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Abstract-   The paper presents a system that converts power generated from renewable resources to a source having 
same voltage and frequency with respect to traditional power plant. The major area where the proposal is focusing 
on is the GRID TRACKING INVERTER, which is used to track the grid voltage. The power produced by the 
renewable energy resources, for example, solar panel, is converted to constant direct current with the help of a closed 
loop buck-boost converter and stored in a battery. The constant direct current is then converted to 230V/50Hz in 
synchronization with traditional mega power grid supply with the help of grid tracking inverter. Since the power 
generated has the same voltage and frequency with respect to grid, this can be used for grid synchronization. Special 
MPPT techniques are used to extract the maximum power from solar panel to achieve maximum efficiency in 
operation. This project also aims to assess an incremental conductance method to extract maximum power. With 
incremental conductance method, the number of sensors required will be reduced and presents very good transient 
performances when subjected to rapid changes in the atmospheric conditions. With this proposal power capability of 
grid can be improved and also a highly reliable, low cost power system can be obtained. 
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I. INTRODUCTION 
 

India is facing an acute energy scarcity which is hampering its industrial growth and economic progress. Setting 
up of new power plants is inevitably dependent on import of highly volatile fossil fuels. Thus, it is essential to 
tackle the energy crisis through judicious utilization of abundant renewable energy resources, such as biomass 
energy, solar energy, wind energy and geothermal energy. Apart from augmenting the energy supply, renewable 
resources will help India in mitigating climate change. India is heavily dependent on fossil fuels for its energy 
needs. Most of the power generation is carried out by coal and mineral oil-based power plants which contribute 
heavily to greenhouse gases emission.
Decentralized energy generation or Micro generation, also called “micro power”, is the generation of zero or 
low-carbon electrical power by individuals, small businesses, and communities to meet their own needs. The 
most widely used micro generation technologies include small wind turbines, solar power photovoltaic or 
biomass conversion systems that have been promoted for decades as alternative sources of renewable energy. 
Because of technological advances, micro generation now includes hand held solar and wind power recharging 
devices for personal electronics, as well as advanced photovoltaic, biomass and wind-turbine systems for 
domestic and industrial power generation. 
The voltage and frequency generated from the renewable energy resources exhibits instability and fluctuates or 
ceases unexpectedly. For e.g. the solar power is available only in sunny bright day time and is not available at 
night. The power produced from the solar panels may be feeble in misty, rainy and winter seasons. Wind and 
tidal energies are stipulated to the weather and we cannot predict its presence, speed and direction. Also power 
from solar panels will be low voltage, direct current (DC) and cannot be applied to AC machines.
The objective of this proposal is to develop a system that can convert power generated from renewable energy 
resources to a supply having same voltage, frequency with respect to a traditional power plant. The project 
mainly focuses on the grid tracking inverter where DC-AC conversion takes place.  
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Despite all the advantages presented by the generation of energy through the use of PVs, the efficiency of 
energy conversion is currently low and the initial cost for its implementation is still considered high, and thus it 
becomes necessary to use techniques to extract the maximum power from these panels, to achieve maximum 
efficiency in operation. It should be noted that there is only one point of maximum power (MPP – Maximum 
Power Point), and this varies according to climatic condition. Extraction of maximum power is a complex task. 
This paper also aims to assess an improved incremental conductance method to extract maximum power. 

    This paper can be a solution for the problems and rising energy needs of Indian industries. The proposal 
is as follows.

a. Convert the power produced by the renewable energy resources to constant direct current. 
b. Store this energy in a battery. 
c. Convert the power in the battery to 230V/50Hz in synchronization with traditional mega power grid’s 

supply with the help of grid tracking inverters. 
Since the power generated has the same voltage, frequency with respect to grid, this can be used for 

grid synchronization. A low cost grid tracking inverter can be developed with following details. If the system is 
implemented by each consumer, massive power can be uploaded to the grid in day time, the peak load time, thus 
we can reduce the consumption of fossil fuels, water and nuclear fuels. The consumer can buy electricity as well 
as sell it. Consumers need to pay if and only if his consumption is greater than production. Otherwise the power 
distribution agencies will credit his account for his excess production.  

  
 

 

 

 

 

 

 

 

 

 

Fig.1 Basic block diagram of grid synchronization 

 

A. Literature Survey- 

Renewable resources produce a varying DC voltage with which grid synchronization is not practical. 
Considering the case of India, the grid voltage is 230V, 50Hz whereas, in some European countries, the grid 
voltage is 110V, 60Hz. In India, grid synchronization is possible only if the voltage from renewable resource is 
230V, 50Hz. So for grid synchronization additional equipments must be provided along with the renewable 
resource in order to convert varying DC voltage to a voltage of 230V, 50Hz.  

For obtaining a voltage of 230V, 50Hz it is necessary to incorporate additional equipments. A DC-DC 
converter and a DC-AC converter are the additional equipments used for this purpose. A DC-DC converter is 
used to convert variable DC voltage to constant DC voltage. A DC-AC converter is used to convert the constant 
DC voltage to a voltage of 230V, 50Hz. 

