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Abstract: 

Renewable energy in  recent year has become more and more common, due to the pollution and depletion in  the level of fossil 

fuels. In  this project we are going to use solar energy and the application o f that energy with the reliable, efficient way. Normally 

the total power i.e. active and reactive is taken from the grid. The entire system will be simulated in MATLAB/SIMULINK 

environment. The calculation of harmonics as well efficiency will be done accordingly. 
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I. INTRODUCTION 

 

The growing interest in environmental issues and the energy 

market have led to a growing share of grid connected hybrid 

power system in  the public power network. Alternative sources 

of electric power are fuel cell (FC), W ind energy, solar energy, 

Biomass energy etc. Solar (photovoltaic) energy is a major 

renewable energy source at the front of stand-alone and 

distributed power systems. Photovoltaic (PV) power systems 

are dependent on climatic conditions and their output depends 

on the time of year, time of day and the amount of clouds. The 

main idea of the control strategy is to utilize the PV energy to 

the maximum by using maximum power point tracker (MPPT) 

and the rest of the power that cannot be met by the PV should 

be supplied by the grid. 

 

II. LITERATURE S URVEY   

 
A. A modeling of photovoltaic module using MATLAB 

 

The PV module is the interface and which converts solar 

energy into electrical energy. PV module or array as one device 

in a complex ‘‘electro -energetic system’’. In PV model require 

irradiance and temperature as input variables and the output 

can be current, voltage, power. The PV model is the single 

diode model with both series and parallel resistors for greater 

accuracy. Equivalent circu it of a solar cell is a current source in 

parallel with a diode is as shown in  Fig. 1. The output of the 

current source is direct ly proportional to  the light falling on the 

cell. The Diode determines the IV characteristics of the cell. 

The characteristic I (V) is a non-linear equation with multiple 

parameters. The output current is obtained by the expressions. 

The number of parameters varies depending on the chosen 

model and on the assumptions. Most of the parameters that 

depend on the incident solar radiation and the cell temperature 

and the voltage given to initially or for the starting of model.  

 

           
 

a) Ideal single diode model            b) Practical model with Rs     

 
c) Practical model with Rs and Rp 

Figure. 1. Equivalent circuit of a solar cell and PV device 

 

To evaluate the expressions there are erro r will be occur which 

can be eliminated by Newton Raphson Method. After the 

modelling and simulation of the PV cell and module by 

MATLAB / Simulink got the I-V characteristic and P-V 

characteristic of the PV cell.  In  this literature survey paper will 

implementation of the solar cell output current equation [1]. 

 
B. MATLAB/Simulink Based Modeling of Solar 

Photovoltaic Cell 

 

This paper focuses on a MATLAB/SIMULINK model of a 

photovoltaic cell. The equivalent circuit including a 

photocurrent source, a diode, a series resistor and a shunt 

resistor. The model is based on mathemat ical equations. The 

model can also be used to extract the physical parameters for a 

given solar PV cell as a function of temperature and solar 

radiation. With no pollutant emission, Photovoltaic cells 

convert sunlight directly to electricity. The photovoltaic cells 

are basically made up of a PN junction. PV cell generates a 

voltage around 0.5 to 0.8 volts depending on the semiconductor 

and the built-up technology. PV cells (involving 36 to 72 cells) 

are connected in series to form a PV module. These modules 

can be interconnected in series and/or parallel to form a PV 

panel. The focus of this paper is on solar cell modelling, the 

effects of the variation of the solar radiation, the influence of 

temperature on the PV cell outputs are investigated, The effects 

of the series and shunt resistance, the effects of the d iode 

reverse saturation current are studied, The model features and 

its experimental validation. In this paper we see MATLAB 

Simulink and the process of that done by the given all the 

parameter which is used for that simulat ion and better 

understanding all the equation simulate in s mall circuit and 

after that it all combines and give the output related to it and its 

effect to vary ing the values of current, voltage or other 

parameter [2]. 
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C. Evaluating MPPT converter topologies using a MATLAB 

PV model 

 

This paper is used for the evaluating MPPT by comparison of 

buck versus boost converter topologies using MATLAB PV 

model. An accurate PV module electrical model is presented 

based on the Shockley diode equation. In this paper the model 

evaluation in MATLAB is demonstrated for a typical 60W 

solar panel. Th is model is used to check the variation of 

maximum power point with temperature and insulation levels. 

Boost converter has slight advantage over the buck converter. 

