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Abstract: Photovoltaic (PV) systems offer a potential solution to the global energy crisis. Modeling study and analysis 
involving solar PV module is an important task in PV system to be more user friendly, improve reliability and performance. 
However, the output characteristics of PV module are nonlinear, since they are dependent on environmental conditions such 
as solar irradiance and temperature, as well as local climate conditions such as humidity and wind. The various methods used 
have some common gaps as the absence of step by step procedure which cause difficulties to understand. Indeed, accurate 
modeling of PV module is important to provide a better understanding of their operation and output characteristics, since 
simulations can be used to understand the behavior of PV module under various operating conditions. The objective of the 
project is first, to build and model a solar photovoltaic (PV) module algorithm using Matlab/Simulink. Second, to simulate 
and analyze behavior of the model in various temperature and irradiance input conditions. Third, to validate the results obtained 
from the simulations by comparing the output characteristics with the manufacturer’s data sheet. The methodology used by 
presenting the principles of detailed modeling of PV module using Matlab/Simulink software. The constructed model is taken 
from the equations obtained from the equivalent circuit of a single diode model. The PV Module block is a five-parameter 
model using a light-generated current source (IL), diode, series resistance (Rs), and shunt resistance (Rsh) to represent the 
irradiance and temperature dependent I-V and P-V characteristics of the module. This method provides a simple, reliable and 
highly flexible method to adapt PV module to different environmental conditions such as irradiance, temperature and physical 
parameters of solar module such as resistance, current, voltage, ideality factors and others. The simulation results and data 
obtained show that the block module developed and simulated using Matlab/Simulink with various input values of temperature 
and irradiance is almost identical to the real PV module and user friendly. 
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1. INTRODUCTION 
The solar industry has expanded rapidly over the last few 
years, and photovoltaic (PV) systems in particular have 
increased significantly. The rapid growth is mainly due to 
the need for alternatives to the fossil-electric fuel 
generation industry, concerns about the global climate, 
lower photovoltaic costs and investment in distributed 
energy resources to improve energy grid efficiency. Solar 
Road Map IEA estimates that solar PV energy will 
contribute as well as supply around 11% of global 
electricity demand by 2050 and will reduce CO2 emissions 
by 2.3 gigaton (Gt) per year [1-2]. 
 However, capital costs and maintenance costs of 
module PV module are still high as they are mostly 
installed outdoors, where they experience mechanical and 
electrical stress, resulting in additional power loss, hot spot  

 
formation and various complications on PV module. If the 
initial steps are not well planned and controlled, the 
efficiency of the PV module system will be affected and 
cause the system to be unable to operate fully. 
 With PV module modeling and analysis project in 
various temperature and irradiance inputs using matlab / 
simulink algorithm it can analyze the behavior of the 
system visually, simulation and even record the data 
obtained clearly. 
 This PV module modeling and analysis project is 
done according to the steps and sequence so that it is more 
accurate and promises more efficient and effective 
monitoring and diagnosis of PV module module system 
with various temperature and irradiance inputs taken. In 
general, this project is related to modeling as well as 
simulation. For the initial design of a simulation project, 
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modeling and control algorithms using matlab / simulink 
programming need to be studied and refined. 

2. METHODOLOGY  

2.1 Methodology Flowchart 
This method needs to be carried out comprehensively and 
in accordance with the outlined process flow to facilitate 
data collection to complete the project. Figure 1 shows the 
flow chart of the projects involved. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Project flowchart 

 

2.2 Initial Design and Model Development Ideas 
Typically, PV solar panels only convert 25% to 40% of the 
solar irradiance that occurs into electrical energy [3]. From 
here arose the idea to find, solve and simplify the work 
process by building models and analyzing circuits from a 
single diode circuit that has its own advantages. 

2.2.1 Models for solar PV cell Module 
Due to the non-linear characteristics of I-V solar cells, it is 
not enough to simply model it as a fixed voltage source or 
a constant current source. To explain the electrical  
behavior of these solar cells, single-diode models are most              
commonly used [4]. The corresponding circuits for the one 
diode model are shown in figure 2. 

 
 

 
Figure 2. One diode model equivalent circuit 

 
 
The equation for the Photovoltaic (PV) module, is 
constructed from the following block algorithm: - 
 
i.    Photovoltaic (PV) Current / Output Current (Ipv). 
For the single diode model (Figure 2), the photovoltaic 
current / output current (Ipv) equation for a PV module is 
as shown in equation 1. 
 