Some of the drawbacks in existing systems are no closed loop control, voltage variation is transferred 
to output, one controller and housing have to be spending for each unit, large filters, increase of switching losses 
and high current ripples, complicated control of DC bus voltage, low cost and high efficiency are not achieved 
with these system, additional complex circuits and no power capability improvement. 

 
B. Proposed System- 
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      Even though there is many sources for electric power this paper focus on the solar power system.  The 
idea of the paper is to fill up the power shortage in a domestic grid supply during day time due to increased 
power consumption.  The proposed system will convert power generated from sunlight to 230V/50Hz. 
     However this is a knotty task to achieve this goal. Solar panel is one of the power generating units in 
our system. This section contains an array of photovoltaic cells that absorbs the energy in the photons and 
converts it into electric potential. The voltage from solar panels depends on weather and fluctuates in presence 
of clouds. Hence we have to regulate the voltage of the power generated from the solar panels. This regulated 
voltage can be stored in a battery for future production. Also battery will provide proper sourcing current. 
      For proper regulation of output voltage a closed loop buck- boost dc-dc converter must be used. Since 
conventional buck converters are able to buck upto half of the total voltage and conventional boost converters 
are able to boost up to twice the voltage, lack of reliability occurs so conventional buck-boost, buck or boost 
converters are not used for this proposal.  
      Over charging of battery will be controlled by dc-dc converter. Battery is the storage media of power. 
This battery can be either rechargeable batteries or super capacitors. E.g. lead acid, nickel cadmium, nickel 
metal hydride. 
      The next step is to invert the power stored in the battery to alternating current using power electronic 
circuits. During this process output voltage and frequency of the system in the same level as the grid’s supply. 
Hence we have to monitor the values of both grid and output voltage and frequency. 
      This paper utilizes inverter topology to convert the direct current from the battery to alternating current 
of the same voltage and phase angle of the grid. This in turn requires high power solid state switches, typically 
MOSFETs or IGBTs. This proposal utilizes any of such power modules in our inverter section to switch the 
output transformer. The output transformer will be a step up transformer for obtaining proper output voltage. 
Zero crossing detectors will control the switching. 
a .Solar Panel- 

Solar panel absorbs the energy in the photons by an array of photo voltaic cells and converts it into 
electric potential. Solar cells are connected electrically and encapsulated as a module. Photovoltaic modules 
have a sheet of glass on the front side which allow light to pass while protecting the semiconductor wafers from 
abrasion and impact due to wind-driven debris, rain, hail etc. Solar cells are also usually connected in series in 
modules, creating an additive voltage. Connecting cells in parallel will yield a higher current [13][20]. 
The solar cell works in three steps. 
1. Sunlight contains photons that hit the solar panel and are absorbed by semiconducting materials, such as 
silicon. 
2. Electrons are knocked loose from their atoms which cause an electric potential difference. Current starts 
flowing through the material to cancel the potential and this electricity is captured. Due to the special 
arrangements of solar cells, the electrons are only allowed to move in a single direction. 
3. An array of solar cells converts solar energy into a usable amount of direct current (DC) electricity. 
 
b. DC-DC Converter- 

The voltage from the solar panels depends on weather and fluctuates in presence of clouds. Hence the 
power generated from the solar panels must regulate. This can be done with the help of dc-dc converter. The dc-
dc converter is used to convert variable power produced by renewable energy resources to constant direct 
current. And for reliable operation of the system this power must be stored in a battery. Proper care must be 
taken in order to prevent over charging and leakage of the battery to the solar panel in absence of light. 
The DC-DC converter can be classified into: 
1. Buck converter 2.Boost converter 3.Buck-boost converter 4.Cuk converter 
     Buck converter acts as step down chopper. It is used to step down the voltage. But there are certain 
limitations with conventional buck converter. If V is the voltage at the input side, it can step down the voltage 
only upto V/2 .Boost converter acts as step up chopper. It is used to step up the voltage. Conventional boost 
converters have certain limitations. If V is the voltage at the input side, it can step up the voltage only upto 2V. 
Buck-boost converter acts as both step up and step down chopper. It is used to step up as well as step down the 
voltage. Conventional buck-boost converters have certain limitations. If V is the voltage at the input side, it can 
step up the voltage only upto 2V or step down the voltage only upto V/2. The Cuk converter is similar to buck-
boost converter. It provides an output voltage that is less than or greater than the input voltage, but the output 
voltage polarity is opposite to that of the input voltage. 

All the above converters transform voltage, and not the current. So for achieving MPP, various MPPT 
techniques have been used. Fixed Duty Cycle, Constant Voltage, Perturb and Observe (P&O) and Modified 
P&O, Incremental Conductance (IC) and Modified IC, Ripple Correlation and System Oscillation methods are 
the various MPPT techniques [9][12][15]. Of these, P and O method is simple and much less complicated. Rest 
all methods are complicated and costlier when compared to P and O method. But the drawback of P and O 
method is that it can’t track accurate MPP. So in order to overcome these drawbacks one method is use of high 
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frequency transformers. These transformers are able to transform both current and voltage. Thus power is 
transformed. Second method is use of a closed loop dc-dc converter with MPPT. In this paper the second 
method is adopted with a closed loop Boost converter. 

