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Abstract—This paper provides the design details of 600W grid 

connected PV cell. Six PV cells are connected in parallel is 

considered as the source. The source voltage is then stepped up 

using a DC-DC boost converter.  The boost converter is then 

provides the voltage to a single phase inverter, which provides the 

AC signal which can be injected to the grid. 

Index Terms— PV cell, DC-DC boost converter, inverter  

I. INTRODUCTION 

The rising energy need of human being has forced the 

mankind to look for alternate energy sources. Therefore, a 

significant research is going on in renewable energy sources. 

The characteristic of renewable energy sources such as PV, 

fuel cell and wind energy and their grid integration has been 

widely studied. A comparative study of different MPPTs used 

in photovoltaic power system is reviewed in [1-3]. 

Development of different control algorithms for photovoltaic 

power system is discussed in [4-8]. Analog MPPT technique 

for distributed PV application has been discussed in [4]. 

Single stage grid connected inverter for PV application with a 

single current sensor has been discussed in [5]. Adaptive auto 

tuned MPPT for PV application with FPGA based real time 

application has been discussed in [6]. Partial shading of PV 

array using colony of flashing fireflies has been discussed in 

[8]. Not only in photovoltaic systems have other renewable 

energy system such as fuel cell found widespread application 

in generation of green energy. During rapid load changes 

there is a significant change in output energy therefore; 

research has been carried out to study the changes in voltage 

during rapid change in load profile [9]. Control and grid 

interfacing of solid oxide fuel cell has been discussed in [10]. 

FPGA based real time implementation of DC-DC converter 

connected to solid oxide fuel cell has been discussed in [11]. 

This paper provides the design details of 600W PV grid 

integrated system. In this system 6 PV panels are installed at 

the source side. The unregulated voltage from PV cell is then 

stepped up using a DC-DC boost converter. The stepped up 

voltage of the boost converter is then provided to the inverter 

which eventually provides the utility AC signal which can be 

injected to the grid.  
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LC filter is used to suppress the current and voltage harmonics 

of the inverter whereas current control and voltage control 

techniques are used for control techniques. This paper 

consists of eight sections. Section II comprises of discussion 

about PV system for distributed generation system. Section 

III provides mathematical model of different PV cells. 

Section IV presents different MPPT algorithm. Section V 

provides modeling of boost converter with PV cell. Section 

VI provides the modeling of DC-AC inverter and Section VII 

comprises of simulation results. Section VIII concludes the 

paper.  

II. PV SYSTEM FOR DISTRIBUTED GENERATION SYSTEM 

Figure 1 shows the basic concept of micro grid system. Figure 

2 shows the grid integration of PV array. PV array provides a 

low voltage unregulated DC voltage which has to be 

converted in to utility AC voltage. DC-DC converter is used 

for regulating unregulated voltage of PV array and is used to 

step up the voltage to a certain level. Maximum power point 

technique (MPPT) is used to extract maximum power from 

the PV array. There are several well-known MPPT 

algorithms. DC-AC inverter is used to invert the voltage and 

feed it to the utility grid. Feedback control of converter and 

inverter is used for proper grid integration.  

 

Fig. 1.  Schematic of microgrid system 

https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 2.  Grid integration of PV cell 

III. MATHEMATICAL MODEL OF PV SYSTEM 

The mathematical model of PV cell is discussed in this 

section. The equivalent circuit diagram of PV cell is shown in 

Figure 3. PV cell is a combination of current source with a 

diode in reverse bias mode. The physical structure of PV cell 

is equivalent to PN junction subject to irradiance and change 

in temperature.  

 

Fig. 3.  Equivalent circuit diagram of PV cell 

The current of the PV cell can be represented as, 

L D shI I I I                 (1) 

Here IL is the current generated by the light, ID is diode current 

and Ish is the shunt current.  

Diode current ID can be expressed using Shockley equation 

such as 1
dqV

nkT
D oI I e

 
  

 
          (2) 

The shunt current is defined as 
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Substituting the values in eq(1),  

1
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IV. MAXIMUM POWER POINT TRACKING 

MPPT is a method that compensates for changing voltage and 

current characteristic of solar panel and maximum utilization 

of solar energy from panel. Maximum power point tracking, 

or MPPT, is the automatic adjustment of the load of a 

photovoltaic system to achieve the maximum possible power 

output. PV cells have a complex relationship between current, 

voltage, and output power, which produces a non-linear 

output. This output is expressed as the current-voltage 

characteristic of the PV cell. Constant fluctuations in external 

variables such as temperature, irradiance, and shading cause 

constant shifts of the I-V curve upwards and downwards. A 

change in temperature will have an inversely proportional 

effect on output voltage, and a change in irradiance will have 

a proportional affect on output current.  Perturb and Observe 

(P&O) method periodically increments or decrements the 

panel voltage and compares the PV output power with that of 

the previous cycle. If the perturbation leads to an 

increase/decrease in module power, the subsequent 

perturbation occurs in the same/opposite direction. However, 

it has two parameters: the step size and the time between 

algorithm iteration. Hence, for faster tracking with accuracy, a 

trade-off is made between the two parameters. 