Boost converter can track the maximum power point. The 

Solarex MSX60, a typical 60W PV module, was chosen for 

modelling. The module has 36 series connected polycrystalline 

cells. By  using MATLAB programming the current is then 

evaluated using the parameters, and the variables Voltage, 

Irrad iation, and Temperature. The Newton Raphson method 

used converges much more rap idly, and for both positive and 

negative currents. A maximum power point tracker (MPPT) is 

a power Electronic DC-DC converter inserted between the PV 

module and its load to achieve optimum matching. There are 

certain MPPT converter topologies like Buck MPPT converter 

and Boost MPPT converter for evaluate Maximum power Point 

(MPP). On the brightest day, the boost and buck MPPT 

converters collecting approximately 4% more energy than the 

direct connection on the brightest day. On the dull day, the 

buck connection achieves same outcome as direct connection 

whereas boost converter collecting approximately 6% more 

energy than the direct connection and buck converter. Hence, 

the boost converter’s efficiency advantage of always being able 

to track the MPPT is trivial in practice [3]. 

 

D. Maximum power point tracking simulation for PV 

applications using Matlab Simulink 

 

Maximum power point tracking MPPT technique is used to 

find the voltage VMPP  or current IMPP  at which a photovoltaic 

module should operate to obtain the maximum power output 

PMAX under a g iven temperature and illumination (solar 

irradiation). The Fig. 2 shows a block diagram for an 

elementary photovoltaic system with an MPPT control. The 

system is based on a solar array, a DC-DC converter and a load. 

In our case the power supplied by the photovoltaic generator 

corresponds to the maximum power PMAX generated and then 

transferred to the load. 

 
Figure.2. Block diagram for an elementary photovoltaic 

system with an MPPT command  

The system calcu lates the power at from the measurements of 

IPV and VPV, and compares it  and stored in memory. From 

memory, a new duty cycle D is calculated and applied to the 

static converter. MPPT controller performs a permanent 

monitoring of the MPP, the variations of the output power of 

the photovoltaic generator and adjust the duty cycle of the 

static converter and thus ensure the matching between the 

photovoltaic generator and the load [4]. 

 
E. DC-DC Boost converter with constant output voltage for 

grid connected photovoltaic application system 

 

The main purpose of this paper is to introduce an approach to 

design a DC-DC boost converter with constant output voltage 

for grid  connected photovoltaic applicat ion system. The boost 

converter is designed to step up a fluctuating solar panel 

voltage to a higher constant DC voltage. The boost converter 

will be able to direct couple with grid-tied inverter for grid 

connected photovoltaic system as shown in below figure.  

 
Figure. 3. Block diagram of a grid connected PV application 

system 

 

The output voltage of a solar panel is varying depending on sun 

irradiation and temperature. Since the voltage produced is 

fluctuating, a lot of electronic equipments are unable to be 

directly connected. Therefore, a DC-DC boost converter with 

constant output voltage is needed. The boost converter will step 

up the solar panel voltage to the suitable voltage required by 

electronic equipments. The boost converter is able to produce a 

constant output voltage of 24 V from a variable voltage of solar 

panel. The boost converter is able to deliver power with the 

highest efficiency of 95% [5]. 

 

III.SIMULATION AND OUTPUTS  

 
A. Solar Cell Modeling 

 

Solar cells made of a p-n junction fabricated in thin layer of 

semiconductors, whose electrical characteristics differ very 

litt le from a diode represented by the equation of Shockley. 

Thus the simplest equivalent circuit of a solar cell is a current 

source in parallel with a d iode as shown in Fig. 4. So the 

process of modelling this solar cell can be developed based on  

Equation. 

 
 Figure. 4. Equivalent model of Solar cell 

 

                                         (1) 
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                         (2) 

 

Where; 

IPV, CELL= Current generated by the incident light 

IDIODE= Shockley d iode  

I0, DIODE= Reverse Saturation or leakage current  

q= Electron Charge (1.6021*10-19) 

k= Boltzmann constant (1.3805*10-23) 

T= Temperature o f the PN junction diode 

α= Ideality constant (between 1 to 2) 

 

In practical model of PV array several components are 

connected in series or parallel so in  solar cell requires the 

additional components are Rs and Rp.  

 

                        (3) 

The light generated current of the model depend on 

irradiation G and also temperature.   

 

                                                        (4) 

 

Where; 

K1 is the temperature coefficient of short circuit current 

G is the irrad iance (W/m
2
) 

Gn is the irradiance at standard operating conditions. 

The diode saturation current Io  dependence on temperature can 

be expressed as 

              (5) 

Where; 

Eg is the band gap energy of the semiconductor  

Io,n is the saturation current 

 

              (6) 

So, 

              (7) 

 

Where; 

Voc is open circuit voltage 

ISC,n is the short circuit current 

Vt,n is the thermal voltage 

Tn is the temperature at standard operating condition 

 
Figure. 5. Simulation model of solar cell 

In the above simulat ion model main ly three inputs are given 

they are voltage, sun which is irrad iation and temperature 

which is shown in  simulat ion model.  We module PV model 

which is made by implementing the  theory equation and in this 

all the parameter remain constant and evaluating equations and 

find the output current of one PV cell. In this model one sun is 

equal to 1000 irradiance and for in itial temperature or reference 

temperature is 28
*
C. [6] 

 
B. Output of solar cell 

 

In this part we observe the output obtained by only solar cell 

and we obtained this output by implementing the solar cell  

equation. By implementation we found output current of one 

cell and by that we connect parallel to capacitor and found the 

output voltage. By current and voltage we get output power of 

one solar cell. In this section we found output current, voltage, 

power, P-V characteristic and I-V characteristic. 

