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A B S T R A C T  

 

In the context of increasing emission of greenhouse gasses in the environment due to fossil fuel burning, this 

paper attempts to describe the significance of Maximum Power Point Tracking (MPPT) by investigating the 
power performance of photovoltaic modules with MATLAB simulation. MPPT algorithm was employed to 

secure maximum power from PV module. The boost converter whose pulse is linked to MPPT algorithm restricts 

the flow of load power and controls the current and voltage of PV panels. The whole design of the solar model, 
boost converter, and MPPT controlled algorithms was done in the SIMULINK to prioritize the system in 

simulation. The main concept employed in this paper was to develop a power generation process with MPPT 

algorithm and to provide information for future use. In this paper, all simulations along with the PV power 
generation process were done in MATLAB. This research could potentially play a vital role in mitigating the 

world fuel crisis. 
 

https://doi.org/10.30501/jree.2021.274901.1193 

1. INTRODUCTION1 

The world remains challenged by the difficulties and 

constraints associated with energy generation. Societies are 

developing alongside new technology every day. New 

technology needs greater power which in turn increases the fuel 

cost of the power plant. Power generation and transmission cost 

are increasing day by day, which incurs a greater cost for 

customers [1]. Burning fossil fuel in every generating station 

produces a large amount of greenhouse gasses. Emission of 

CO2 is increasing due to burning of fossil fuel which may 

increase the temperature of the environment by 20-60 Celsius 

up to the year 2100 [2]. The cost of electric power can be 

reduced using renewable energy sources like wind, solar, and 

hydropower nuclear reaction. Solar energy is considered a low-

cost system with less maintenance and lower energy loss [3]. 

Photovoltaic systems play a vital role in ensuring a peaceful and 

clean environment because they do not contribute to global 

warming [4]. Moreover, a Photovoltaic (PV) power system 

represents a popular renewable energy system. Solar power 

demand increases day by day due to such advantages as (i) 

direct electric power access, (ii) little maintenance cost, and 

(iii) no noise [5]. The PV operation provides maximum power 

to its load. The output current and voltage depend on the 

radiation of the sunlight and the temperature of the solar cell 

[6]. Upon increase in sunlight radiation, the current of solar cell 

increases; in addition, when the temperature increases by the 

sunlight, the voltage of the solar cell increases. This paper runs 
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the power performance of PV module in MATLAB to prove 

the potentiality of solar cells in near future 

 

2. SIMULATION OF PV MODULE 

For simulation purposes, an equivalent circuit model of PV cell 

is required, as given in Figure 1. 
 

 

Figure 1. Single diode SIMULINK model of PV cells 

 

   Table 1 shows the PV module specifications. The simulation 

employed to determine the power performance of the PV 

module is carried out in MATLAB using the specifications 

provided in the table. 

   PV array is designed when modules with various 

arrangements are connected [7]. A significant amount of power 

can be retrieved by making connections among a series of PV 

modules in a PV array [8]. The connection among a fixed 

number of PV cells is known as PV module [9] and it provides 
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no current to the load in case of any disconnection from the load 

[10]. 

The V-I characteristics curve of the solar module is shown in 

Figure 2. 
 

Table 1. Data sheet of JKM295P model 

Parameters Values 

Maximum power (Pmax) 295 W 

Maximum power voltage (Vmp) 36.6 V 

Maximum power current (Imp) 8.15 A 

Open-circuit voltage (Vop) 45.1 V 

Short-circuit current (Isc) 8.76 A 

Number of series cells (Ns) 72 

Number of parallel cells (Np) 1 

Energy band gap (A) 1.1 eV 

 

 

 

Figure 2. V-I characteristics curve of PV module 

 

   The V-I characteristics curve is obtained for the solar model 

JKM295P. Here, the main parameters include maximum short-

circuit current and maximum open-circuit voltage. On the 

maximum power point with high output efficiency, the fill 

factor should be 0.5-0.82 [11]. 

   The V-P characteristics curve is shown in Figure 3. Based on 

the power curve, it is seen that the power reaches around 300 

W with the maximum power point voltage Vm. The maximum 

power P relies on the PV module voltage V, which is the 

terminal voltage of the PV module [12]. The maximum power 

point voltage provides maximum power from the module. 
 