 

Fig. 4.  Flow chart of P&O MPPT method 

V. DC-DC BOOST CONVERTER 

DC-DC boost converter regulates and steps up the 

unregulated voltage of PV cell. In this paper, state space 

avergae model of boost converter is used to model the boost 

converter. In state space average model, the dynamics of the 

converter changes with the instantaneous change in status of 

the switch i.e S = ON or S = OFF. The state space 

representation of system when S = ON is represented by  

1 1 1 1 1
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Here the state variables are 
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When S = ON, the state space representation of boost 

converter is represented as  
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When S = OFF, the state space representation of boost 

converter is represented as 
2 2 2 2 2
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The state space representation of boost converter is shown by 

combining the two stages. It can be represented as 
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VI. SINGLE PHASE DC-AC INVERTER 

DC-AC inverter converts the regulated DC voltage to AC 

signal which is fed to the utility grid.  

 

Fig. 5.  Circuit diahram of single phase DC-AC inverter 

The first and second sub interval of single phase DC-AC 

inverter is represented below.  
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The state space average model of DC-AC inverter is 

illustrated below 
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TABLE I: Switching state of single phase DC-AC inverter 

S1 S2 S3 S4 Va Vb Vab 

ON OFF OFF ON Vs/2 -Vs/2 Vs 

OFF ON ON OFF Vs/2 Vs/2 -Vs 

ON OFF ON OFF Vs/2 -Vs/2 0 

OFF ON OFF ON -Vs/2 Vs/2 0 

 

The small signal AC model of single phase inverter is shown 

in Eq. (14) and Eq.(15) respectively.  
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                                                                     (15) 

The transfer function of LC filter is represented as  

 
2

1
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                                   (16) 

VII. SIMULATION RESULTS 

This section presents simulation results of 600W grid 

connected PV system. The system parameters are summarized 

below.  

TABLE II: Parameters of the system 

Voltage of single PV cell 19 V 

Voltage of 6 PV cell 119.7 V 

Power of 6 PV cell 592.6 W 

Current of PV cell 4.95 A 

DC-link voltage 340 V 

Power of boost converter 570.2 W 

Efficiency of boost converter 96.21 

Reference current for inverter 3.94 A 

Voltage of inverter 120 V 

Inverter current 5 A 

Efficiency of inverter 95.26 

THD of load current 4.53% 

 

Different characteristics of PV cell are simulated in this 

paper. Voltage and current of PV cell are plotted with varying 

irradiance level. The V-I characteristics of PV cell with 

varying irradiance is shown in Figure 6.  
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Fig. 6.  Voltage and current characterisitcs of PV cell 

The power and voltage of PV cell i.e P-V characteristics of 

PV cell with varying irradiance level is shown in Figure 7. 

Power and current of PV cell i.e P-I characterisitics of PV cell 

with varying irradiance level is shown in Figure 8.  
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Fig. 7.  Voltage and Power characterisitcs of PV cell 
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Fig. 8.  Power and current characterisitcs of PV cell 

Each PV array provides 19.7V DC output under normal 

condition. To increase the source voltage, 6 PV arrays are 

connected in parallel. So the output voltage of PV cell is 

increased up to 119.7V DC. The PV cell voltage is then 

stepped up to a certain level. A boost converter is used for this 

purpose. The boost converter steps up the voltage and 

provides 340V DC output. The efficiency of boost converter 

is 95.2% as the power of boost converter is 570W. Figure 9 

shows the voltage of boost converter. Figure 10 shows the 

voltage and current of single phase DC-AC inverter.  
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Fig. 9.  Output voltage of boost converter 
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Fig. 10. Output voltage and current of DC-AC inverter 

For power quality constraints, the total harmonic distortion 

(THD) of the voltage and current should be with in a limit of 

5% according to IEEE-519 standard. Figure 11 shows the 

current THD of the system which is under the 5% boundary 

condition.  
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Fig. 11. Total harmonic distortion (THD) of load current 

of DC-AC inverter 
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VIII. CONCLUSIONS 

This paper provides the design of 600W grid connected PV 

array setup. The grid connected setup comprises of 6 

standalone PV cell connected in parallel, DC-DC boost 

converter, single phase DC-AC inverter and LC filter. 

Voltage control method and current control method is used to 

control the DC-DC converter and DC-AC inverter. 

Simulation analysis is carried out and functionality of each 

and every sub module and sub system is tested and all the 

system are working in satisfactory condition with high 

efficiency.  
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