 
 

                                                                               (1) 
 
                                                                                    

 
 

Where:- 
 
IL   = Light/photo-generated current (A) 
ID  = Diode current (A) 
Ish  = Shunt resistance current (A) 
IS   = Saturation current of the diode (A) 
Rs   = Series resistance (Ω) 
Rsh = Shunt resistance (Ω) 
q     = Electron charge = 1.6×10-19 C 
k     = Boltzmann’s constant = 1.38×10-23 J/K 
n     = Diode ideal factor (1 ≤ n ≤ 2 ) 
T     = Ambient temperature (K) 
Ns   = The number of solar cells in series 
Ipv  = PV module current (A) 
Vpv = PV module voltage (V) 
G    = Solar irradiance (W/m2) 
G0  = Reference solar irradiance (W/m2) 
IL0 = Reference light generated current (Amp) 
T0  = Reference temperature (K) 
CT = Temperature coefficient of the light generated   
         current (A/K) 

 
ii. Saturation Current (Is). 
The saturation current (Is) of a diode, which differs in its 
temperature, is shown in equation 2. 
 
 
 
                                                                                   (2) 

  

Start 

Determine the algorithm according to all the 
equations involved 

𝐼𝑝𝑣 = 𝐼𝐿 − 𝐼𝑠× )𝑒𝑥𝑝 ,
𝑞×(𝑉𝑝𝑣 + 𝐼𝑝𝑣×𝑅𝑠)

𝑛×𝐾×𝑁𝑠×𝑇
7 − 19 − 𝐼𝑠ℎ 

Construct a model, list the variables & data 
constants used in the equation 

Module evaluation for modelling in 
Matlab/Simulink 

Simulate and analyze the model 

Get results, data collection and validation 

End 
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iii.  Reverse Saturation Current  (Irs) 
Equation 3 shows the reverse saturation current  (Irs).                                                             

                                                                                    (3)                        

 

iv. Shunt Resistor Current (Ish) 
Equation 4 shows the Shunt Resistor Current (Ish). 
 
 
                                                                                    (4) 
 
 
v. Light / Photo Current (IL) 
The light / photo generated current (IL) is defined as 
depending on solar irradiance and ambient temperature. 
The equation 5 shows the equation of light / photo current. 

                                                                                    (5) 

 
 The I – V model of a single PV cell diode is represented 
by Equation 1 [4]. Figure 6 depicts the I – V curve, which 
represents equation 1 and highlights three key points: open 
circuit voltage (Voc), short-circuit current (Isc), and 
maximum power point (Pm). According to equation 5 [5],  
the light/photo current generated in a practical PV cell is 
dependent on irradiance and temperature. 
 The diode's saturation current, as indicated by equation 
2, is the second parameter in equation I – V. Equation 2 
can be simplified by replacing it with equation 3 [5], which 
shows the saturation current's relationship to temperature 
in a variety of ways. This update aims to align the model's 
open-circuit voltage with the data sheet's characteristics, 
namely (Ki) for a wide range of temperatures. 
 Resistance in series and parallel are the third and fourth 
characteristics to consider. The modelling method utilised 
here selects only one pair (Rs, Rsh) that makes the data 
sheet peak output power equal to the proposed model's 
peak output power. Setting Pm yields the link between Rs 
and Rsh. The ensuing relationship reveals that the two 
resistances are highly dependent on one another. 
 Rs and Rsh can be calculated using an iterative 
procedure that starts with a zero value for Rs and adds until 
the maximum force of the model matches the maximum 
force of the experiment. In equation 4 [5], the initial value 
of Rsh is provided. 
 The fifth parameter, the diode ideal factor (n), was 
considered to have a range of n values between 1 and 2 
with 0.1 increments. This is a common (n) [6] assumption. 
 The established model can be enhanced even more by 
taking into account the effects of Rs and Rsh on light 
currents, as illustrated in equation 5 [5]. This suggests a 
substantial relationship when the light current and the 
short-circuit current have distinct values. 
 In this project simulation it adopts single diode model 
for solar cell, because this single diode model has many 
advantages over double diode model and others: - 

i. For PV module at the device level, this one diode 
model is accurate enough for fixed condition and fault 
analysis. 

ii. In the simulation setting, the numerical method for a 
single diode model accumulates faster than a double 
diode model. 

iii. For most PV module available on the market, 
comprehensive one-diode model parameters are 
available. 

