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Abstract
The studies on the photovoltaic (PV) generation are extensively 
increasing, since it is considered as an essentially inexhaustible 
and broadly available energy resource. Photovoltaic systems 
that convert Solar energy into Electrical Energy are divided 
into two main categories: stand-alone (or) off line) and grid-
connected. The first one is commonly used in rural areas and 
more often as a back-up system for situations when the grid isn’t 
available due to a natural disaster or human caused disruption. 
Even if they are capable of providing AC power for immediate 
appliance usage, most of the time these systems make use of 
energy storage devices such as large capacity batteries, where 
the energy stored during the day will then be used when sunlight 
is not available. On the other hand, grid-connected systems are 
installed in areas where the grid is present and robust, and able 
to accept energy feeding from the above described photovoltaic 
systems. Operating a Renewable System in Parallel with an 
Electric Grid requires Special Inverters. This Paper Presents 
the New Design, Development & Performance Analysis of an 
Grid Connected PV Inverter. The experimental results prove 
that the proposed system can reduce the Energy Consumption 
drastically and give a reliable support to the Grid.
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I. Introduction
Energy is one of the critical inputs for economic development 
of any country. As people are much concerned with the fossil 
fuel exhaustion and the environmental problems caused by the 
conventional power generation, renewable energy sources and 
among them photovoltaic panels and wind-generators are now 
widely used [3]. Photovoltaic sources are used today in many 
applications such as battery charging, water pumping, home 
power supply, swimming-pool heating systems, satellite power 
systems etc. They have the advantage of being maintenance 
and pollution-free but their installation cost is high and, in most 
applications, they require a power conditioner (dc/dc or dc/
ac converter) for load interface. Since PV modules still have 
relatively low conversion efficiency, the overall system cost 
can be reduced using high efficiency power conditioners. The 
Photovoltaic Technology is also the most promising candidate 
for research and development for large-scale uses as the 
fabrication of less-costly photovoltaic devices becomes a 
reality [7]. Applications of PV systems include water pumping, 
domestic and street lighting, electric vehicles, hybrid systems, 
military and space applications, refrigeration and vaccine 
storage, power plants, etc., all in either stand-alone or grid-
connected configurations. Because of constantly growing 
energy demand, grid connected photovoltaic (PV) systems are 

becoming more and more popular, and many countries have 
permitted, encouraged, and even funded distributed-power-
generation systems [1]. The technology still has shortcomings 
such as high initial installation cost and low energy-conversion 
efficiency thus requiring continuous improvements of both cell 
and power inverter technologies. As a part of this, an improved 
way of synchronizing the PV Array output with the Utility Grid 
using the Grid Tie Inverter is discussed in detail in this Paper.

II. System Description

Fig. 1: General Schematic Block Diagram 

Energy is vital for the progress of a nation and it has to be 
conserved in a most efficient manner. Among Non conventional 
energy sources, India has made notable progress in utilizing wind 
energy. However, solar-based Energy, the other potential and 
abundantly available resource, is yet to take off in the country. 
The solar photovoltaic energy is of the most decentralized nature 
among all the sources of energy in the world and harnessing 
power from solar energy is solely pollution free.
India receives about 300 clear sunny days in a year. This is 
equal to over 5000 trillion kWh/year, which is far more than 
the total energy consumption of the country in a year. The daily 
average solar energy incident over India varies from 4-7kWh/
m2, depending upon location [4].
From fig. 1, The inverter operates in parallel with the grid supply 
with the power to the local load supplied from the solar input 
via the inverter. Any excess Renewable energy will be exported 
into the grid. In the event when sufficient renewable energy is 
not available to meet the local load the grid will make up the 
shortfall. Provided the local load is not greater than the capacity 
of the grid, battery charging will automatically occur from the 
Solar PV Panel to maintain the battery bank at its float voltage 
[2]. In the event that the grid voltage or frequency moves out 
of its operating range, the grid will be disconnected and the 
load is supplied directly from the inverter / battery with no 
interruption to the power fed to the load [2].
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A. Solar PV Array

       
Fig. 2: A 3 X 300W Solar PV Array

Solar panels collect clean renewable energy in the form of 
sunlight and convert that light into electricity which can then 
be used to provide power for electrical loads. Solar panels are 
comprised of several individual solar cells which are themselves 
composed of layers of silicon, phosphorous (which provides 
the negative charge), and boron (which provides the positive 
charge). Solar panels absorb the photons and in doing so 
initiate an electric current. 

Fig. 3 : Photovoltaic Principle

The resulting energy generated from photons striking the 
surface of the solar panel allows electrons to be knocked out of 
their atomic orbits and released into the electric field generated 
by the solar cells which then pull these free electrons into a 
directional current.
This entire process is known as the Photovoltaic Effect and 
clearly displayed in the Fig. 3.
The Performance Analysis of the GTI was verified in our Electrical 
Machines Lab through proper experimental setup. The PV 
Source for this Experiment was chosen with a Capacity of 300W 
The PV Array was made with 3 Nos. of above Capacity shown 
in Fig.2. Each Panel Have 12V,24V, 48V Terminals at Output. 
Total Capacity of PV Array = 3 x 300 =900W. 48V Terminals 
of 3 Panels are connected in parallel for the Preliminary test 
of the PV Panel and gives a good result of 65% approximately. 
The test results are shown in Table 1.