Usually buck operations are not done. So buck converters are not used. With buck-boost converter and 
cuk converter 77-82% efficiency is obtained for MPPT. But with boost converter 85-90% is obtained for MPPT. 
It is because of this reason boost converter is preferred.  
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Fig.2 Flowchart for incremental conductance method. 
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Fig.3 Closed loop boost converter 

 

The basic principle of a Boost converter consists of 2 distinct states: In the On-state, the MOSFET is 
ON, which results an increase in the inductor current. In the Off-state, the MOSFET is OFF and the only path 
offered to inductor current is through the flyback diode D, the capacitor C and the battery. This result in 
transferring the energy accumulated during the On-state into the capacitor. The input current is the same as the 
inductor current. So it is not discontinuous as in the buck converter and the requirements on the input filter are 
relaxed compared to a buck converter. 

c. Grid Tracking Inverter- 
The grid voltage is step down to a low voltage and is given to a zero-crossing detector. The outputs 

from the zero crossing detectors are square wave. Now a positive half cycle and a negative half cycle is 
obtained. 
     The integrated power switching module and step up transformer together perform the function of push-
pull inverter [5][7][16][11]. The two MOSFETs are alternately switched so that one of the primary coil of the 
transformer will conduct at a time. So the two MOSFETs need driver circuit. It is done with the help of 
transistor or on- off controllers. When transistor is ON or on- off controller is OFF, corresponding MOSFET is 
OFF. When transistor is OFF or on- off controller is ON, corresponding MOSFET is ON. The output of the grid 
tracking inverter is compared with the grid voltage.        
 
                                                                                            

 
 

Fig.4 Circuit diagram for grid tracking inverter. 
   
Grid voltage > inverter voltage and positive half cycle determines switching of MOSFET 1. 
Grid voltage < inverter voltage and negative half cycle determines switching of MOSFET 2. Thus coil 1 and 
coil 2 of transformer primary will conduct. Resulting tracked positive and negative half cycle. 
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III EXPERIMENT AND RESULT 

A. Simulation Software and Simulation results- 

 
 

           Fig.5 Simulation circuit diagram for grid tracking inverter in PSIM 
 

 PSIM is simulation software designed for power electronics, motor control, and dynamic system 
simulation. PSIM covers circuit level and system level simulation [7][13]. PSIM uses a strong algorithm 
dedicated to electrical circuits (piecewise method, generic models and a fixed time- step). As a result, simulation 
times are significantly reduced, convergence problems avoided while results accuracy is saved, one can rapidly 
get reliable results conformed to own expectations and requirements. With fast simulation and friendly user 
interface, PSIM provides a power simulation environment to address the simulation needs. The output voltage 
from the inverter and the grid voltage are equal in magnitude (Fig.7) and have same frequency. So this can be 
used for grid synchronization. The switching frequencies of MOSFET’s are high. This frequency depends on 
slew rate of operational amplifier. The total harmonic distortion (THD) is less than 1.8 %( Fig.10). With FFT 
analysis came to conclusion that second harmonics are eliminated. 

 

 
 

Fig.6 Battery voltage 24Vdc 
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Fig.7 Grid voltage and inverter voltage 230V, 50Hz 
 

 
Fig.8 Output voltage from zerocrossing detector 1 and zero crossing detector 2 

 

 
 

Fig.9 Switching pulses for MOSFET 1 and MOSFET 2 
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Fig.10 THD analysis 

 
 

Fig.11 FFT analysis 
 
 

 
B.  Hardware results 

 

Fig.12 Waveforms of grid voltage and zero crossing detector 

 

Fig.13 Waveforms of grid voltage and switching pulses of MOSFET 1 

 

Fig.14 Switching pulses of MOSFETs 
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  Fig.15 Waveforms for grid voltage and inverter voltage for inductive load 

Fig. 16 Waveforms for Grid voltage and inverter voltage at overload condition with resistive load 

       Fig.17 Waveforms for grid voltage and inverter voltage for capacitive load 

 

Fig.18 Hardware for the proposed system 

 
IV. CONCLUSION 

       With this proposal a low cost grid tracking inverter is developed for grid synchronization which can reduce 
the overall cost of renewable power system and also the power capability of the grid can be improved. If the 
proposed system is implemented by each consumer massive power can be uploaded to the grid in day time, the 
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peak load time, thus we can reduce the consumption of fossil fuels, water and nuclear fuels. The paper is 
concluded by highlighting the key features and advantages. 
       This is the only solution up to date because of the following reasons. Solar energy is renewable and is 
available almost 6 hours every day. It is free. It is green energy, non-polluting and echo friendly. No byproducts 
or waste during operation. Cheap and can be implemented by every electricity consumers. Maximum energy 
production at peak load time. We can save our planet by saving fossil fuels and water during day time. The 
consumer can buy electricity as well as sell it. Consumer need to pay if and only if his consumption is greater 
than production. Otherwise the power distribution agencies will credit his account for his excess production. 
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