2.2.2 Modeling of PV Modules in Each Solar Cell 
Simulating each solar cell in a module to model a PV 
module is impractical. This is because, PV manufacturers 
will usually only supply to end users complete and 
environmentally friendly modules and not solar cells in 
bulk. In addition, in actual working conditions, solar cells 
packaged in the same module typically have the same light 
conditions. 

It is thus clearly assumed for this reason, that the 
characteristics and working conditions of all solar cells in 
each PV module are similar. Therefore, it is very 
impossible to consider a PV module as a simple unit 
composed of the same solar cell. Modeling and simulating 
these PV modules is an important step for normal analysis 
as well as PV system faults. 

At 0.5 V output voltage, a typical PV cell generates 
less than 2 W. As a result, PV cells in a module are 
connected in a series–parallel configuration to give 
sufficient output power and voltage. A photovoltaic array 
is made up of solar modules that are connected in series 
and parallel circuits to generate the required current and 
voltage. The solar module similar circuit with NP parallel 
and NS series branches is shown in figures 3 and figure 4. 

Depending on the semiconductor materials used in PV 
modules, they are given different values. At ambient 
temperature, crystal silicon has an Eg value of about 1.12 
eV, while Copper Indium Diselenide and Cadmium 
Telluride have Eg values of 1.03 eV and 1.5 eV, 
respectively. 

For the PV module, the simulation model is made 
using a single diode model, the modeling algorithm solves 
it iteratively by using several input parameter currents on 
a single diode medial circuit to find the algorithm solution 
(IL-ID) and supply the solution to the source controlled 
current. 

 

 
Figure 3. Simplified equivalent circuit PV module 

model 
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Figure 4. Model of PV module with Ns series cell and 
Np parallel cell 

Figure 5 displays the numerical model for the PV 
module. There are two inputs for the numerical solution 
subsystem namely irradiation and also the temperature of 
the PV module. Other components include a voltage 
calculation block, a controlled current source and a series 
and parallel R branches. 
 

 
Figure 5. Numerical model for a PV module with 2 

input 
 

2.2.3 Curve Characteristics Study of I-V & P-V for Solar 
Photovoltaic 
This methodology presents the principles of detailed 
modeling of photovoltaic (PV) module using 
matlab/simulink software. The constructed model is taken 
from the equations obtained from the equivalent circuit of 
a single diode model. PV module generally consist of 
various solar cells with similar characteristics. Ideally, a 
PV module would have a similar non-linear I-V curve, as 
seen in figure 6. In the actual working environment, the PV 
module will operate below ambient temperature, these 
dynamics pose challenges to current PV module 
simulation strategies. 

As shown in figure 6, in three quadrants of its I-V 
curve, a solar cell exhibits a non-linear output feature. In 
the 1st quadrant, solar cells produce energy, but lose power 
in the 2nd and 4th quadrants of the current voltage curve 
(I-V) as a load. The I-V curve of the solar cell varies with 
solar irradiance and ambient temperature in the 1st 
quadrant. 
 

 
Figure 6. I-V and P-V curve characteristics 

 

Ideally, a PV module would have a similar non-linear 
I-V curve, as seen in figure 6 and figure 7. However, in the 
actual working environment, the PV module will operate 
below ambient temperature, significant differences and 
even in the case of damage, the I-V curve of the PV module 
will be completely different and the relationship between 
PV module is difficult to predict.  
 

 
Figure 7. I-V & P-V curve characteristics of PV 

module 
 

2.3 Model Description and Simulation in Matlab 
/Simulink 

A photovoltaic (PV) module is implemented via the PV 
module block. The module is made up of parallel strings 
of modules, each string comprising of modules connected 
in series. This block lets you model both preset PV 
modules from the National Renewable Energy Laboratory 
(NREL) System Advisor Model (2018) and custom PV 
modules. 

The PV module block is a five-parameter model that 
represents the module's irradiance and temperature-
dependent I-V and P-V characteristics utilising a light-
generated current source (IL), diode, series resistance (Rs), 
and shunt resistance (Rsh). Figures 3 and 4 illustrate the 
PV module model, which is made up of a single diode 
model. 

The number of parameters to be modeled is usually 
(Is, Irs, Ish, IL, Ipv) as well as the values of Rs and Rsh 
should be taken into reference for a single diode circuit 
model. 

However, some unknown parameters were eliminated 
in this project to reduce computation time. The photo 
current and saturation current of the diode are eliminated 
using a range of measurements taken by the manufacturer 
under standard test conditions (25°C, 1000W /m2). 