Table 1 : PV Array Test Results

Before doing the testing of the Panel the Solar Insolation Level is 
also investigated in the Site choosen for the analysis, which is the 
southern part of Tamilnadu. The KNSK College of Engineering is 
situated in Nagercoil, the district head quarters of Kanyakumari. 
The Readings are tabulated in the below Table 2.

Table 2 : Solar Insolation Level at Nagercoil

B. Grid Tie Inverter
The inverter is the heart of the PV system and is the focus of 
all utility-interconnection. An inverter is a device that converts 
direct current to alternating current. The PV Inverters are 
classified into following categories,
a. Stand Alone Type - Stand alone inverter is like ordinary 

inverter which is having battery backup. These inverter 
ranges from 100W to 1000W.Low watt stand alone 
inverter are used in power laptop computers.

b. Synchronous Grid Tie Type - Synchronous inverter is a 
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special type of inverter which is specially designed for 
solar panel. This inverter is used to synchronous the output 
of PV panel and the utility. This type of Inverter can be 
connected with Battery Backup also.

It is possible to install a medium to large-sized PV array and 
remain hooked up to the utility Power Grid. The overall system 
consists of up to five main sections as described below:

1. Sinusoidal PWM
This circuit consists of Comparator, Buffer Amplifier, ZCD and 
Logic Gates. The comparator compares the reference sine wave 
and high frequency carrier wave. The reference sine wave is 
taken from the utility through a step down transformer. The 
buffer amplifier consists of op-amp and it is having unity gain. 
Hence it is called as unity gain non –inverting amplifier. ZCD is 
also made of op-amp. The inverting terminal is grounded and 
the reference sine wave is given to non –inverting terminal. 
Here 2 ZCD’s of 0 degree and 180 degree phase shift is used. 
In this circuit we use NAND gate as logic gate. The schematic 
diagram for the above description is shown in Fig. 4.

Fig. 4 : Sinusoidal PWM Circuit

Once the Carrier signal and the Sine wave signal are modulated 
in this circuit, which can develop the PWM pulses. These pulses 
are essential for the ON / OFF control of the Switching Devices. 
The Output Waveforms are shown in Fig. 5. 

       

    

Fig. 5: Output Waveform - Sinusoidal PWM Circuit

2. Opto Coupler
The Optocoupler, which is used for electrical isolation. Here 
6N137 IC is used. It is a 8 pin DIP IC Input is given across the 
2nd and 3rd pin and the 3rd pin acts as ground terminal for 

input side. Biasing voltage (+5V) is applied between 8th and 
5th pin which is taken from separate source .Here 5th pin acts 
as ground for output side. The output pulse is taken in 6th and 
5th terminal. Here SL100 NPN transistor is used for inversion 
and amplification of opto output. The output for this section 
was shown in Fig. 6.

Fig. 6: Optocoupler Output

3. Driver
The driver circuit contains IR2112 IC. This IC is high voltage, 
high speed power MOSFET and IGBT driver with independent 
high and low side reference output. The output driver feature 
a high pulse current buffer stage designed for minimum driver 
cross conduction. Propagation delay is matched to simplify 
using high frequency application. The floating channel can be 
used to drive an N-channel power MOSFET or IGBT in the high 
side configuration which operated up to 500V or 600V. The 
output of the Driver section was given in Fig. 7.

Fig. 7: Driver Circuit Output

4. Power Circuit
Fig. 8 shows the Power circuit consists of 4 MOSFET. Here IRF 
840 MOSFET is used. The 4 MOSFET are in bridge connection. 
The input is 48V DC which is taken from solar panel through 
battery. To protect this circuit snubber circuit is used. The 
output of the bridge is connected to the 48V/230V step up 
transformer.

 
Fig. 8: Power Circuit (MOSFET’s)
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The output from the Power Circuit was shown in Fig. 9. The 
Sine Wave can be obtained after passing the signal through LC 
Circuit. The Frequency of this output signal is same as that of 
the Grid Frequency. Hence after verifying the Phase and Voltage 
level, the GTI Output can be synchronized with the Grid.

Fig. 9: Sine wave output from MOSFET

5. Transformer
To obtain 230V output the step up transformer is used. Here 
12/230V, 600VA transformer is used to get 48/230V output. 
i.e 12/230V X 4=48/230V. Primary winding is series connected 
and the secondary winding is connected parallel. By this way 
we get the output of 48/230V.

