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Highlights 

 The present study presents a general mathematical model of a photoelectric collector. 

 The Simulink software was used to simulate the mathematical model of the solar cell. 

 Results, which could be used for a variety of solar photovoltaic investigations, were quite accurate, with a max-
imum error of less than 1%. 
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This research presents a general mathematical representation of a photoelectric collector, which 
could be used in solar collector research and applications. This model has the benefit of being 
based on the specifications for the photoelectric collector stated in the manufacturer's advisory. 
The Simulink software was used to simulate the mathematical model of the solar cell. The prop-
erties of the photodiode and characteristic curves were established using simulation. The results, 
which could be used for various solar photovoltaic investigations  were quite accurate  with a 
maximum error of less than 1%. The most essential characteristic of photovoltaic systems is that 
a new plant can be designed, built, and operated quickly; static systems do not have moving 
parts, so there is no noise. Due to the lack of moving parts, it can last for a long time and requires 
minimal maintenance. 
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1. Introduction 

The Energy Union's Strategic Plan aims to shift the economy 
away from fossil fuels and toward renewable energy and energy 
products (Cucchiella et al., 2017). Solar energy is the most plentiful 
and fully exploitable renewable energy source, particularly in 
southern Europe (Sansaniwal et al., 2018; Li et al., 2017; Teo et al., 
2018). Implementing circular economy techniques might result in 
a 70% reduction in carbon emissions in five European economies 
by 2030, according to a study conducted by the Club of Rome (Ja-
cobi et al., 2018). One strategy to accomplish the objectives of the 
Energy Union Framework would be to focus on both a circular 
economy and a renewable energy economy (Cucchiella et al., 2017). 

The mathematical modelling of the Photovoltaic (PV) module is 
updated regularly to help academics better grasp how it functions. 
The models are different based on the kinds of software that the 
researchers utilised, including the toolboxes they designed, Matlab, 
Excel, C-programming, and Simulink. Photovoltaic (PV) module ar-
rays are considered as energy conversion devices in photovoltaic 
systems. The photovoltaic array has non-linear properties, is ex-
pensive, and requires a considerable amount of time to obtain the 
working curves under various operating situations. A general and 
basic model of solar panels is designed to overcome these chal-
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lenges, and they have been incorporated into a number of engineer-
ing software packages, such as Matlab and Simulink (Nguyen et al., 
2015). 

The photovoltaic cell is an essential part of any solar system. 
Photovoltaic cells are large-area semiconductors, in actuality. Elec-
trical signals are produced from photon energy using photovoltaic 
cells. Photovoltaic systems are becoming more and more common 
in both small and large energy production since this technique of 
producing electricity does not impact the ecology (Nguyen et al., 
2015). Numerous papers in this context display various trends. The 
single- and double-diode variants are the most often utilized. The 
simplicity and usability of the single-diode model across a variety 
of software programs make it popular. This "model with five pa-
rameters" features a photocurrent source parallel to the diode, as 
well as shunt resistance. For determining the behavior of photovol-
taic cells at different temperatures and solar levels, a comprehen-
sive single diode model was presented (Abdulgafar et al., 2014). 
The current-voltage and power voltage define how a solar cell be-
haves in reaction to changes in temperature, solar irradiance, and 
specific physical parameters like shunt and series resistance. By 
2030, solar cells might supply around 13% of the world's electric-
ity, according to maps created in 2016 (Chenni et al., 2007). 
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Many techniques have been used to create solar cell models. 
These techniques fall into two categories: indirect and direct. Nu-
merical solutions to equations are found in some mathematics and 
engineering problems by using direct approaches (e.g., Newton's 
method) and indirect methods (e.g., heuristics and metaheuristics 
for estimating five, seven, and eight parameters) (Louzazni et al., 
2018; Argyros, 2009). The primary part of solar panels is the solar 
cells. Multiple solar cells coupled in series and parallel make up 
photovoltaic modules. A solar cell with just one current source, a 
diode, and two resistors can be used to duplicate this. This type of 
solar cell is called a diode model. It is also possible to use two diode 
models, but only one diode model is considered here (Argyros, 
2008; Boukhrais et al., 2021; Oi, 2005; Hernanz et al., 2010; Mo-
hammed, 2011; Villalva et al., 2009; Satpathy, 2011 & 2012; Rusira-
wan et al., 2012; Ulapane et al., 2012; Pandiarajan et al., 2011). 

2. Characteristic Curve I-V 

Fig. 1 shows the typical values of short-circuit current Isc V = 0 
and open-circuit voltage Voc I = 0. Additionally, we can notice point 
A in the Figure , which stands for the operating point with the high-
est PMAX capacity. 

