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 Abstract- This work deals with the performance and responses of a grid connected photovoltaic (PV) plant in normal and distributed modes. 

The system is composed of a solar array, a boost converter and a three phase inverter connected to utility grid. An active and reactive power 

control approach (PQ) has been presented for inverter. This method can provide a current with sinusoidal waveform and ensure a high quality 

factor. Therefore, the grid interface inverter transfers the energy drawn from the PV into the microscopic energy representation methods. The 

simulation under MATLAB/SIMULINK result shows the control performance and dynamic behavior of grid-connected PV system in normal 

and distributed modes. 
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I. INTRODUCTION 

The fossil fuel and nuclear fission are the energy sources 

which are needed to produce electric power. The burning of 

fossil fuel produces the harmful gases and other toxic metals 

to the environment. In case of nuclear fission, material will 

remain deadly for thousands of year and produces 

radioactive waste. Renewable energies are playing a vital 

role in supplying the world’s required power demands.  The 

photovoltaic power generation system keeps growing in the 

last few decades to produce promising source of energy. 

Solar energy is so enormous and free in most parts of the 

world has become economical source of energy in many 

applications. On a clear sunny day the sun's radiation 

reaching on the earth can be 3000 watts per square meter 

depending on the location. The photovoltaic process is 

completely solid state and self-contained and there is no 

moving parts and no materials are consumed. Ancient 

civilization used solar energy for various purposes. 

 

Because of the above mentioned advantage the photovoltaic 

system is growing exponentially worldwide. It is recognized 

as a promising source of renewable energy. Majority of 

nations have installed the grid connected photovoltaic 

system to provide alternate source of energy. Of course, the 

main drawback of the grid connected photovoltaic system is 

variable irradiance and ambient temperature, so it must be 

supplemented by the additional technology to supply the 

demand curve. 

 

1 SOLAR POWER GENERATION IN INDIA 

India’s produced solar energy was less than 1% of the total 

energy demand in 2007.The grid-connected generated solar 

energy as of December 2010 was 10 MW.  25.1 MW and 

468.3 MW solar energy productions were added in 2010 and 

in 2011 respectively. Installed grid connected solar power 

had increased to 2,766 MW by end September 2014 and 

expected to install by 2017 an 10,000 MW additional and a 

total of 20,000 MW by 2022.  

 

2 Photovoltaic array modelling 

One of the main ways to use the solar energy is the use of 

photovoltaic systems or briefly PV. Photo means light and 

voltaic means electricity. All these cells have one or more 

electric fields that result in making voltage. The 

phenomenon that generates electricity because of light 

without using the driving mechanism is called photovoltaic 

and any system using this phenomenon is called 

photovoltaic system. Using photovoltaic systems gives us 

the ability to keep the environment clean, because the 

photovoltaic power generation system has very little side 

effects on nature and unlike fossil fuels that are non-

renewable and will be finished one day. Recently, the 

system of source connection to PV network has become one 

of the growing sectors in residential applications in Europe, 

Japan and America. PV system can operate in any weather 

condition. It is true that in the cloudy or rainy weather, 

amount of electricity production decreases; however, this 

amount is never less than 25% of maximum capacity of 

energy generation system during a day. While in normal 

conditions, it will generate electricity up to 80% of 

maximum generation amount. 

 

 
 

Fig. 1 Current-voltage characteristic and power-voltage 

solar array during temperature changes 

 

Figure 1 shows the effect of temperature changes on the 

characteristic curve shows a solar module, as has been noted 

an increase in temperature leads to a reduction of the open 

circuit voltage of the module and also reduce the maximum 
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power point voltage, resulting in reduced power output of 

module. 

 
 

Fig. 2 Current-voltage characteristic and power-voltage 

solar array during the incident light intensity changes 

 

Figure 2 shows the effect of changes in the intensity of 

incident light on the characteristic curve of the solar array, 

as has been observed, decreasing in the light intensity, 

leading to reduce the photovoltaic flow and thus reducing 

the output power. 

