

10. THE SIMULATION OF MAXIMUM POWER POINT TRACKING 

When it comes to maximizing power extraction from PV sources, there are usually two basic ways. 

The solar panel's mechanical tracking is the initial step. On this scenario, the panel is positioned in any terrain 

at a ninety-degree angle to the path of the incoming sun ray. The MATLAB/Simulink/Simpower PV simulation 

system Figure 3 depicts this. Simulation resulted of PV panel characteristics shown in Figure 4. 

 

 

 
 

Figure 3. The PV and MATLAB/Simulink/Simpower PV simulation system 

 

 

 
 

Figure 4. Simulation resulted of PV panel characteristics 
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Figure 5 shows at varying irradiance conditions, solar arrays' voltage-current (V-I) and wattage (V-P) 

characteristics as a function of irradiance Because the current created by the light is proportional to the amount 

of light generated, created by the flow of photons, the PV cell produces larger output currents under higher 

irradiance, as shown in Figure 5. As irradiation drops, the max power point (MPP) lowers, as seen on each  

(V-P) curves in the chart Figure 6. We note through the figures the relationships between voltage and time as 

in Figure 7 and the relationship between current and time as in Figure 8 and the relationship between power 

and time as in Figure 9 

 

 

  
  

Figure 5. Current solar panels' properties at varying 

irradiation levels 

Figure 6. Power solar panels' properties at varying 

irradiation levels 
 
 

 
 

Figure 7. Voltage and time are related 
 

 

 
 

Figure 8. Relation between current and time 
 
 

 
 

Figure 9. Relation between power and time 
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11. CONCLUSION 

Based on the different calculations, we can conclude that we can choose an integrated solar energy 

system with minimal losses and optimal use so that the batteries last as long as possible. The system can also 

be developed by adding a hybrid inverter and lithium batteries because its life span is longer and solar panels. 

 

 

REFERENCES 
[1] V. Karthikeyan, S. Rajasekar, V. Das, P. Karuppanan, and A. K. Singh, "Grid-connected and off-grid solar photovoltaic system," 

Smart Energy Grid Design for Island Countries, 2017, pp. 125-157, doi: 10.1007/978-3-319-50197-0_5. 

[2] Debajit Palit, “Solar energy programs for rural electrification: Experiences and lessons from South Asia,” Energy for Sustainable 

Development, vol. 17, no. 3, pp. 270-279, 2013, doi: 10.1016/j.esd.2013.01.002. 
[3] A. Ghafoor and A. Munir, “Design and economics analysis of an off-grid PV system for household electrification,” Renewable and 

Sustainable Energy Reviews, vol. 42pp. 496-502, February 2015, doi: 10.1016/j.rser.2014.10.012. 

[4] H. Rezzouk and A. Mellit, “Feasibility study and sensitivity analysis of a stand-alone photovoltaic–diesel–battery hybrid energy 
system in the north of Algeria,” Renewable and Sustainable Energy Reviews, vol. 43, pp. 1134-1150, March 2015, doi: 

10.1016/j.rser.2014.11.103. 

[5] S. M. Shaahid and I. El-Amin, “Techno-economic evaluation of off-grid hybrid photovoltaic–diesel–battery power systems for rural 
electrification in Saudi Arabia—A way forward for sustainable development,” Renewable and sustainable energy reviews, vol. 13, 

no. 3, pp. 625-633, 2009, doi: 10.1016/j.rser.2007.11.017. 

[6] G. Notton, V. Lazarov, and L. Stoyanov, “Optimal sizing of a gridconnected PV system for various PV module technologies and 
inclinations, inverter efficiency characteristics and locations,” Renewable Energy, vol. 35, no. 2, February 2010, pp. 541-554, doi: 

10.1016/j.renene.2009.07.013. 

[7] P. Pal and V. Mukherjee, “Off-grid solar photovoltaic/hydrogen fuel cell system for renewable energy generation: An investigation 
based on techno-economic feasibility assessment for the application of end-user load demand in North-East India,” Renewable and 

Sustainable Energy Reviews, vol. 149, p. 111421, 2021, doi: 10.1016/j.rser.2021.111421. 