However, in the actual situation these parameters 
depend on temperature and sunlight, they need to be 
updated to find the output current in any operating 
condition. 
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2.4 Simulation Model Development 
In the InitFcn Callback menu in the Simulink Model 
Properties menu, all fixed parameters for the PV module 
are set to start the simulation. The numerical solution 
function block (IL-ID) can be changed by selecting look 
under mask in the subsystem from the numerical solution 
menu. In finding numerical solutions, the functional block 
of algebraic constraints plays an important role in this 
subsystem. The block limits the IL-(Ipv + ID + Ish) = 0 
input signal and emits a VD diode voltage which, through 
the feedback direction, affects the input and necessarily 
limits the zero input. 

In the model input windows, the primary parameters 
for photovoltaic module such as Isc, Is, Voc and others 
may be set as constants. This means that the 
Matlab/Simulink programming model is universal and can 
be used for any solar PV module as well as making this 
model as a research tool box as well as a strong design for 
PV devices. Table 1 shows the module evaluation for 
modeling in matlab / simulink. 

Referring to Table 1, the parameter (Ns = 54) is the 
Number of Cell of the Shenzhen TYSM200 model module 
made of poly crystalline silicon. Each solar cell can 
generate 0.5 volts. The 54-cell module can transmit 27 
volts. The amount of ampere is determined by the size or 
area of the cell. The higher the ampere, the bigger the cell. 
The proposed model is to take solar radiation and 
temperature as input, while the I-V and P-V parameters as 
the required output. From the simulation model, the results 
obtained are matched with the manufacturer's datasheet 
information. The model has good accuracy and is almost 
identical to the parameters required in the Standard Test 
Conditions (STC) in the manufacturer's data sheet. 

Other than that, these studies applying the PV module 
that have power rating 200W rather than another PV 
module in the market with higher power rating. This is due 
to consider the existing application that have been used on 
the software in the parameter model developed using the 
Matlab/Simulink software. More specifically, the 
performance of the entire device largely depends on the 
individually interconnected modules. I-V and P-V curves 
are suitable for the entire PV module as well as in normal 
working conditions for Standard Test Conditions (STC). 
Thus, the objective of matching the I-V and P-V equations 
as well as Vmp, Imp and Pm authentication with various 
temperature inputs and solar irradiation was successfully 
achieved. 
 

Table 1. Module evaluation for modeling in matlab / 
simulink 

 
No Parameter Module Rating 
1 Maximum power (W) Pm = 200 W  
2 Maximum power Voltage 

(V) 
Vmp = 26.5 V 

3 Maximum power current (A) Imp = 7.5 A 
4 Open circuit voltage (V) Voc = 32.5 V 
5 Short circuit current (A) Isc = 8.23 A 
6 Number per module / cells in 

series 
Ns = 54 

7 Number of PV module 
connected in parallel 

Np = 1 

 

2.4.1 Working Steps of The Simulation Model 
An algorithm model of a PV module involving a current 
source, series diode, series resistor and parallel is modeled. 
The PV module simulation is modeled in a 
matlab/simulink environment. PV modules are modeled 
according to the step -by -step procedure as follows: 
 

Step 1: Enter the variable and constant parameter 
values as given in table 2. 
 

Step 2: The Saturation Current (Is) model as in 
equation 1, is designed and executes its function according 
to the model block constructed. 
 

Step 3: The Reverse Saturation Current (Irs) model as 
in equation 2, is        designed and performs its function 
according to the model block constructed. 
 

Step 4: The Shunt Resistor Current (Ish) model as in 
equation 3, is designed     and performs its function 
according to the model block constructed. 

 
Step 5: The Light / Photo Current (IL) model as in 

equation 4, is designed and performs its function according 
to the model block constructed. 

Step 6: The PV Module / Output Current (Ipv) model 
as in equation 2.5, is designed and performs its function 
according to the model block constructed. 

 
Step 7: When all the current models as above (5 

equations = 5 models) have been built, the PV module 
models such as projects 1, 2, 3 are completed. Main system 
model as shown in figure 8, 9, 10. 
 

The results of previous studies show that the matlab / 
simulink programming model is universal and can be used 
for any solar PV module as well as making this model a 
powerful research and design toolbox for PV devices. But 
there are parameters involved that need to be adapted into 
the system as constants and variables for the system to 
function. Table 2 shows a list of variable parameters and 
constants used. 
 