 
Fig. 1. Current-Voltage (I-V) curve for a solar cell (Jalil et al.,2012). 

3. Modification of a PV Module 

Photovoltaic modules are composed of many solar cells that are 
coupled in series and parallel to generate the necessary output 
voltage and current levels. All solar cells function as p-n diodes. 
Every single solar cell serves the same purpose as a p-n diode. 
Without any help, incident energy from the sun's beams is directly 
transformed into electrical energy when it strikes the solar cell. 
This work employs the single-diode model from Fig. 2 for the sake 
of simplicity. The straightforward design of the model, which con-
sists of a current source and a parallel diode, allows it to strike an 
appropriate balance between simplicity and accuracy. The corre-
sponding electrical circuit is depicted in Fig. 2. To represent the dis-
sipative processes in the cell (internal losses), two resistors are 
added to the model: a series resistor (RS) and a parallel (shunt) re-
sistor (RSH). 
RS: Series resistor, due to Joule effect losses and the semiconduc-
tor's particular resistor, as well as weak connections (Semi-conduc-
tor, electrodes). 
RSH: The term 'Shunt' refers to recombination losses caused by the 
junction's thickness, surface effects, and non-ideality. 

 

Fig. 2. The photovoltaic module's circuit diagram. 

4. Photovoltaic Module Equations 

Photovoltaic arrays, composed up of additional parts known as 
photovoltaic modules, are created by connecting photovoltaic cells 
in a series-parallel configuration. The fundamental equations from 
photovoltaic and semiconductor theory that quantitatively explain 
the I-V properties of the solar cell and module are listed below. Con-
sequently, we have according to Kirchhoff's law: 
𝐼 = 𝐼௣௛ − 𝐼ௗ − 𝐼௉............                                              ...................................(1) 
I represents the light-generated current under ideal circumstances 
(25௢C and 1000
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ature and solar radiation have a linear effect on the current source 
Iph (Pandiarajan et al., 2012). 
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where: ISCr is the value of the module short-circuit current, Ki is the 
temperature coefficient of the cell's short-circuit current, the cell's 
operating temperature is Tk, and its reference temperature is Traf,.  
G is the surface solar radiation of the cell. (W/m2). 
𝐼௉ : is the shunt current, Id : Diode Current, it is given by: 
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where, k is the Boltzman constant, while the electron charge con-
stant is q, T is the temperature in Kelvin  
The diode's saturation current, or I0, is determined by: 
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The reverse saturation current, or Irs, is determined by: 

𝐼௥௦ =
ூೞ೎ೝ

ୣ୶୮[୯୚೚೎/  ୒ୱ୏୅୘]ିଵ
...................(5) 

where, A is the ideality factor of the cell, q is the electron charge, Voc 
is the Solkar module open-circuit voltage, Ego is the bandgap energy 
of the semiconductor (Ego ≈  1.1 𝑒𝑉  for the polycrystalline Si at 
25°C ). 
Eq. (1) is substituted into Eq. (3) to obtain the following character-
istic equation: 

𝐼 = 𝑁௣𝐼௣௛ − 𝑁௣𝐼଴ ൤𝑒𝑥𝑝 ൬
𝑞(𝑉 + 𝑅௦ூ

𝑁௦𝐴𝐾𝑇
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𝑉 + 𝑅௦ூ

𝑅௣
                         (6) 

where, the number of series and parallel cell connections in a solar 
module is represented by Ns and Np, respectively (𝑁𝑝 =
1 𝑎𝑛𝑑 𝑁𝑠 =  60), Rp approaches infinity, while Rs approaches 0 in 
the ideal case. Because the resistance Rs is low, these resistors can 
be used to assess the diode's defects in the actual world and esti-
mate its difficulties. The slopes of the I-V characteristics at I=0 open 
circuit and V=0 short circuit are used to compute the inverse values 
of series and shunt resistance, respectively. 

5. Simulink Modelling of PV Module 

To have a model to replicate how our connected cells function, 
Figs. 3 to 7 show a block diagram of a step-by-step model based on 
these equations in the Simulink environment. 

5.1. First Step: 

Fig. 3 shows a detailed Simulink model of Eq. (2) of photocur-
rent Iphoton. The reference model's datasheet contains the value of 
the module short-circuit current (Iscr). 

5.2. The Second Step: 

Fig. 4. displays a comprehensive Simulink model of the reverse 
saturation current Irs Eq. (5). 

5.3. The Third Step: 

For the PV module the output current I of the single-diode 
model is depicted in Fig. 2, a comprehensive Simulink model of 
equation (Teo et al., 2018) is presented in Fig. 5. The inputs are the 
reverse saturation current, the reference temperature, and the 
module's operating temperature. 
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Fig. 3. Photocurrent (light generated current) is calculated using a Simulink block diagram. 

