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Abstract
The photovoltaic solar energy (PV) is the most direct way to convert 
solar radiation into electricity and is based on the photovoltaic 
effect. The maximum power point tracking of the PV output for 
all sunshine conditions is a key to keep the output power per 
unit cost low for successful PV applications. Grid-connected PV 
systems always have a connection to the public electricity grid via a 
suitable inverter because a PV module delivers only dc power.This 
Paper Presents the New Design; Development and Performance 
Analysis of an Grid Connected PV Inverter. The experimental 
results are tested Vasireddy Venkatadri Institute of Technology, 
Nambur, Guntur. The experimental results prove that the proposed 
system can reduce the Energy Consumption drastically from the 
electricity board and give a reliable support to the Grid.
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I. Introduction
Photovoltaic (PV) cells are made of special materials called 
semiconductors like silicon, which is currently the most commonly 
used. Basically, when light shines on the solar cell a percentage 
of this solar energy is absorbed into the semiconductor material. 
This energy now inside the semiconductor knocks electrons loose 
allowing them to flow freely. This flow of electrons is an electrical 
current. This current, combined with the cell’s voltage (which 
is a result of its built-in electric field or fields), determines the 
power (or wattage) that the solar cell can produce. 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 
[4].
An average home has more than enough roof area for the necessary 
number of solar panels to produce enough solar electricity to 
supply all of its power needs. Assisted by an inverter, a device 
that converts the direct current (or DC current), generated by a 
solar panel into alternating current (or AC current), solar panel 
arrays can be sized to meet the most demanding electrical load 
requirements.
For obtaining high power, numerous such cells are connected in 
series and parallel circuits on a panel (module) area of several 
square feet, Fig. 1. The solar array is defined as a group of several 
modules electrically connected in series- parallel combinations 
to generate the required current and voltage.

Fig. 1: Cell Interconnection

Fig. 2: Example of PV Array

They are ruggedly built and last for decades when properly 
maintained. Last, but not least, of the benefits of solar panels and 
solar power is that, once a system has paid for its initial installation 
costs, the electricity it produces for the remainder of the system’s 
lifespan, which could be as much as 15-20 years depending on the 
quality of the system, is absolutely free! For grid-tie solar power 
system owners, the benefits begin from the moment the system 
comes online, potentially eliminating monthly electric bills or, and 
this is the best part, actually earning the system’s owner additional 
income from the electric company.
With the downward trend in the cost of solar energy and 
appreciation for the need for development of solar power, solar 
power projects have recently been implemented. A significant 
part of the large potential of solar energy in the country could 
be developed by promoting grid connected solar photovoltaic 
power systems of varying sizes as per the need and affordability 
coupled with ensuring adequate return on investment. It has been 
installed 100KWp grid connected solar photovoltaic power plant 
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on the roof top terrace of first solar power generating plant in south 
coastal Andhra pradesh area at Vasireddy Venkatadri Institute of 
Technology, Nambur, Guntur as a pilot project.

II. Photovoltaic System Topologies
There are two types of PV systems: stand-alone system and grid 
connected system. Stand-alone photovoltaic [7] powered systems 
with peak PV powers can have from milliwatts to several kilowatts. 
They do not have a connection to an electricity grid. If the systems 
are used only during the time when the radiation is sufficient to 
supply the system with electric power directly, a storage system 
is not necessary. This also applies to the situation in which the 
product delivered by the system can be stored.
Stand alone system require many components that make up a 
complete solar system, but the main items are: solar modules, 
charge controller(s), battery(s) and inverter(s).The solar modules 
are physically mounted on a mount structure and the DC power 
they produce is wired through a charge controller before it goes on 
to the battery bank where it is stored. The two main functions of a 
charge controller are to prevent the battery from being overcharged 
and eliminate any reverse current flow from the batteries back 
to the solar modules at night. The battery bank stores the energy 
produced by the solar array during the day for use at anytime of 
the day or night. The inverter takes the DC energy stored in the 
battery bank and inverts it to 120 or 240 VAC to run your AC 
appliances. Figure 3 shows the required components for standalone 
system.