Table 2. List of variables and data constants used in the 
equation 

No Parameter Values of 
constants 
and 
variables 

1 Diode saturation current (A) Is 
2 Reverse saturation current Irs 
3 Shunt resistance current (A) Ish 
4 Light/photo-generated current (A) IL 
5 PV module current (A) Ipv 
6 Short circuit current (A) Isc  
7 Diode current (A) ID 
8 Short circuit current (Cell 

1000W/m2 & 25◦c) 
Ki = 0.0032 

9 Ambient / operating temperature 
(K) 

T 

10 Nominal temperature (K) To = 298 
11 Solar Irradiance (W/m2) G 
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12 Electron charge (C) q = 1.6×10-
19 C 

13 Diode Ideality factor (1 ≤ n ≤ 2) n = 1.039 (1 
≤ n ≤ 2) 

14 Boltzmann’s constant (J/K) k = 1.38×10-
23 J/K 

15 Semiconductor band gap energy 1.1 
16 Series resistance (ohms) Rs = 0.351 
17 Shunt resistance (ohms) Rsh= 

137.887 
 
 

The PV module simulation is modeled in a matlab / 
simulink environment. This PV module is modeled 
according to a step by step procedure involving the 
equations and parameter values of variables and constants. 
 
 
2.4.2 Project 1 : The “Main Model” of a combination of 
five (5) equations governing the characteristics of 
photovoltaic (PV) module. 
The algorithm model system “Main Model” shown in 
figure 8 has been simulated using matlab / simulink. There 
are two inputs involved for the algorithm subsystem 
namely irradiance and temperature inputs. 
 

 
Figure 8. Project 1 “PV module model” 

 
 

Figure 8 shows a PV module model in matlab / 
simulink programming, where a virtual subsystem is used 
as the algorithm solution block. Other components include 
current, voltage source and series and parallel R branch 
calculation blocks. This model executes the function given 
by the equation (Equation 1 - Equation 5). 
 
 
2.4.3 Project 2: Loads connected to the PV module 
system model (First Design) 
The load connected to the PV module in the matlab / 
Simulink application is taken from a combination of five 
(5) previous equation blocks that perform and arrange 
tasks to meet the characteristics of a photovoltaic (PV) 
module. The load algorithm model system connected to the 
PV module system model shown in figure 9 was simulated 
using matlab / simulink.  

 

 
Figure 9. Project 2 “The load connected on PV module 

system” 
 
Figure 9 shows a PV module model in matlab / simulink 
programming, where a virtual subsystem is used as the 
algorithm solution block. Other components include 
current, voltage source and series and parallel R branch 
calculation blocks. This model performs the function given 
by the previous block of equations (Equation 1 - Equation 
5). 

The Project 2 will generate and record data as well as 
outputs for Maximum Power Current (Imp), Maximum 
Power Voltage (Vmp) and Maximum Power (Pm) 
according to constant values and temperature and 
irradiance input variations generated on the PV model 
simulation. Data were recorded step by step according to 
the fixed input data values and the variations tested. It is 
easier to say that this Project 2 can test and generate the 
output data one by one according to the input entered. 
 
2.4.4 Project 3: Loads connected to the PV module system 
model (Second Design) 
The load connected to the PV module in the matlab / 
simulink application is taken from a combination of five 
(5) previous equation blocks that perform and arrange 
tasks to meet the characteristics of a photovoltaic (PV) 
module. The load algorithm model system connected to the 
PV module system model shown in figure 10 was 
simulated using matlab / simulink.  
 

 
Figure 10. Project 3 “The load connected on PV module 

system” 
 
Figure 10 shows a PV module model in matlab / simulink 
programming, where a virtual subsystem is used as the 
algorithm solution block. Other components include 
current, voltage source and series and parallel R branch 
calculation blocks. This model performs the function given 



Norhaisam Ismail et al. / ELEKTRIKA, 21(3), 2022, 28-39 

 34 

by the previous block of equations (Equation 1 - Equation 
5). 

This project 3 will generate and record data as well as 
output for Maximum Power Current (Imp), Maximum 
Power Voltage (Vmp) and Maximum Power (Pm) 
according to fixed values and temperature and irradiation 
input variations generated on the PV model simulation. 
The difference with project model 2 is in the data 
collection and display of results in combination according 
to the fixed input data values and the variations tested. In 
other words that this Project 3 is able to test and produce 
the output data as a whole according to the input units 
entered. 