 

Fig. 4. Reverse saturation current is calculated using a block diagram. 

 

Fig. 5. A block diagram is used to compute saturation current 
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5.4. The Fourth Step: 

The main equation describing the single-diode output current 
of the PV module (I) is Eq. (6). Fig. 1 shows how it looks. The lowest 
voltage or the smallest current flowing through the analog circuit's 
diode has the most effect on the parallel resistance. The fill factor 
and the open-circuit voltage are decreased when the parallel re-
sistance is sufficiently low. No change is made to the short-circuit 
current. 

The use of simple circuit models in this study makes the model 
suitable for power electronics designers who need a fast and accu-
rate model to simulate solar energy devices with power converters. 
In order to keep the model simple, parallel resistance RSH, whose 
value is often high, was not included in Eq. (7). The series resistance 
is generated by combining the structural resistances of the photo-
voltaic module. The series resistance is Rs (0.1 Ω), which is more 
significant as the power point approaches its maximum. In this 

study, RSH is left out of the equation to make it simpler. As a result, 
equation 6 for PV module current output could be changed to: 

𝐼 = 𝑁௣𝐼௣௛ − 𝑁௣𝐼଴ ൤𝑒𝑥𝑝 ൬
𝑞(𝑉 + 𝑅௦ூ

𝑁௦𝐴𝐾𝑇
൰ − 1൨                                             (7) 

Iteration is required to solve Eq. (7), which uses Simulink to solve 
an algebraic loop. In an attempt to circumvent this issue, func-
tional models are employed in photovoltaic studies to model pho-
tovoltaic modules. The output current I of the iterative Matlab and 
Simulink models is displayed in Fig. 6.  

5.5. The Fifth Step: 

A Simulink model of I for the photovoltaic module is created by 
linking all of the previous blocks. This model calculates I using in-
puts such as voltage V, operational temperature, and solar radia-
tion. 

 

 

Fig. 6. Block Diagram of Output Current Calculation. 

 
Fig 7. 𝑃𝑉 Module Simulink Model. 
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6. Simulation Result and Discussions 

6.1. Effects of Solar Radiation on Characteristics of 𝑷𝑽 Mod-
ules 

Fig. 8 illustrates how a photovoltaic cell responds to different 
solar radiation levels at a constant temperature of 25 °C tempera-
ture. It is clear that solar radiation substantially impacts short-cir-
cuit current but has minimal effect on open-circuit voltage. In Fig. 9, 
it is clearly observed that there is a maximum on the power curves, 
which corresponds to the Maximum Power Point Pmax. The cell 
produces more electricity when the sun radiation is high. 

 
Fig. 8. Module's characteristics I -V at Constant Temperature (25 °C) with 
variation of Solar Radiation. 

 
Fig. 9. Module's characteristics P-V at Constant Temperature (25 °C) with 
variation of Solar Radiation. 

6.2. Effects of Temperature on Characteristics of PV Modules 

Temperature plays a crucial role in how solar cells behave. 
Temperature has an impact on a generator's properties as well. The 
relationship between a module's characteristics, temperature, and 
solar radiation intensity are illustrated in Figs. 10 and 11 respec-
tively. The essential factor in how solar cells behave is temperature. 
As can be seen, temperature significantly affects the open-circuit 
voltage but not the short-circuit current module’s power. Figs. 10 
and 11 show this. Lower temperatures cause the cell to produce 
more power. As demonstrated by the data above, temperature sig-
nificantly affects voltage and power increase. 

 

Fig. 10. Module's characteristics I-V at Constant Solar Radiation with vari-
ation of Temperatures. 

 
Fig. 11. Module's characteristics P-V at Constant Solar Radiation with vari-

ation of Temperatures. 

7. Conclusion 

Consequently, by investigating and simulating the cell’s solar 
through mathematical modelling, we hope to inspire more re-
searchers to engage in PV projects and to understand deeply the I-
V and PV module properties, as an understanding of these curves is 
essentially necessary to properly evaluate photovoltaic sys-
tems. The effect of temperature and light intensity is illustrated in 
Fig. 10. As Fig. 10 shows, the operating mechanism of the cell is af-
fected by temperature changes and reduces the resulting capacity. 
By preserving illumination intensity and enhancing cell efficiency, 
we contribute to the stimulation of electrons. In the case of Fig. 11, 
the cell's capacity increases with lower temperatures, whereas an 
increase in temperature reduces the cell's efficiency. To maintain 
the cell's efficiency, the temperature around the perimeter must be 
kept constant, and consideration should be given to cooling to some 
extent. the lower the temperature, the greater the capacity learned 
from the cell, and thus the increase in temperature affects the cell's 
efficiency. 
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