 

Figure 3. V-P characteristics curve of PV module 

 

   The MPPT algorithm plays a vital role in obtaining maximum 

power despite possible variations in instant radiation. MPPT 

selects the duty cycle that determines the boost converter 

switching using MOSFET [13]. Weather changes continuously 

upon every changes in radiation caused by earth rotation, which 

in turn induces changes in the PV current, voltage, and power. 

Incremental Conductance (IC) algorithm makes the array 

voltage suitable for obtaining maximum power from PV array 

[14]. PV module current and voltage are unstable if the MPPT 

algorithm is not applied. Increasing the module current can 

damage load electrical devices [15]. Installing solar power 

modules with a proper series-parallel combination can protect 

the connected electrical device. An alternating and convenient 

way of obtaining maximum power from solar array is to 

connect boost converter to the load. The block diagram for the 

whole project is shown in Figure 4. 
 

 

Figure 4. Block diagram of solar MPPT 

 

   The PV array generates the voltage and current using the 

radiation from sunlight. The unstable PV module voltage and 

current can damage the load electrical device. Therefore, the 

incremental conductance algorithm can increase the generated 

power by selecting a proper duty cycle that provides the 

required power to the electrical device. 

 

3. MATHEMATICAL MODEL OF PV MODULE 

The developed equation from the equivalent circuit is as 

follows: 

I =  Iph − Id − Ish                                                                          (1) 

where I is the photovoltaic current. The photon current and the 

diode current are denoted by Iph and Id, respectively. The shunt 

resistor current is Ish. 

   The following equation can be considered for PV module: 

I = Iph − Is{exp
q(V+IRs)

k∗Tc∗A
− 1} − Ish                                              (2) 

where Iph is the photon current which is generated by the 

sunlight radiation, q is the electric charge (1.60*10-19 C), and 

the Boltzmann’s constant k is (1.38*10-23 J/K). Tc is the cell’s 

temperature, A defines ideality factor, and Rs, Ish are series and 

shunt resistors, respectively. 

   Photon current of the PV module is developed from sunlight 

irradiation and the mathematical equation of the photon current 

is expressed as follows: 

Iph = Isc + Ki ∗ {Tc − Tref } ∗
G

Gn
                                                   (3) 

   Here, the symbols are short-circuit current (Isc), short-circuit 

current temperature coefficient (Ki), cell temperature (Tc), and 

Cell’s reference temperature (Tref). (G) and (Gn) are the solar 

irradiation and nominal solar irradiation, respectively, in 

Standard Test Condition (STC). Figure 5 shows the MATLAB 
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SIMULINK model employed in illustrating the photon current 

characteristics. The saturation current (Is) of PV cells varies 

with respect to the temperature of the solar cell. The 

mathematical equation of solar cell saturation current is as 

follows: 

Is =  Irs ∗ ( 
Tc

Tref
)3 ∗ exp ∗ {q ∗ Eg ∗ (

1

Tref
−

1

Tc
)}                            (4) 

Figure 6 shows the MATLAB SIMULINK model for saturation 

current. Irs is the reverse saturation current of the PV solar cell. 

Energy bandgap (Eg) depends on the materials used in 

semiconductor. The solar cell is made of silicon and the 

bandgap for silicon is 1.2 eV. 

Irs =  
Isc

exp∗
q∗Voc

k∗Tc∗A
−1

                                                                             (5) 

 

 

Figure 5. SIMULINK diagram for equation of photon current in PV module 
 

 

 

Figure 6. SIMULINK diagram for equation of saturation current for PV module 

 

   In the equation, the symbols are short-circuit current (Isc), 

diode ideality factor (A), and the open-circuit voltage (Voc). 

The output current and short-circuit current of PV cell result 

from sunlight radiation and cell temperature. This is developed 

by the MATLAB SIMULINK model. The PV module is made 

using the series-parallel combination. Thus, the developed 

mathematical equation for the array is given by Equation (6). 

Ipv = Np ∗ Iph − NpIs{exp
q(

V

Ns
+

IRs

Np
)

k∗Tc∗A
} − 1} − {

NpV

Ns
+IRs

Rsh
}                 (6) 

   For characterizing the output current of the PV module, the 

SIMULINK model is established in Figure 7. The equation also 

defines V-I and V-P curves that find the Maximum Power Point 

(MPP) of the PV module. The whole equation is developed by 

the MATLAB SIMULINK model in Figure 8. 
 