3. RESULTS AND DISCUSSION 
This section states the results obtained from the 
implemented project. The results obtained from this 
project are certainly important for the improvement of 
existing studies. This section also concludes the studies 
conducted in the projects involved. The results obtained 
can support how the methodology created can meet the 
objectives of this project. 
 In Matlab/Simulink, a PV photovoltaic system is 
constructed using the simulation model previously. Each 
simulation for this model represents a modular and 
scalable PV module taken from the equations involved. 
The model tested relies on feedback and has a wide range 
of input temperatures and irradiance conditions. PV 
module are usually placed in several series and parallel 
configurations to create a PV module. 
 
3.1 Data Collection and Analysis 
The analysis of these results will involve 3 main projects 
from the system model as well as the PV module 
subsystem built. For more detail, each project will display 
the results and behavior of each project through the I-V and 
P-V curves as well as the values of Maximum Power 
Current (Imp), Maximum Power Voltage (Vmp) and 
Maximum Power (Pm) obtained. 

3.1.1 Project 1: Data Collection and Analysis of Project 
Results 
This first project focuses more on a combined modeling 
method of 5 initial equations and will eventually display 
the characteristics of the I-V and P-V curves from the 
various temperature and irradiation inputs tested. Table 3 
shows the temperature (◦C) variation and irradiance 
(W/m2) for curves I-V and P-V. 

 
Table 3. Temperature (◦C) Variation and Irradiance 

(W/m2) for Curves I-V and P-V 
Irradiance 
(W/m2) 
[Constant] 

The Irradiance (Irr) value is taken as 
1000 W/m2 

Temperature 
(◦C) 
[Variation] 

25 
◦C 

35 
◦C 

45 
◦C 

55 
◦C 

65 
◦C 

75 
◦C 

Temperature 
(◦C) 
[Constant] 

The Temperature (Tem) value is taken 
as 25◦C. 

Irradiance 
(W/m2) 
[Variation] 

200 
W/
m2 

400 
W/
m2 

600 
W/
m2 

800 
W/
m2 

1k 
W/
m2 

1.2k 
W/
m2 

i. Figure 11 and 12 shows the characteristics of the I-V 
and P-V curves at temperature (45◦C) and irradiation 
(1000W/m2). 
 

 
Figure 11. The characteristics of the  I-V curve 

 

 
Figure 12. The characteristics of the  P-V curve 

 
 
 
ii. Figure 13 and 14 shows the characteristics of the  I-V 
and P-V curves at irradiation (600W /m2) and 
temperature (25◦C).   
 

 
Figure 13. The characteristics of the  I-V curve 
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Figure 14. The characteristics of the  P-V curve 

 
 
iii. Project 1 Results Summary 
The single diode circuit model developed for the PV 
module is simulated by Matlab/Simulink which determines 
the input values of the temperature and its irradiance. 
 The I-V and P-V characteristics are obtained from 
models developed for various irradiance and temperature 
inputs. The irradiance range varies from 200 W/m2 to 
1200W/m2 at a constant temperature of 25◦C. In addition, 
the temperature ranged from 25◦C to 75◦C with an increase 
of 25◦C at continuous radiance of 1000W/m2. The 
obtained results are used to plot the I-V and P-V curves to 
ensure that the developed model works well compared to 
the manufacturer data sheet. 
 As for the characteristics of I-V and P-V curves under 
different temperatures and continuous irradiance as shown 
in (table 3) and (figure 11 and figure 12). Here, the 
temperature changes from 25◦C, 35◦C, 45◦C, 55◦C, 65◦C 
and 75◦C with continuous irradiance at 1000W/m2. The 
formula is that when the temperature rises then the solar 
output current increases slightly but the output voltage 
decreases drastically. As a result, power output is reduced. 
 The characteristics of the PV module at the input of 
irradiance variation and temperature are shown in in (table 
3) and (figure 13 and figure 14). In this irradiance the 
irradiation variations are 200 W/m2, 400 W/m2, 600 
W/m2, 800 W/m2,1000W/m2 and 1200W/m2 with 
constant temperature at 25◦C. The bottom line is that as 
irradiance increases, the voltage and current of the solar 
output also increase. As a result, the output power also 
increases. 

