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Abstract: In this paper, the incident solar radiation on horizontal and tilting surfaces was 

measured for a year using a pyranometer on the roof of Tanta University's Faculty of Science in 

Tanta city which is located at Latitude (30° 41`). The average daily global hourly solar radiation 

values on horizontal surfaces (H) and the global hourly solar radiation values on inclined sur-

faces (Ht) had been measured in the south direction of the sun for the meteorological variables. 

Miguel et al. correlation was used to determine hourly values of the beam and diffuse compo-

nents of solar radiation (SR) from global solar irradiance. In order to attain the best solar mod-

ule performance throughout the year, the solar energy devices must be tilted south with a tilting 

angle equal to Tanta city's latitude. The maximum value of Ht was 1174.15 Wm
-2

 in April and the 

minimum value of Ht was 816.11Wm
-2

 in October. The performance of 100 W solar silicon pho-

tovoltaic (PV) module in outdoor conditions can be studied by depending on the incident values 

of H and Ht. The obtained results showed that the efficiencies of the 100 W solar PV module in 

winter, spring, summer and autumn were 4.29, 3.78, 7.56 and 4.58 %, respectively. The maxi-

mum power point (Pmax) was calculated in July and its value was 45.98 W at solar noon and the 

minimum power point (Pmin) was calculated in October with a value equal to 18.56 W at solar 

noon. Also, the short circuit current (Isc), the open-circuit voltage (Voc), the series resistance 

(Rs), the shunt resistance (Rsh), and other electrical properties help to identify the performance of 

the solar PV module had been measured. The calculated optimum load resistance (RLmp) was 

3.42, 3.88, 3.39, and 4.82 Ω, in winter, spring, summer and autumn, respectively. Also, a simula-

tion of three cases of solar photovoltaic systems to generate the electric power for applying the 

domestic utilization of these systems had been determined. This simulation depends on an appli-

cation called SolarCT to calculate the requirements of the photovoltaic systems in El-Gharbia 

province had been used.  

Keywords 
Silicon PV module, I-V characteristics, Power calculations, Optimum load, Simulation. 

Paper information:  

Receive Date: 23 October 2021; Revise Date: 22 November 2021; Accept Date: 25 November 

2021; Publish Date: 29 November 2021. 

*Corresponding Author: ali.ibrahim1@science.tanta.edu.eg 

mailto:ali.ibrahim1@science.tanta.edu.eg


M.R.I. Ramadan                                                                                                 193 

Introduction 

Life on the earth almost totally depends on the regular input of energy that is supplied by solar 

radiation [1, 2]. Solar radiation may be converted to other forms of energy by several conversion 

processes [3, 4]. Thermal conversion relies on the absorption of solar energy to heat a cold sur-

face [5, 6]. Photovoltaic conversion generates electrical power by the generation of electrical 

current as a result of a quantum mechanical process [7, 8]. Wind power and ocean energy con-

version rely on atmospheric pressure gradients and oceanic temperature gradients to generate 

electrical power [9, 10]. Solar radiation is produced as a result of a nuclear fusion process in the 

sun and the produced energy is called Solar Energy [11, 12]. Since ancient times, humans use 

solar energy in a range of ever-evolving technologies so, it becomes the most abundant alterna-

tive energy source in the world [13]. 

In 1839, Henri Becquerel made his first study on the Photovoltaic effect and its uses. He found 

that solar radiation can be converted to electricity based on the Photovoltaic effect. When two 

electrodes connected with a solid or liquid system, an electrical voltage emerged upon shining 

light onto this system. This process is defined as the Photovoltaic effect [14, 15]. Some types of 

semiconductor materials can absorb a wide part of the solar radiation so; the Photovoltaic devic-

es incorporate the P-n junction [40]. The electron-hole pairs which generate solar radiation are 

absorbed and reach the junction if their recommendation is prevented and they separated by an 

electric field [16]. The process of converting solar radiation to electricity is a very important ap-

plication for solar energy so, it is called according to its effect on semiconductor materials. It is 

named Photovoltaic (abbreviated PV) [17]. 