[8] I. Yahyaoui, S. Sallem, M. B. A. Kamoun, and F. Tadeo, “A proposal for off-grid photovoltaic systems with non-controllable loads 
using fuzzy logic,” Energy conversion and management, vol. 78, pp. 835-842, 2014, doi: 10.1016/j.enconman.2013.07.091. 

[9] H. Louie and P. Dauenhauer, “Effects of load estimation error on small-scale off-grid photovoltaic system design, cost and 

reliability,” Energy for Sustainable Development, vol. 34, pp. 30-43, 2016, doi: 10.1016/j.esd.2016.08.002. 
[10]  M. H. Ali, “Design and Implementation of an Electrical Lift Controlled using PLC,” International Journal of Electrical and 

Computer Engineering, vol. 8, no. 4, 2018, doi: doi: 10.11591/ijece.v8i4.pp1947-1953. 

[11] R. Piyare and M. Tazil, “Bluetooth based home automation system using cell phone,” 2011 IEEE 15th International Symposium on 
Consumer Electronics (ISCE), 2011, pp. 192-195, doi: 10.1109/ISCE.2011.5973811. 

[12] D. A. R. Wati and D. Abadianto, "Design of face detection and recognition system for smart home security application," 2017 2nd 

International conferences on Information Technology, Information Systems and Electrical Engineering (ICITISEE), 2017, pp. 342-
347, doi: 10.1109/ICITISEE.2017.8285524. 

[13] K. R. S. Manoharan, S. Chong, and K. Wee, “A Solution for Android Device Misplacement through Bluetooth-enabled 

Technology,” International Journal of Intelligent Systems and Applications, vol. 11, pp. 26-32, 2015, doi: 10.5815/ijisa.2015.11.04. 
[14] L. Zhang, L. Xu, and L. Rai, “High-precision Ultrasonic Flowmeter for Mining Applications based on Velocity-area,” 

Telecommunication Computing Electronics and Control, vol. 16, no. 1, pp. 84-93, 2018, doi: 

10.12928/TELKOMNIKA.v16i1.5185. 
[15] N. K. Ali, M. Y. Abdulateef, and M. H. Ali, “Design a multi-motion bed to help the Elderly people and sick,” Indonesian Journal 

of Electrical Engineering and Computer Science, vol. 24, no. 2, pp. 789-793, 2021, doi: 10.11591/ijeecs.v24.i2.pp789-793. 

[16] K. S. Tee et al., "A portable insole pressure mapping system,” Telecommunication Computing Electronics and Control, vol. 15, no. 
4, pp. 1493-1500, 2017, doi: 10.12928/TELKOMNIKA.v15i4.7227. 

[17] C. D. Pascali et al., “Modeling, Fabrication and Integration of Wearable Smart Sensors in a Monitoring Platform for Diabetic 

Patients,” Sensors, vol. 21, no. 5, p. 1847, 2021, doi: 10.3390/s21051847. 
[18] S. A. Chowdhury, S. Aziz, S. Groh, H. Kirchhoff, and W. L. Filho, “Off-grid rural area electrification through solar-diesel hybrid 

minigrids in Bangladesh: resource-efficient design principles in practice,” Journal of cleaner production, vol. 95, pp. 194-202, 
2015, doi: 10.1016/j.jclepro.2015.02.062. 

[19] B. Bhandari, Kyung-Tae Lee, C. S. Lee, Chul-Ki Song, R. K. Maskey, Sung-Hoon Ahn, “A novel off-grid hybrid power system 

comprised of solar photovoltaic, wind, and hydro energy sources,” Applied Energy, vol. 133, pp. 236-242, 2014, doi: 
10.1016/j.apenergy.2014.07.033. 

[20] A. S. Kaittan, S. M. Hameed, N. K. Ali, and M. H. Ali, “Smart management system for monitoring and control of infant baby bed,” 

International Journal of Electrical and Computer Engineering, vol. 10, no. 5, pp. 5025, 2020, doi: 10.11591/ijece.v10i5.pp5025-
5031. 