C. Alternator Output as Grid 
Proper Approval from Utility Company is Mandatory Before 
Connecting the PV Generation with the Utility. Hence in order 
to Exhibit our Experiment We Choose an 3 Phase Alternator of 
Smooth Cylindrical Type ouput as the GRID which is available 
in our Machines Shop.
Rating :5KVA,415V, 6.9A, 3PHASE, 4 WIRE SYSTEM. Fig. 10 
shows the Motor – Alternator Set & Alternator Name Plate 
Details.

  
Fig. 10: Motor – Alternator Set & Name Plate

D. Site Load
Site demand generally varies from 1kW to1.5kW this demand 
is met by the grid (Alternator). At present only the critical load 
such as computers, sophisticated instruments and emergency 
lightings of the machines shop are connected with inverter 
system for uninterruptible and quality power supply purpose. 
Since all the critical loads of the laboratories are not operated 
simultaneously, the usual demand of critical load is more or 
less 0.40 kW.

E. Battery
4 Nos. of 12V Batteries connected in series are used to store 
the energy obtained from PV panels.
Type: Lead Acid Rechargeable Battery 
Rating & Connection: 12V , 35AH connected in seriesCharging 
Current: 6A Max.
The GTI is connected at the output terminals of the Battery. 
The main aim of having the battery storage in our system is 
in the event of out of synchronization; still it is possible that 

the critical loads can be operated. Even our Inverter can work 
efficiently during the day with higher sun shine without battery 
storage. In such a case it is advantage that the battery storage 
system is eliminated and gives higher savings in the Installation. 
Fig. 11 shows the Battery set used for storage purpose with 
Instrumentation system which helps the measurement of 
battery voltage & charging current. 

   

Fig. 11: Battery for DC Storage

III. Operation of GTI                  
Inverters work by taking the DC power from the source, such as 
an array of photovoltaic modules and inverting it to AC power so 
it can be fed into the grid. The inverter must also synchronize its 
frequency with that of the grid using a local oscillator and limit 
the voltage to no higher than the grid voltage. Typical modern 
GTI's have a fixed unity power factor, which means its output 
voltage and current are perfectly lined up, and its phase angle 
is within 1 degree of the AC power grid. The inverter senses 
the current of the AC grid waveform, and output a voltage to 
correspond with the grid.Grid-tie inverters are also designed to 
quickly disconnect from the grid if the utility grid goes down. This 
is an requirement that ensures that in the event of a blackout, 
the grid tie inverter will shut down to prevent the energy it 
produces from harming any line workers who are sent to fix 
the power grid. Fig. 12 shows the operation of the GTI through 
a simple single line diagram.

Fig. 12: An SLD Shows the Working of GTI

IV. Experimental Setup
The Experimental setup was developed for the performance 
analysis of GTI at our Electrical Machines Shop with the 
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following steps, The PV Panel was installed and the output of 
the PV panel is verified through proper instrumentation setup 
at the Battery End. The GTI input from Alternator and carrier 
signal generation is verified. This is required for PWM Pulse 
generation. At each stage the outputs are monitored and verified. 
The GTI output and Alternator output are connected together 
and synchronization was achieved. The Load is connected to 
this system and performance is analyzed with respect to the 
Energy Economic Benefits. The Hardware and the test setup 
were shown in Fig. 13 & Fig. 14 respectively.

Fig. 13: Hardware of Grid Tie Inverter

Fig. 14: Test Setup for Synchronization

V. Energy Economic Analysis
The energy economic analysis is made in such a way that the 
Grid connected system is in operation for a day and during 
the day, 7 Hours the energy produced from the PV Panel is 
completely exported to the Grid and 4 Hours the critical load 
was met out from the Grid partially. Tremendous amount of 
energy can be conserved and it is estimated as approximately 
30% of Energy is conserved in terms of Units Consumed.

 
 
VI. Conclusion
In the grid interactive system, the solar power which may 
be available in excess of the demand during period of high 
sunshine is fed to the grid and is utilized elsewhere. This also 
improves the grid voltage and power factor. The grid interactive 
system having some storage for the energy, obtained from PV, 
can compensate the voltage of a pure, grid connected system. 
The system has been designed to supply continuous power to 
a dedicated local load with the power to the load carrying from 
the solar array, grid, or battery bank in the order of preference. 
It is capable of operation in a grid interactive mode and will 
automatically change over to the stand alone operation without 
break in power in the event of the grid drifting out. 
It can be summarized from the analysis that grid-interactive 
photovoltaic power system could play a vital role to mitigate 
power shortage problem of the region and can enhance 
reliability of quality power supply which is essential for critical 
loads.
Performance of a grid-interactive PV system installed in the 
location under investigation will most likely be similar for all 
parts of Southern India as geographical and climatic conditions 
are almost same in this entire region. Satisfactory steady state 
performance experienced from the system in terms of energy 
conservation indicates that the grid interactive PV system is 
Economically Viable and Technically Feasible for Grid Interaction 
of Solar PV Generation. This is an innovative and a promising 
option for large scale penetration of this technology will be 
helpful to alleviate the dependence on grid.
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