PV systems are consisting of one or more PV panels, a battery storage unit, and DC/AC convert-

er which is also called an inverter. Some PV systems may be small for a single user or to an iso-

lated lamp or a weather device [18]. The generated electrical power can be stored, or connected 

to the electricity grid, or used directly in domestic applicants [19]. Two main types of solar PV 

systems are Standalone PV systems and grid-connected PV systems [19]. Standalone PV systems 

deliver power started from milliwatts to several kilowatts. Nowadays there are a lot of applica-

tions that depend on Standalone PV systems such as solar watches, solar calculators, systems of 

traffic controls, and more applications [20]. There is a type of PV system which connected to the 

general electricity grid with suitable PV inverters called grid-connected PV systems [21]. 

Analysis of single diode model of PV characteristics has been reported by “D. Revati and E. Na-

tarajan [22].” The simulation and performance analysis of PV (I-V and P-V characteristics) was 

obtained by three different methods, such as Mathematical Modelling, Simscape Modelling, and 

Matlab coding by varying different solar radiation and temperature values depending on. From 

the simulation results, all three methods yield almost the same output [22].  

Different PV types (mono-crystalline, polycrystalline) were tested under different shading rates 

by “Mahammed et al. [23].” The obtained IV characteristics had been treated by using Bishop 

Model which provides an accurate power losses prediction caused by different shading effects. 

The measured and estimated I-V characteristic plots illustrated a good agreement [23]. In this 
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work, we had calculated (RLmp) for a 100W solar module in Tanta University. Then applying the 

obtained data to simulate the possibility of utilizing this data in a nearby community. 

1. Experimental 

The Eppley-Precision spectral Pyranometer had used to measure the solar radiation (SR) to count 

it. We used a SR meter depending on the particular sensitivity by watt per square meter unit [39]. 

The silicon PV module contains 36 series-connected solar cells and each cell has an area of 0.66 

m
2
. The current and the voltage of the solar modules were measured using digital Multimeter 

DT9205A, Multimeter Fluke73 and Multimeter DT92205N. The variable load resistance is about 

11.316 KΩ, which is divided into three resistances R1, R2 and R3. R1 and R2 are Nickel 

Chrome Wire. R1 is 29Ω with a diameter of 0.11cm and 17m in length. R2 is 177 Ω with a di-

ameter of 0.08 cm and 50m length. R3 is 11.1 KΩ, H.TINSLEY&CO.LTD. LONDON S.E.25, 

Type (5274-4D) [5]. 

2. Results 

1. Analysis of Solar Radiation Measurements.  

Hourly SR on the inclined surface had been studied in face South direction for defining 100W 

silicon PV module properties in air conditions around a whole year from January to December. 

The study did 4 times daily for 3 days monthly around the whole year. We chose one month for 

each season which are January, April, July and October. Figure (1) (a-d) shows the difference 

between Ht and H for month in each season around a year. 

It is observed that, in Fig.1 (a) for January there was a difference between Ht and H. In the first 

run, which occurred in the period from 8 AM to 10:30 AM the obtained values of solar radiation 

H & Ht were identical especially during the period from 8 AM to 9 AM After that a change had 

occurred in values. The Ht values were higher than H values. In the second run, which started 

from 11 AM to 1:30 PM a big difference between the obtained values of the SR components. In 

the third run, which started from 2 PM to 3:40 PM, Ht values were higher than that of H with 

many values where in pre-end of the run the difference of values was small. In the last run of the 

day which started from 4 PM till the sunset at 5:10 PM the difference between H and Ht was 

small. The explanation of that day results, when the sky is cloudy, the diffuse beam component 

will be increased which leads to increasing the values of Ht and making a difference in the values 

of H [24]. 

 In April as shown in Fig.1 (b),  in the first run, which started from 8 AM to 10:30 AM. At 8 AM 

H & Ht were identical but from 9 AM till the end of that run, a little difference occurred between 

them. In the second run, which started from 11 AM to 1:30 PM the difference which started in 

first run still occurred. It’s noticed that there was no difference between H & Ht in third run and 

fourth
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run, which occurred from 2 PM to 3:40 PM. And from 4 PM to 6:30 PM because of the cleanli-

ness of the sky from any clouds.  

In July as in Fig.1 (c),  the difference between Ht and H was very small. At the same time, it was 

noticed that the values of H were higher than the values of Ht. This phenomenon occurred in 

summer season only because the sky is clean from any clouds and the direct beam component 

has been increased which increases the values of H and it makes a difference in values of Ht [25]. 