 

I. PV CELL MODEL 

 

 
 

Fig. 3 power curve in terms of voltage or current of the PV 

array 

 

 

 
 

Fig. 4 The equivalent circuit of a solar cell 

 

(1) DRPph I-I-I=I
 

(2) 
P

mSm

RP
R

I R+V
=I

 

(3) 






















1-

V  m

I R+V
exp I=I

T

mSm
sD


 

 

 

3 MAXIMUM POWER TRACKING (MPPT) 

To implement a system that has the ability to track the 

maximum power point, it is necessary that the system 

has components including PV array, DC/DC converter 

and  a programmable controller to apply algorithms of  

MPPT. 

 
 

Fig. 5 Block diagram MPPT controller 

 

The performance of solar arrays is defined by two I-V and 

P-V curves. Those methods are called MPPT (maximum 

power point tracking). The mentioned problem in MPPT 

methods is to find voltage of maximum point automatically 

(VMPP) or current of maximum point (IMPP) of 

photovoltaic is affected by light and temperature changes in 

order to achieve maximum output power (PMPP).  

 

4 Control of the boost converter with MPPT controller 

From the characteristic I-V and P-V curves of photovoltaic 

modules, it is shown that there was a unique point for the 

maximum power (PMPP). This point is defined as the 

maximum power point (MPP) with the optimal voltage Vmpp 

and the optimal current Impp. perturb and observe are used: 

reduced perturbation step size, variable step size, three 

points weights comparison methods and optimized sampling 

rate.  

 

Fig.3.22described the flow chart of perturb and observe 

method. At the input, there are the photovoltaic voltage and 

photovoltaic current. The power is then calculated from 

those two parameters. The sign of the power determines the 

duty cycle output of the MPP controller. In simulation, the 

duty ratio of the boost converter is the control variable. 

Perturbing the duty ratio of the converter perturbs the PV 

array current Ipv and consequently perturbs the PV array 

voltage. The initial value of the duty cycle and PV power 

are given. The voltage and current of the PV array are 

measured first and then the power P is calculated. The 

power is then compared with the previous value. If the 

difference is positive, the duty cycle is incremented. The 
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switch used is ideal and the boost output voltage is supposed 

to be constant. The range of the duty cycles limited between 

zero and one to ensure that the boost will step up the input 

voltage within limit. 

 
 

Fig.3.21: Flow chart for P&O  

 

5 SVPWM Modulation Strategy 

The three-phase power inverter is the same represented in 

Fig.3.14.There are six power switchesS1 to S6. Each of 

them are controlled by individual switching variables which 

are obtained from the principles of space vector PWM. The 

three-phase voltage in abc reference frame should be 

represented in dq reference frame for the Space vector 

PWM. The output voltages can be represented in the space 

as set of vectors. These vectors correspond to switching 

combinations for the inverter switches. There are eight 

combinations for the voltage output as is made evident in 

Fig.3.16.  

 

The three phase output voltages in the full bridge inverter at 

any instant of time can be represented by a set of eight base 

space vectors as per the eight positions of switching in terms 

of the inverter. The principle of Space vector PWM is one 

cycle of the output voltage that can be represented by six 

sectors (60˚ each). A rotating reference voltage Vref that is 

calculated through an estimate based on 3 adjacent vectors 

represent the desired output voltage. 

 

 
 

Fig.3.16 Eight switching states 

 

 
 

 
 

Fig.4.1: Proposed grid connected PV system 

 

II. RESULTS AND DISCUSSION 

In this chapter, simulation results of developed grid 

connected PV system under different conditions i.e. under 

different temperature, irradiation level are presented to 

validate the developed controls and MPPT for the proposed 

model. The boost converter acts as a MPPT tracker is 

developed. Maximum power tracking for different 

environmental conditions is confirmed by the optimal power 

extracted from the PV array and low ripple content in the 

PV power output around MPP. Fig 1 shows the grid 

connected PV system model using Matlab/Simulink 

environment. 

Start

Initialize P.V.I.D.