 

Figure 7. SIMULINK diagram for equation of reverse saturation current for PV module 
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Figure 8. SIMULINK model for equation of PV load current 

 

4. INCREMENTAL CONDUCTANCE AS AN MPPT 
SOLUTION 

The output current and the voltage of the PV module vary with 

respect to the continuous change of the solar radiation and 

temperature. To stabilize the output voltage and to obtain the 

maximum power from the PV module, an MPPT algorithm is 

required to transfer maximum power to the load. The unwanted 

duty cycle is modified so that the MPP can be implemented 

fully. To meet the MPP condition, the duty cycle needs to be 

adjusted for obtaining the fixed position, because rapid 

variation of duty cycle may hamper the function of the device 

connected to load. The SIMULINK model together with the 

MATLAB function of MPPT algorithm is shown in Figure 9. 

   Incremental Conductance (IC) of MPPT algorithm is 

designed to achieve maximum power in different weather 

conditions. The block diagram of Incremental Conductance is 

shown in Figure 10. 
 

 

Figure 9. MPPT SIMULINK model with MATLAB function 
 

 

 

Figure 10. Incremental Conductance MPPT algorithm 

 

   The incremental conductance algorithm can fix the output 

more rapidly than the Perturb and Observe (P & O) algorithm 

method [16]. This model is used to ensure the Incremental 

Conductance (dI/dV) of PV array to measure the power 

changes with respect to the change in voltage (dP/dV), where 

(I/V) is the array conductance or instantaneous conductance 



Md.T. Hossain et al. / JREE:  Vol. 8, No. 4, (Autumn 2021)   101-107 
 

1 

[17]. MPPT is designed with the boost converter. Boost 

converter boosts the input voltage to make it equal to the load 

voltage. The buck converter decreases the output voltage to 

increase the output current [18]. 

 

5. BOOST CONVERTER FOR PV MODULE 

The MOSFET works like a switch, as shown in Figure 11. 

When the switch is turned off, diode works as reverse bias 

resisting current flow. However, when the switch is turned on, 

diode is in forward bias which results the current to the load. 

Inductor and capacitor values are constant for measuring the 

duty cycle. 
 

 

Figure 11. Boost converter of PV module 

 

   Duty cycle D can be measured through the following 

equation: 

Duty cycle, D=1-
Vout

Vin
∗                                                                   (7) 

Output voltage is Vout, Input voltage is Vin, and  is the 

efficiency of the boost converter. 

   Capacitor value can be determined using the following 

equation: 

C=
Io(max)∗D

Fs∗Vc
                                                                                       (8) 

   Io (max) is the maximum output current, Fs is the frequency, 

and Vc is the capacitor ripple voltage ranging from 1 % to    5 

% of output voltage. 

Inductor, L=
Vmin∗D

Fs∗Il
                                                                           (9) 

   Vmin is the minimum voltage and IL is the ripple inductor 

current. The ripple current value varies from 20 % to 40 % of 

inductor current based on the rule of Thumb. 

 

6. SIMULATION RESULT FOR PV MODULE WITH MPPT 
SOLUTION 

Figure 12 shows simulation for output duty cycle. As 

mentioned earlier, IC reaches the MPP very faster than Perturb 

and Observe (P & O) algorithm method. 

   Here, Figure 13 defines the maximum current characteristics 

due to the Incremental Conductance (IC) algorithm in MPPT. 

   Similarly, Figure 14 shows the output power characteristics 

obtained in the load depending on the output current and 

voltage of the solar cell. 

 

 

Figure 12. Duty cycle 
 
 

 

Figure 13. Maximum output current characteristics 
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Figure 14. Maximum output power characteristics 

 

7. CONCLUSIONS 

The aim of every resource is to generate more power in a cost-

effective manner without damaging the environment and to 

improve PV module to distribute a significant generation of 

electric power. Incremental Conductance (IC) provides 

maximum power with different weather conditions in different 

critical places. This study investigated whether the incremental 

conductance would work faster and provide maximum power 

with different radiation degrees of sunlight. The boost 

converter provided maximum efficiency and reliability in 

reducing the ripple current and voltage. Load-connected 

electrical device was saved by boost converter and load resistor 

was added to deliver limited power. Overall observation of this 

SIMULINK investigation indicated that some factors like low 

power generation cost, low maintenance cost, immunity against 

climatic variations were helpful in developing economic 

changes. 
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