In October as in Fig.1 (d), it was observed that the first, third and fourth Runs were identical in 

values of solar radiation components. A significant difference occurred in Run 2 only since, the 

Ht value was higher than the H value (Ht > H). As shown from Fig. (1)  (a-d) we could conclude  

that the maximum value of  Ht had been obtained as 1174.15 Wm
-2

 in April and in October, the 

minimum value of  Ht had determined as 816.11 Wm
-2

. The effective ratio of solar energy (Rt) is 

the percentage of incident solar energy on a tilted surface to that on a horizontal surface [3] [5]. 

At solar noon, it was found that the percentage of (Rt) in winter, spring, summer and autumn was 

1.405, 1.051, 0.958, and 1.183, respectively. 

  

  

Figure (1): Ht and H with time of the day in, (a) Winter, (b) Spring, (c) Summer and (d) Au-

tumn. 

 

2. Analysis of Outdoor Measurements for a silicon PV solar module 
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2.1 Current-Voltage Characteristics. 

During this section we obtained the electrical properties of the 100 W silicon PV module around 

a year. The PV modules are affected by the seasonal temperature variations and spectral irradi-

ance. Isc and Voc are used to analyze the modules output for a year. From figure (2) (a) it has been 

found that Isc values increase in Summer and Spring and decrease in Winter and Autumn. It has 

been seen that

Isc values increase slightly with increasing temperature and decrease with decreasing temperature 

which is season-dependent [40]. In figure (2) (b) it has been seen that Voc values decrease in 

Summer and Spring and increase in Winter and Autumn, it is evident that Voc values decrease 

with increasing temperature and increase with decreasing temperature [26]. 

  

Figure (2): (a) Short circuit current of 100W silicon PV module for one year, (b) Open circuit 

voltage of 100W silicon PV module for one year. 
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Figure (3): I-V characteristic curves of silicon PV module of a day in (a) Winter, (b) Spring, 

(c) Summer and (d) Autumn. 
 

The measurements of IV characteristics are affected by the weather conditions and the variations 

of the temperature. So, it was important to record the changes in I and V in each day for each 

month in all seasons around a year and draw the characteristic curves for each season as shown 

in Figure 3 (a-d). By using the I-V characteristic curves and equations (1) and (2) the Rs and Rsh 

for PV module had been calculated as listed in Table (1):  

  

  
  [           ]    

 

  
                                                       (1) 

  

  
  [           ]    

 

   
                                                     (2) 

Table (1): Values of Rs, Rsh around the year. 

Month No of Run Rs (Ω) Rsh (Ω) 

January Run 1 2.579 38.912 

Run 2 0.510 5.692 

Run 3 0.459 4.218 

Run 4 0.505 6.077 

April Run 1 0.312 4.435 

Run 2 0.433 3.831 

Run 3 0.47 2.948 

Run 4 0.483 40.40 

July Run 1 0.315 3.977 

Run 2 0.332 5.593 

Run 3 0.369 3.405 

Run 4 0.434 26.401 

October Run 1 0.462 7.578 

Run 2 0.302 8.763 

Run 3 0.295 4.516 

Run 4 0.526 7.271 
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2.2 Power – Voltage Characteristics. 
The electrical parameters of silicon PV module are very important to evaluate the performance of 

solar silicon PV module.one of these parameters is Power-Voltage characteristic, which depends 

on IV measurements for solar silicon PV module. Figure (4) (a-d) illustrates the PV characteris-

tic curves of 100W solar silicon PV module for one-year. From Figure (4) (a) it had observed 

that the first run from 8 AM to 10:30 AM the Pmax value was 4.39 W and it increased in the se-

cond run which started from 11 AM to 1:30 PM to be 20.94 W. In the third run, it had reached to 

25.95 W which started from 2 PM to 3:40 PM finally, in the last run which occurred from 4 PM 

to 5:10 PM the Pmax value was 17.54 W. 

In Spring, the Pmax value in first run was 21.064 W, in the second run it was 24.88 W, in the third 

and fourth run the Pmax value was 26.12 W and 9.77 W, respectively as noticed in Fig. (4) (b). 