 

 Output current of solar cell 

 

Fig. 6 which shows the output current with respect to time and 

in this starting current or maximum current will be reach in the 

region of 0 to 400 seconds and the value of the maximum 

current is 3.8. After 400 seconds the current gradually decrease 

and it will reach min imum current at 700 seconds and the value 

of that current is zero. 

 

 
Figure. 6. Output current of solar cell 

 

 Output voltage of solar cell 

 

Fig. 7 which show the output voltage with respect to time and 

in this starting voltage will init ially zero and it increase linearly 

at time period of 0 to 550 seconds . Then it will reach its 

maximum value 21V. After that it remains constant. 

 

 
Figure. 7. Output voltage of solar cell 

 

 Output power of solar cell 

 

Fig. 8 which show the output power with respect to time and in 

this starting power which initially zero and it  increase linearly 

at period of 0 to 450 seconds. Then it will reach maximum 

value at 450 seconds and the value of maximum power will be 

nearer to 60 Watt. After it decrease suddenly and reach its 

minimum value or zero at 700 seconds. 
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Figure. 8. Output power of solar cell 

 

 P-V characteristic of solar cell 

 

Fig. 9 which show the P-V characteristic of solar cell in this 

initially power at starting point is zero. It will linearly increase 

for voltage value of 17 Volt and at that point power will reach 

its maximum value 60Watt. After reaching  maximum value it 

will sudden decreases and reaches its minimum value is zero  at 

that point voltage value is 21 Volt and power is zero.  

 

 
Figure. 9.  P-V characteristic of solar cell 

 

 I-V characteristic of solar cell 

 

Fig. 10 which show the I-V characteristic of solar cell in this 

initially current at maximum value 3.8 A. It will remain 

constant for the period of 16 to 17 Volts and after that current 

will decrease suddenly reach at zero at 21Volt. From I-V 

characteristic will give its maximum efficiency at nearer point 

of 3.7Ampere current and 18 Volt voltages. 

 

 
Figure. 10.  I-V characteristic of solar cell 

 

Conclusion of the solar cell is to modulate fo r its maximum 

efficiency we merge the I-V and P-V characteristic and find its 

maximum efficiency. 

 
C. Simulation circuit of PV array  

 

We connect the solar cell in  series or parallel and make a PV 

array. Due to this type of connection we get higher output 

power. It can be done according to if we connect series connect 

the solar cell then the output voltage will increases and solar 

cell connect in parallel then output current increases. So we 

connect series and parallel solar cell so it  gives higher output. 

So the system will give us to higher output according to series 

and parallel connected solar cell system which shown in output. 

 
Figure. 11. Simulation model of PV array  

 
Output of PV array 

 

In this section we obtained output from the implementing the 

PV array model. 

 

 Output current of PV array 

 

Fig. 12 which show the output current with respect to time, we 

get the maximum output current 49A. 

 
Figure. 12. Output current o f PV array  

 

 Output voltage of PV array 

 

Fig. 13 which show the output voltage with respect to time, we 

get maximum output voltage 230V.  This is require in home 

appliance and this is maximum voltage of PV array remain 

constant. 

 
Figure. 13. Output voltage of PV array 

 

 Output power of PV array  

Fig. 14 which show the output power with respect to time, we 

get maximum power will be nearer to 9000 Watt. 
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Figure. 14. Output power of PV array  

 

 P-V characteristic of PV array:- 

 

Fig. 15 which show the P-V characteristic. From characteristic 

we can see that maximum power is 9000watt and maximum 

voltage 230V.  

 
Figure. 15. P-V characteristic of PV array 

 

 I-V characteristic of PV array  

 

Fig.16 which show the I-V characteristic. We get the maximum 

output current 49A and maximum voltage 230V. 

 

 
Figure. 16. I-V characteristic of PV array 

 

After study the PV array concept and modulate it  and study the 

output we required the system which is given us to maximum 

current, voltage, power fo r maximum efficiency. 

 

IV. CONCLUS ION 

 

In this pro ject we study about PV cell, PV array, MPPT, Boost 

converter of the theory and the related simulat ion procedure 

and we make the simulation of PV cell and PV array. We get 

output from simulation which is compared with theoretical 

output. For maximum power and more efficiency we will use 

MPPT and boost converter for that implementation. 
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