Fig. 3: Stand Alone System

Grid-connected PV systems [8] always have a connection to the 
public electricity grid via a suitable inverter because a PV module 
delivers only dc power. Normally there are almost no effects of the 
PV systems on the grid affecting power quality, load-on lines, and 
transformers, etc. However, for a larger share of PV in low- voltage 
grids, as in solar settlements, these aspects need to be taken into 
account. From a technical point of view, there will be no difficulty 
in integrating as much PV into low- voltage grids as the peak 
load of the respective segment decentralized grid-connected PV 
systems, central grid-connected PV systems [1, 5]. Decentralized 
grid-connected PV systems have mostly a small power range 
and are installed on the roof of buildings (flat-roof installation) 
or integrated into building facades Central grid-connected PV 
systems have an installed power up to the MW range. With such 
central photovoltaic power stations it is possible to feed directly 
into the medium or high voltage grid [6, 9]. Fig. 5 indicates grid 
connected system.

Fig. 4: Residential Grid Connected System

Grid-connected systems generally use a billing process called “net 
metering” or “net billing.” In this process, any energy generated 
by the solar modules that your home does not use immediately is 
sent to the utility grid. However, when the solar electric system 
is producing less power than is needed, you can draw additional 
power from the grid. If your system is connected to the grid through 
a single electric meter, your meter can actually run backwards as 
you contribute excess energy to the utility. The excess electricity 
is being credited to you at the same retail rate as the electricity 
you use from the utility. Your utility may require the use of two 
meters—one that meters your consumption of energy from the 
grid and the other that meters your contribution to the grid. In 
this case, your solar-generated excess energy could be credited 
at the retail rate or possibly at a lower wholesale rate, depending 
on the utility.
Solar electric systems sometimes produce more electricity than 
your home needs. This extra electricity is either stored in batteries 
or fed into the utility grid. Homeowners can be given credit by 
their local power companies for the electricity produced at their 
homes through “net metering” programs.

III. Integration of PV Power With Grid
The output power from SPV would be fed to the inverter which 
converts DC produced by SPV array to AC and feeds it into 
the main electricity grid after synchronization. In case of grid 
failure, or low or high voltage, solar PV system shall be out of 
synchronization and shall be disconnected from the grid. Once the 
DG set comes into service PV system shall again be synchronized 
with DG supply and load requirement would be met to the extent of 
availability of power. Inverter shall have the software and controls 
capable of operating the complete system for safe and efficient 
operation and includes the Islanding protection, Over voltage/ 
under voltage protection, Ground fault/short circuit protection 
system, communication equipment such as modems, web box 
etc. The grid connected PV Power generation requires DC-DC 
converter, DC-AC Inverter, control circuit representations are 
illustrated in fig. 5.
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Fig. 5: Grid Connected PV Power Generation

DC reverse polarity protection, Grid monitoring of all the phases & 
pole sensitive residual current monitoring unit, protection against 
voltage fluctuations in the grid & protection against internal 
faults in the power conditioner, operational errors and switching 
transients etc.
The solar power would be used locally in VVIT on working days 
to the extent of load in the building and the generation over and 
above the requirement of the building would be fed into the grid. 
On the week end and other holidays, almost the entire energy 
from the SPV module would be fed into the grid.

IV. Grid Connected Solar Power Generation System
With reference to fig. 6, a connected solar power system diagram, 
the power cogeneration system configuration is similar to the 
hybrid system [10]. The essence of a grid-connected system is 
net metering. New electric meters make use of digital electronic 
technology that registers power measurement by solid-state 
current- and voltage-sensing devices that convert analog measured 
values into binary values that are displayed on the meter bezels 
by Liquid Crystal Display (LCD) readouts.
In general, conventional meters only display power consumption; 
that is, the meter counting mechanism is unidirectional.Net 
metering the essential difference between a grid-connected system 
and a stand-alone system is that inverters, which are connected to 
the main electrical service, must have an inherent line frequency 
synchronization capability to deliver the excess power to the 
grid.

Fig. 6: Grid-connected Hybrid Solar Power System With Standby 
Generator

Net meters, unlike conventional meters, have a capability to record 
consumed or generated power in an exclusive summation format; 
that is, the recorded power registration is the net amount of power 
consumed. The total power used minus the amount of power that 
is produced by the solar power cogeneration system. Net meters 
are supplied

V. Functional Description of SPV Power System
The grid interactive roof top solar PV system [5] generally 
comprises the following equipment.