In Fig. (4) (c) which represents the summer season, it was found that the Pmax value in first and 

second run was 14.55 W and 45.98 W, respectively while in the third and fourth run were19.08 

W and 14.11W, respectively. Finally, Fig. (4) (d) which represent the Autumn season the Pmax 

value in the first, second, third and fourth runs were 17.67 W, 18.56 W, 16.12 W and 14.14 W, 

respectively. From Figure (4) (a-d), it could be determined the Pmax, the maximum voltage (Vmax) 

and maximum current (Imax). And from Figure (2) (a-b), we were determined Isc and Voc  [27].So, 

the Fill Factor and The Efficiency could be calculated by depending on the following equations 

(3) and (4) [28]. 

    
           

         
                                                                                       (3) 

   
    

   
 

             

      
                                                                             (4) 

Where Pin = A * H, [38]. Table (2) shows the measured values of Imax, Vmax, Isc, Voc, H, F.F and ɳ 

at solar noon for 100W solar silicon PV module around one year.  

 

Table (2): Calculated values for silicon PV module (100W) at solar noon. 

 Imax (A) Vmax (V) Isc   (A) Voc  (V) H (W/m
-2

) F.F ɳ (%) 

Winter 1.88 11.14 2.5 19.9 737 0.42 4.29 

Spring 2.4 10.37 4 20 998 0.31 3.78 

Summer 3.46 13.29 3.8 18.2 914 0.66 7.56 

Autumn 1.49 12.46 1.6 19 618 0.61 4.58 
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The values of Pmax had been occurred in Spring and Summer 24.88 W and 45.98 W, respectively 

while the values of Pmax had been located in Winter and Autumn 20.94 W and 18.56 W, respec-

tively. For this silicon PV module, it has been found that the weather temperature and incident 

SR are very important parameters [29]. So, the better efficiencies were found in Spring and 

Summer while small efficiencies were in Autumn and Winter [30,31].  

  

 

 

Figure (4): P-V characteristic curves of silicon PV module of a day in (a) Winter, (b) 

Spring, (c) Summer and (d) Autumn. 

 

3. Load resistance calculations. 

We utilize an equation that is the most generic equation to compute the RLmp value [32,33]. 

        (
  

  
)         

   

〈(    
   
   

)      {(
            

   
)}   〉

                                (5) 

Where Io is the reverse saturation current [35,36]. By using the data which measured around year, 

we determine the thermal voltage (Vth) from the equation (6) [37, 38] 

     
      

 
                                                                                                    (6) 
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To identify Io, we need to draw a relationship between Voc and Ln (Isc) and determine Io from the 

results of the plot according to the following equations [39, 40]  

     
     

 
  {           }                                                              (7) 

        
   

 
                                                                                (8). 

            *
     

 
+                                                                       (9) 

 

Table (3): n and Io values of the monocrystalline silicon PV module. 

 Slope(Ω) n  cutting part (V) Io (A) 

January 4.7014 188.22 11.542 85 x 10
-3

 

April 2.8531 112.373 15.903 3.799 x 10
-3

 

July 2.3821 90.919 15.579 1.436 x 10
-3

 

October 3.5865 138.956 16.447 102 x 10
-4

 

 

Figure (5) illustrates the relation between Voc and Ln (Isc) and from the plots we calculated the 

slope and the cutting part, and by its values we determined n and Io as listed in the Table (3). We 

could determine (RLmp) according to equation (5) and the results of these calculations are sum-

marized in Table (4). 

 

Table (4): Calculation of RLmp (Ω  in every run around year of a monocrystalline silicon PV 

module. 
Run / Month January April July October 

Run 1 4.0124  4.1132 5.9442 6.0255 

Run 2 3.4292 3.8876 3.3993 4.8204 

Run 3 3.1159 3.2605 3.4726 3.9958 

Run 4 3.4441 4.3598 5.7206 5.8692 

 

  



M.R.I. Ramadan                                                                                                 201 
 

 
 

Figure (5): Voc & Ln (Isc) characteristic curves of silicon PV module of a day in (a) Winter, (b) 

Spring, (c) Summer and (d) Autumn. 

 

4. Standalone solar Photovoltaic systems simulation 

4.1 A Simple House 

 In this case, A solar PV non-tracking system has been simulated to generate electrical power for 

a simple house for a husband and wife. This house is located in Tanta city and consists of two 

rooms, a living room, a hall, a kitchen, and a bathroom. The load requirements for this house are 

viewed in Table (5). 