3.1.2 Project 2: Data Collection And Analysis Of Project 
Results 
The Project 2 will generate and record data as well as 
outputs for Maximum Power Current (Imp), Maximum 
Power Voltage (Vmp) and Maximum Power (Pm) 
according to constant values and temperature and 
irradiance input variations generated on the PV model 
simulation. Data were recorded step by step according to 
the fixed input data values and the variations tested. It is 
easier to say that this Project 2 is able to test and generate 
the output data one by one according to the input entered. 
This project 2 focuses on the Connected Loads on the PV 
Module Model System for the Display of Current (Imp), 
Voltage (Vmp) and Power (Pm) individually according to 
the input data involved.  

i. Table 4 and figure 15 show the output data for the 
characteristics of the Imp, Vmp & Pm curves for 
Temperature Variation (75◦C) and Irradiance (1000W/m2) 
 
Table 4. Output Table for Temperature Variation (75◦C) 

and Irradiance (1000W/m2) 

 
 

 
Figure 15. Output Curve Characteristics for Temperature 

Variation (75◦C) and Irradiance (1000W/m2) 
 
ii. Table 5 and figure 16 show the output data for the 
characteristics of the Imp, Vmp & Pm curves for Irradiance 
Variation (1200W/m2) and Temperature (25◦C) 
 

Table 5. Output Table for Irradiance Variation 
(1200W/m2) and Temperature (25◦C) 

 
 
 



Norhaisam Ismail et al. / ELEKTRIKA, 21(3), 2022, 28-39 

 36 

 
Figure 16. Output Curve Characteristics for Irradiance 

Variation (1200W/m2) and Temperature (25◦C) 
 
 
iii. Project 2 Results Summary 
With this result obtained from project model 2, when we 
look at the I-V and P-V curves as shown in the figure, it 
has a very good resemblance to the manufacturer’s data 
sheet. 
 This may be explained by the well developed model 
for this particular module and is very useful for estimating 
energy production over a given temperature and irradiance 
range. 
 When irradiance (characteristics of irradiance 
variations of 200W/m2, 400W/m2, 600W/m2, 800W/m2, 
and 1000W/m2 are given) increases with constant 
temperature, the voltage and current of the PV output 
increase, thus increasing the PV output power. Also, for 
low values of solar irradiance, the Isc short circuit current 
is reduced but the Voc open circuit voltage change is very 
less, thus proving that the maximum force from the module 
decreases. 
 As for the characteristics of the Imp, Vmp and Pmp 
curves under different temperatures and continuous 
irradiance as shown in figure 15 – figure 16 loads were 
included. Here, the temperature varies from 25◦C, 35◦C, 
45◦C, 55◦C, 65◦C and 75◦C with continuous irradiance at 
1000W/m2. When the temperature rises then the solar 
output current increases slightly but the output voltage 
decreases drastically. As a result, power output is reduced. 
 
3.1.3 Project 3: Data Collection and Analysis Of Project 
Results 
This project 3 will generate and record data as well as 
output for Maximum Power Current (Imp), Maximum 
Power Voltage (Vmp) and Maximum Power (Pm) 
according to fixed values and temperature and irradiation 
input variations generated on the PV model simulation. 
The difference with project model 2 is in the data 
collection and display of results in combination according 
to the fixed input data values and the variations tested. In 
other words that this Project 3 is able to test and produce 
the output data as a whole according to the input units 
entered. 
A. The load connected on PV module system model 
(Temperature variation) 
 
 

i.  Table 6 and figure 17 show the output data for the 
characteristics of the Imp curves for Temperature 
Variation and Irradiance (1000W/m2). 
 
Table 6. Current (Imp) Table for Temperature Variation 

and Irradiance (1000W/m2) 

 
 

 
Figure 17. Current (Imp) Curve Characteristics for 
Temperature Variation and Irradiance (1000W/m2) 

 
 
ii. Table 7 and figure 18 show the output data for the 
characteristics of the Vmp curves for Temperature 
Variation and Irradiance (1000W/m2) 
 
Table 7. Voltage (Vmp) Table for Temperature Variation 

and Irradiance (1000W/m2) 
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Figure 18. Voltage (Vmp) Curve Characteristics for 
Temperature Variation and Irradiance (1000W/m2) 
 
iii.  Table 8 and figure 19 show the output data for the 
characteristics of the Pm curves for Temperature Variation 
and Irradiance (1000W/m2) 
 

Table 8. Power (Pm) Table for Temperature Variation 
and Irradiance (1000W/m2) 

 

Figure 19. Power (Pm) Curve Characteristics for 
Temperature Variation and Irradiance (1000W/m2) 

 
 
B.  The load connected on pv module system model 
(Irradiance variation) 
 
i.  Table 9 and figure 19 show the output data for the 
characteristics of the Imp curves for Irradiance Variation 
and Temperature (25◦C) 
 

Table 9. Current (Imp) Table for Irradiance Variation and 
Temperature (25◦C) 

 
 