SPV Power Source• 
Inverter (PCU)• 
Mounting Structure• 
AC and DC Cables• 
Earthing equipment /material• 
Junction Boxes or combiners• 
Instruments and protection equipments• 

Photovoltaic solar system use the light available from the sun to 
generate electricity and feed this into the main electricity grid or 
load as the case may be. The PV panels convert the light reaching 
them into DC power. The amount of power they produce is roughly 
proportional to the intensity and the angle of the light reaching 
them. They are therefore positioned to take maximum advantage 
of available sunlight within sitting constraints. Maximum power is 
obtained when the panels are able to ‘track’ the sun’s movements 
during the day and the various seasons. However, these tracking 
mechanisms tend to add a fair bit to the cost of the system, so a 
most of installations either have fixed panels or compromise by 
incorporating some limited manual adjustments, which take into 
account the different ‘elevations’ of the sun at various times of 
the year. The best elevations vary with the latitude of the load 
location.
The power generating capacity of a photovoltaic system is 
denoted in Kilowatt peak (measured at standard test conditions 
of solar radiation of 1000 W per m2). A common rule of thumb is 
that average power is equal to 20% of peak power, so that each 
peak kilowatt of solar array output power corresponds to energy 
production of 4.8 kWh per day (24 hours x 1 kW x 20% = 4.8 
kWh)
Solar photovoltaic modules can be developed in various 
combinations depending upon the requirements of the voltage 
and power output to be taken from the solar plant.

Fig. 7: Solar Inverter and Control Circuit

Fig. 7 illustrates the 30 KV inverter and control circuit of 
Photovoltaic power generating



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g 40   InternatIonal Journal of educatIon and applIed research

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

A. Inverter
The DC power produced is fed to inverter for conversion into AC. 
The output of the inverter must synchronize automatically its AC 
output to the exact AC voltage and frequency of the grid.

B. Protection and Controls
i. Inverter shall be provided with islanding protection to isolate it 
from the grid in case of no supply, under voltage and over voltage 
conditions so that in no case there is any chance of accident, 
PV systems shall be provided with adequate rating fuses, fuses 
on inverter input side (DC) as well as output side (AC) side for 
overload and short circuit protection and disconnecting switches 
to isolate the DC and AC system for maintenances are needed.
Fuses of adequate rating shall also be provided in each solar array 
module to protect them against short circuit.

C. Details of Roof Tap Solar Plant
Location
State: Andhra Pradesh
Locality: Nambur Village, Pedakakani Mandal, Guntur District, 
Andhra Pradesh, India.
Name of the facility: Vasireddy Venkatadri
Institute of Technology.
Latitude: 16.30º N Longitude: 81.40º E

1. Area for Solar PV Power Plant
Site: Rooftop of EEE, ECE, CSE and IT Blocks
Solar Plant Capacity: 4 no’s of 25 kWp Plant Area: Each 25 kWp 
plant occupies 250 m2

2. SPV Power Plant
Output: 100 kWp
No. of Modules: 400
No. of Modules in Series: 20
No. of Modules in Parallel: 20

3. Technical Details of a SPV Module
(i). PV Module type:
Poly Crystalline
(ii) Physical Dimensions:
Length with frame:  1.639 m
Width with frame:  0.982 m
Thickness:                          0.04 m
(iii) Electrical Parameters of each module:
Maximum power rating:  250 WP 
MPP Current:  8.4 A
MPP Voltage:  29.9 V
Short circuit current: 8.75 A
Open circuit voltage: 37.25 V
(iv) Mounting arrangements:
Mounting:  Fixed
Mounting Structure:  Hot dip Galvanized Iron
Tilt angle (slope):  17.00º Inverter / Power Conditioning 
Unit (PCU) Type:  3 phase, IGBT based with 2 MPPT 
Grid tied Inverters
Rated Capacity:   30 kWp
Number of Units:  4
DC Input voltage:  598 V AC Output voltage: 415 V 
Frequency:   50 Hz Efficiency: 98.7%

4. Grid & Load Interconnection Details
Electrical parameters for interconnection:  415 V, 3Ph ,50 Hz
Interconnection Point: Existing Distribution Board of each 
block

5. Cost Estimates
Total project cost :  130 Lakhs
Capital Subsidy :   39 Lakhs
Net project cost :   91 Lakhs

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. 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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