Table (5): Electrical power consumption per day for a simple house.  

Electrical load 

And Capacity (W) 

Quantity Power 

  (W) 

Hours per Day 

     (hr) 

Total consumption      

(W) 

Consumption 

(KW h) 

Lamps (12W) 10 120 5 600 0.6 

Fridge (200W) 1 200 24 4800 4.8 

Washing & Drying 

machine (800W) 

1 800 0.5 400 0.4 

Iron (800W) 1 800 0.25 200 0.2 

Laptop (40W) 1 40 6 240 0.24 

Mobile 

Charger(5W) 

2 10 3 30 0.03 

Fan (40W) 4 160 4 640 0.64 

LCD TV 42 inches 

(150 W) 

1 150 6 900 0.9 

Electrical power consumption per day 7.81 KW h 
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The solar array is mounted on the roof of the house in the South direction of the sun with tilted 

angle (30°68`) to the horizontal. The amount of power needed along the day is equal to 7810 

W/h. The system has a loss during the installation of any electrical system of its power nearly 

10% of the required power. So, the total consumption power is calculated as: - 

                                                         

         {          }           

The peak hours of sunshine in Tanta are 5 hrs and 30 minutes per a day in the Summer season 

and in the winter season the peak hours of sunshine in Tanta are 4 hrs. And the system can de-

pend on its storage 24 hrs. without charging by solar radiation. According to these conditions the 

power per hour needed is calculated 

                
                       

                
 

= 
     

    
 

= 1557.28 Wh in the summer season. 

Or 

                
                       

                
 

= 
     

 
 

= 2147.7 Wh in the winter season. 

So, the number of needed solar panels can be calculated according to:  

                        
              

                       
 

= 
     

   
      or        = 

       

   
 

= 4 panels in the summer or 5 panels in the winter. 

To calculate the number of required batteries we depend on our calculations on system voltage of 

inverter which is equal to 48 V and the depth of battery discharging percentage which is equal to 

75%.                                  

The Amp of battery is calculated as following: - 
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                           = 
         

      
 

= 238.6 Amp 

No of batteries =  
               

                
 

= 
      

   
 

= 3 Batteries 

Some of the appliances need more power from (3 to 10 times) when start running for the first 5 

or 10 seconds so we should care to this information in the calculation of the inverter size. So, the 

inverter size could be obtained from: - 

                                                         

= 2280 * 20% 

= 3283 Watt 

The controller size calculated from the following equation 

                {                       }                         

= [4 * 13.5] * 30%   or [5 * 13.5] * 30% 

= 71 Amp in the summer or 88 Amp in the winter. 

When we studied the load requirements of a house using the solar PV system side by side to the 

local electrical grid (on grid), we don't need to use the electrical batteries. The Solar PV system 

will consist of solar panels and an inverter. The user will depend on the solar system within the 

daylight hours only to apply its electrical requirements and will use the local electrical gride dur-

ing the night hours. By using the solar system its electrical bill will decrease by the time [41-44]. 

All calculations of the solar system on the last part (off gride) will use on this part without using 

the solar batteries. The cost of using the solar PV system side by side to the local electrical grid 

on grid and use 4 solar panels each panel has power 500W, an inverter and connecting wires and 

cables is 43000 LE [34]. 

4.2. The solar energy research lab 

A solar PV non-tracking system has been simulated to generate electrical power for the solar re-

search laboratory in the Physics Department, Faculty of Science, Tanta University. The load re-

quirements for this lab. are summarized in Table (6). 

 

Table (6): Electrical power consumption per day for the solar energy research Lab. 
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Electrical load 

and Capacity (W) 

Quantity Power 

(W) 

Hours per Day 

(hr) 

Total consumption (W) Consumption 

(KW h) 

Lamps (12W) 28 336 5 1680 1.68 

Router (200W) 1 200 5 1000 1 

PC (100W) 2 200 5 1000 1 

Fan (40W) 4 160 5 800 0.8 

Electrical power consumption per day 4.48 KWh 

 

The amount of power needed along the day equals to 4480 Wh. As Known that the system has a 

loss during the installation of any electrical system of its power nearly 10% of the required pow-

er. So, the total consumption power is calculated as: - 

                                                         

= 4480 + {4480 * 10%} 

= 4928 Wh 

The peak hours of sunshine in Tanta are 5 hrs. and 30 minutes at the day. And the system can 

depend on its storage 24 hours without charging by solar radiation. According to these conditions 

the power per hour which needed is calculated by: - 

                
                       

                
 

= 
     

   
 

= 896 Wh 

So, the number of needed solar panels can be calculated according to: - 

                        
              

                       
 

= 
    

   
 

= 2 solar panels. 
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To calculate the number of required batteries we depend on our calculations on system inverter 

voltage which equals 48 V and the depth of battery discharging percentage which equals 75%. 