[21] A. N. Abdullah and M. H. Ali, “Direct torque control of IM using PID controller,” International Journal of Electric al & Computer 

Engineering, vol. 10, no 1, pp. 617-625, 2020, doi: 10.11591/ijece.v10i1.pp617-625. 
[22] Q. Hassan, “Evaluation and optimization of off-grid and on-grid photovoltaic power system for typical household electrification,” 

Renewable Energy, vol. 164, 2021, pp. 375-390, doi: 10.1016/j.renene.2020.09.008. 

[23] R. Sen and S. C. Bhattacharyya, “Off-grid electricity generation with renewable energy technologies in India: An application of 
HOMER,” Renewable Energy, vol. 62, 2014, pp. 388-398, doi: 10.1016/j.renene.2013.07.028. 

[24] S. Mandelli, C. Brivio, E. Colombo, and M. Merlo, “Effect of load profile uncertainty on the optimum sizing of off-grid PV systems 

for rural electrification,” Sustainable Energy Technologies and Assessments, vol. 18, pp. 34-47, 2016, doi: 
10.1016/j.seta.2016.09.010. 

[25] S. M. Hameed, H. K. AL-Qaysi, A. S. Kaittan, and M. H. Ali, “Evaluation of electrical load estimation in Diyala governorate 

(Baaquba city) based on fuzzy inference system,” International Journal of Electrical and Computer Engineering, vol. 11, no. 5, 
2021, pp. 3757-3762, doi: 10.11591/ijece.v11i5.pp3757-3762. 

 

 

 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Estimation of loads for off-grid solar photovoltaic systems (Mustafa Yaseen Abdulateef) 

925 

BIOGRAPHIES OF AUTHORS 

 

 

Mustafa Yaseen Abdulateef     got his B.Sc. from the University of Diyala, Iraq 

in 2008, and his MSc from Russia. He can be contacted at email: mohnisnooabd@gmail.com. 

  

 

Mohammed Hasan Ali     was born in 1980. In 2006, he received his B.Sc. from 

the University of Diyala, and in 2013, he received his M. Sc. from the University of Belgorod, 

He can be contacted at email: mohammedhasanali@uodiyala.edu.iq. 

  

 

Maher Alwan Hussen     obtained his B.Sc. from the University of Baghdad in 

Iraq, and in 2015, he received his MSc from Gankaya University. He can be contacted at 

email: moh80mmed@gmail.com. 

 

https://orcid.org/0000-0002-7501-7435
https://scholar.google.com/citations?hl=en&user=ng4JcyUAAAAJ&view_op=list_works&gmla=AJsN-F7_9HQMrjqXGysYyyMOftNaMzDqhcfak1CN8jsN3vO0I5KAy0v3lLiC3bM0khoinnc4qAaync_Ypo2g98qRfFl_usoMR2vK0xL7utRkp-gdXZYRUPA
https://publons.com/researcher/5116709/mustafa-abdulateef/
https://orcid.org/0000-0002-6696-393X
https://scholar.google.com/citations?user=D8zyEF0AAAAJ&hl=en&authuser=2&scioq=Tee,+Kian+Sek,+et+al.+%22A+portable+insole+pressure+mapping+system.%22+Telkomnika+15.4+(2017):+1493-1500.).
https://www.scopus.com/authid/detail.uri?authorId=57202850494
https://publons.com/researcher/F-1114-2019/
https://orcid.org/0000-0003-0236-8899
https://scholar.google.com/citations?hl=en&user=iSygOCgAAAAJ&view_op=list_works&gmla=AJsN-F5YRiYCz8c6zLD__hqSj2MYXtHVkEQCA6vjCn7-9bvjAztd41xUnHbOlKy1pU0UYDrO8oJ6W6pkuhPRWV3BXC5oZh8PX4n0A7tOL184JIXam59yhjvDOwith5YtHeqf16VSssd0EnKOw4OqxaqQ939Cg5WboQ
https://publons.com/researcher/5116681/maher-hussen/