 
Figure 19. Current (Imp) Curves Characteristics for 

Irradiance Variation and Temperature (25◦C) 
 
 
ii .  Table 10 and figure 20 show the output data for the 
characteristics of the Vmp curves for Irradiance Variation 
and Temperature (25◦C) 
 
Table 10. Voltage (Vmp) Table for Irradiance Variation 

and Temperature (25◦C) 
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Figure 20. Voltage (Vmp) Curve Characteristics for 

Irradiance Variation and Temperature (25◦C) 
 
iii .  Table 11 and figure 21 show the output data for the 
characteristics of the Pm curves for Irradiance Variation 
and Temperature (25◦C) 
 
Table 11. Power (Pm) Table for Irradiance Variation and 

Temperature (25◦C) 

 

Figure 21. Power (Pm) Curve Characteristics for 
Irradiance Variation and Temperature (25◦C) 

 
C. Project 3 Results Summary 
With this simulation model, the PV characteristics of the 
module are obtained. These characteristics are obtained 
by varying the variation of temperature and irradiance 
parameters. 
 These results are obtained from project model 3, and 
from the analysis made, as a whole when the required 
output values are collected and displayed simultaneously it 
shows a clear understanding and behavior of the output 
Voltage (Vmp), current (Imp) and maximum power (Pm) 

produced. The results obtained are similar to the data and 
characteristics of the curves generated in project 3. 
 As the temperature increases with continuous 
irradiance, the Isc short -circuit current increases, as the 
tape gap energy decreases and more photons have enough 
energy to form electron hole pairs. The increase in 
temperature has a clear reduction in the output power of 
the PV module due to a decrease in the Voc open circuit 
voltage, thus reducing the efficiency of the PV module. 
 The characteristics of the PV module at the variation 
input and light temperature are shown in (figure 19 - 21). 
At these irradiation variations are 200W/m2, 400W/m2, 
600W/m2, 800W/m2, 1000W/m2 and 1200W/m2 with 
constant temperature at 25◦C. In this case the 
characteristics at the outputs of Imp, Vmp and Pm also 
change with the input load factor. As the irradiation 
increases, the voltage and current of the solar output also 
increase. As a result, the output power also increases. 
 
3.2 Data Validation Results 
To validate the PV model simulated using 
matlab/simulink, commercial PV module on the market 
were compared with manufacturer’s data sheets. 
 
3.2.1 Model Validation for PV Module 
The module involved is the Shenzhen TYSM200 which is 
made of poly-crystalline silicon. The manufacturer module 
data sheet parameters in STC for a 200 Watt PV module 
are almost identical to the model parameters developed 
using matlab/simulink simulations. 
 More specifically, the overall performance of the 
device is highly dependent on individually interconnected 
modules. The I-V and P-V curves are suitable for the entire 
PV module as well as in normal working conditions in 
STC. The model parameters compared to the manufacturer 
module data sheet are almost identical to the model 
parameters developed using matlab/simulink simulations. 
Table 12 shows the validation of model parameters was 
compared with the manufacturer module data sheet with 
model parameters developed using matlab/simulink 
simulations. 
 

Table 12. The validation of model parameters was 
compared with the manufacturer module data sheet with 

model parameters developed using matlab / simulink 
simulations. 

Bil Parameters 

Equipment / Module 
Module 

Evaluation 
(Modeling In 

Matlab / 
Simulink) 

Shenzhen 
TYSM200 
Module, 
At STC 

1 Maximum Power  
Pm(W) 

200W 200W 

2 Maximum Power 
Voltage Vmp(V) 

26.5V 27V 

3 Maximum Power 
Current Imp(A) 

7.5A 7.5A 

4 Open Circuit 
Voltage Voc(V) 

32.5V 32.5V 

5 Short Circuit 
Current Isc(A) 

8.23A 8.23A 

6 Number Per 
Module / Cells In 
Series 

54 54 
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4. CONCLUSION 
The modeling method through the algorithm displaying the 
simulation results of the PV module can be presented well. 
This method provides a simple, reliable and highly flexible 
method to adapt PV modules to different environmental 
conditions such as irradiation, temperature and physical 
parameters of solar modules such as resistance, current, 
voltage, ideality factors and others. 
 The differential characteristics of the curve can be 
developed using a simulation model. The results obtained 
show that this model has good accuracy and is almost 
identical to the manufacturer’s data sheets required in 
obtaining the I-V and P-V curves. With this, all the 
objectives compiled and developed can be implemented 
successfully according to the methods and activities that 
have been done. Therefore, the objectives stated in this 
project have been achieved and the hypotheses have been 
confirmed. 
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