The Amp of battery is calculated as following: -  

               
                                               

                                              
 

= 
         

      
 

= 136.9 Amp 

No of batteries =  
               

                
 

= 
       

   
 

= 2 Batteries 

Some of the appliances need more power (3 to 10 times) when start running for the 

first 5 or 10 seconds so we should care to this information in the calculation of the in-

verter size.                                                                                               

                                                         

= 896 * 20% 

= 1290 Watt 

The controller size calculated from the following equation: - 

                {                       }                         

= [2 * 13.5] * 30% 

= 36 Amp. 

 

4.3 Physics Department  

A solar PV non-tracking system has been simulated to generate electrical power for the Physics 

Department, Faculty of Science, Tanta University. The load requirements for the Physics De-

partment will contain department lighting, its corridors, faculty members' rooms, department 

administration, textbook distribution offices, and the department's bathrooms only. The require-

ments of electrical power are listed in Table (7).   

 

Table (7): Electrical power consumption per day for the physics department. 
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Electrical load 

And Capacity (W) 

Quantity Power 

(W) 

Hours per 

Day 

(hr) 

Total consumption 

(W) 

Consumption 

(KW h) 

Lamps (12W) 210 2520 5 12600 12.6 

PC (100W) 37 3700 5 18500 18.5 

Fan (40W) 45 1800 5 9000 9 

Fridge (200W) 15 3000 24 72000 72 

Electrical power consumption per day 112.1 KW h 

 

The solar array is located on the roof of the Faculty of Science, Tanta University in face south. 

The amount of power needed along the day equals 112.1 KWh. The system has a loss during the 

installation of any electrical system of its power nearly 10% of the required power. So, the total 

consumption power is calculated as:                                                 

                                                         

= 112100 + {112100 * 10%} 

= 123310 W = 123.31 KWh 

The peak hours of sunshine in Tanta are 5 hrs. and 30 minutes at the day. And the system can 

depend on its storage 24 hours without charging by solar radiation. According to these conditions 

the power per hour which needed is calculated 

                
                       

                
 

= 
       

   
 

= 22352.27 Wh 

So, the number of needed solar panels can be calculated according to:  

                        
              

                       
 

= 
        

   
                 

To calculate the number of required batteries we depend on our calculations on system 

inverter voltage which equal to 48V and the depth of battery discharging percentage 

which equal to 75%.                                                                                

The Amp of battery is calculated as following: - 
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= 
           

      
             

No of batteries =  
               

                
   

       

   
              

Some of the appliances need more power from (3 to 10 times) when start running for the first 5 

or 10 seconds so we should care to this information in the calculation of the inverter size. 

                                                         

= 11020 * 20% = 15868 W 

The controller size calculated from the following equation: - 

                {                       }                         

= [45 * 13.5] * 30% = 790 Amp. 

Conclusion: 

In this work, the global SR was measured on a horizontal plane, while radiation on tilted surfaces 

was calculated by means of empirical models. Computer programs had been prepared for calcu-

lating the value of (Ht) in the south direction of the sun for a whole one year. The maximum val-

ue of Ht in face south was in April and the minimum value was in October. The PV module effi-

ciency was strongly dependent on the seasons of the year. Also, all PV module electrical charac-

teristics were depended on time of measurement and weathering conditions. The Pmax value was 

obtained in July at solar noon while, the Pmin value was calculated in October. RLmp values for the 

solar PV module during one year in winter, spring, summer and autumn at solar noon were cal-

culated. Finally, a simulation of three cases of solar PV systems to generate the electric power 

for applying as a domestic utilization of these systems had been carried out. Since, depending on 

an application called Solar CT the requirements of the photovoltaic systems in El-Gharbia prov-

ince had been calculated. 
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