Measure
V(t), I(t)

P(t)=V(t)od(t)

(t)=P(t) – P(t-1)P

yes
P(t) 0> D=D+Dinc

no

D=D–Dinc

Updates values P, V, I

V  = [0 0 0]0

V  = [1 1 0]2

V  = [0 1 1]4

V  = [1 0 1]6 V  = [1 1 1]7

V  = [0 0 1]5

V  = [0 1 0]3

V  = [1 0 0]1

q  axis

V3

(-1/3, 1/ 3)
(010)

V2

(110)
(-1/3, 1/ 3)

V4

(011)

(-1/3,0)

(-1/3, -1/ 3)

V5

(001)

V6

(101)

(-1/3, -1/ 3)

V1

(100)

(2/3, 0)  d axis

3

(000)

V0

2

T2

 1

T1
V-

(111)
4

5

6

Vref

http://www.ijrmee.org/


International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                                  ISSN: 2349-7947 

Volume: 3 Issue: 2                                                                                                                                                                           023 – 028 

_______________________________________________________________________________________________ 

26 
IJRMEE | February 2016, Available @ http://www.ijrmee.org                                                                 

_______________________________________________________________________________________ 

6 Steady state operation of grid connected PV system: 

In this case the performance of grid connected PV system is 

investigated under constant solar irradiance G= 1000 W/m2, 

T=25°C with MPPT algorithm.  The PV array is operated at 

maximum voltage of 25V, maximum current of 8 A, thus, 

has a maximum output power of 2,00W. When the system is 

in steady state, the solar insolation is 1000 W/m2, and the 

environmental temperature is 25
0
C. From figure it is clear 

that in case of steady state operation, the operation point of 

PV panel is just its maximum power point. The efficiency of 

the proposed system depends on the intensity level. When 

the irradiance level is high, the proposed system can deliver 

more power to the electric grid.  

 

 
Fig.4.4:PV voltage at steady state 

 

 
Fig.4.5:PV current at steady state 

 

 
Fig.4.6:PV power at steady state 

 

 
Fig.4.8:Inverter voltage  at steady state 

 

 
Fig.4.9:Inverter current at steady state 

 

 
Fig.4.10:Grid voltage  at steady state 

 

 
Fig.4.11:Grid current  at steady state 

 

7 Dynamic operation of grid connected PV system 

In this case the performance of the grid connected PV 

system is investigated under variable solar irradiance and 

ambient temperature. The PV array is operated at maximum 

voltage of 25 V ,maximum current of 8 A and maximum 
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power of 200 W. The main objective of the implementation 

of simulation was to investigate the dynamic response of the 

proposed system at variable irradiance and environmental 

temperature. When cloud passes by and blocks direct 

sunlight from hitting the PV panel this type of situation 

arises. The solar panel was subjected to sudden change in 

insolation level from 1000 to 200 W/m
2
. An immediate 

effect on solar current and solar voltage due to the sudden 

change in insolation level at 0.005 sec has shown in Fig .  

 

 
Fig.4.15:PV voltage  at dynamic state operation 

 

 
Fig.4.16:PV current at dynamic state operation 

 

 
Fig.4.17:PV power at dynamic state operation 

 

 
Fig.4.18: Gate pulse for IGBT of boost converter at dynamic 

state operation 

 

 
Fig.4.19:Inverter voltage  at dynamic state 

 

 
Fig.4.20:Inverter current  at dynamic state 

 

 
Fig.4.21:Grid voltage  at dynamic state 

 

 
Fig.4.22:Grid current  at dynamic state 
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III. CONCLUSION 

From Available power distribution standalone and grid 

many MPPT techniques are used, to select a particular 

MPPT for a system deals with cost, reliability, speed and 

safety of the system. Paper gives us a brief description PV 

panel working with Grid along with MPPT  The whole 

panel  MPPT-Grid tied system is created in 

MATLAB/Simulink.  PV panel Simulink block under gone 

I_V, P-V characteristic check and results similar to real time 

conditions is obtained.  
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