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Abstract— One of the alarming issues of this hour is paucity of conventional energy resources and hence switching to 
Renewable Energy sources from the conventional ones is compelling. Among the renewable resources, solar energy is 
abundantly available. It is the cleanest resource of energy. This paper deals with economical and efficient method of 
production of electricity from solar energy by installing solar panels containing arrays of PV (photovoltaic) cells that are made 
of silicon. The electricity produced by these PV modules is DC (Direct Current), which needs to be converted to AC 
(Alternating Current) for domestic and commercial use. Here comes the role of Power Electronics. It’s a key technology, which 
is responsible for converting DC produced by PV cells to AC for eventual use at power grid in an economically efficient 
manner. To meet the optimum conditions of least losses in conversion and transmission to grids, Power Electronics (boost 
converter, solar inverters etc.) play a vital role, which will be discussed in this paper.  
 
Index Terms— AC (Alternating Current), DC (Direct Current), PV (Photovoltaic), 
 
I. INTRODUCTION 
 
Today the entire world is worried about Carbon 
emission. Steps are being taken by many developed 
countries to reduce carbon emission by switching to 
clean and green fuel options. India and China being 
developing countries and having a high GDP growth 
rate forecast, are still nowhere near in switching from 
non renewable to renewable energy resources. Carbon 
emission is not the only problem; scarcity of fossil fuel 
energy resources is also a major concern. Moreover, 
continuous extraction of non-renewable energy and 
conversion to electrical energy has caused hazardous 
environmental issues, which cannot be ignored. And if 
continued in such a pace, it will lead to an 
environmental catastrophe. Thus, like our 
counterparts, we too have to start switching to 
renewable energy resources, like solar energy, wind 
energy, hydro energy etc.  
But choosing an alternate energy resource doesn’t just 
depend upon our whim but basically on availability of 
these resources, which vary from place to place. In 
India, wind power accounts for nearly 8.6% of India’s 
total installed power generation capacity. India is the 
7th largest producer of Hydropower in the world. The 
present Installed capacity as on 31 March 2016 is 
42,783 MW that is 14.35% of total utility electricity 
generation capacity in India. And about Solar power, 
as of 31st May 2016, the cumulative installed grid 
connected solar power capacity is 7568 MW. 
Government funded solar electricity in India was 
approximately 6.40 MW per year as of 2005. With 
about 300 clear, sunny days in a year, India's 
theoretically calculated solar energy incidence on its 
land area alone is about 5000 trillion-kilowatt hour 
(kWh) per year. The state of Gujarat has 
commissioned Asia’s largest solar park at Charanka 

village. Now the question is what is the efficient way to 
use this inexhaustible solar power. This power can be 
used by trapping solar energy and converting it to 
electrical energy with the help of power electronic 
devices. Advances in Power electronics are playing a 
vital role in converting voltage, frequency and phase of 
electricity, produced from PV modules, to suit 
respective application.  
 
II. BASICS OF SOLAR POWER   
 

 
Fig.1 Schematic diagram of a solar power generation 

 
This system basically consists of Solar panels that 
collect solar radiation from the sun and convert solar 
energy to electrical energy. Solar panels are comprised 
of Solar cells (PV Cells), which are arranged in arrays. 
Several arrays are connected in series to form modules. 
These solar cells work on the principle of 
semiconductors. When these cells are exposed to 
sunlight, the p-n junction diode converts this solar 
energy into electrical energy. The energy generated 
when photons strike the surface of solar panels, allows 
electrons to get excited out of its orbit and due to the 
electric field these electrons produce a directional 
current and this effect is called Photovoltaic effect. 
 
Solar modules produce DC. These are then fed to DC/ 
DC boost converter which steps up the output voltage 
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of solar panel to the level of the DC link voltage. 
Depending on the incidence of light on solar panel, the 
MPP tracker (maximum power point) controls the 
operating point in such a way that the product of 
output voltage and output current is the maximum 
(most efficient). This DC link voltage is then fed to a 
solar inverter consisting of  

 
MOSFET/ IGBT/SCR that converts it into AC supply.  
The output of this is then fed as single phase or 3 phase 
to low voltage systems or via a step up transformer to a 
medium voltage system. 
Photovoltaic systems, used for isolated operation with 
stand-alone inverters are not coupled to the power grid 
and work independently or are synchronized with 
other power generators like diesel generators or wind 
power plants and energy storage units. 
System designs using hybrid inverters are currently 
gaining importance. These have battery storage 
connected to DC link via a DC/DC converter. 
Depending on the solar panel area, output, light 
conditions, the interconnection of solar cells with 
inverters is in different structures:- 
 
A. Module Inverter 
A single-phase inverter with low output is connected to 
each individual solar module with extremely varied 
orientation and shading, e.g., on vehicles. 
 
B. String Inverter  
         

 
Fig.2 Block diagram of a single phase PV string inverter 

 
Single-phase inverter is used with MPP tracker for 
typical power outputs ranging from 0.5 kW to 5 kW for 
a string of solar modules connected in series. This type 
of configuration is widely used in rooftop photovoltaic 
systems. Different topologies are used for locations 
and applications that are different in nature.  

1. Multistring Inverter  

 
Fig.3 Block diagram of a Multi-string PV system 

      
Single-phase or three-phase inverters with several 
MPP trackers for multiple strings of interconnected 
solar panels. This topology is usually used in medium 
size rooftop or ground based systems. The three-phase 
inverters are available for outputs ranging between 3 
kW to 30 kW.  
 

2. Central Inverter 

Fig.4 Block diagram of a PV system with Central Inverter 
 
This topology is used where large three-phase inverter 
system are used with outputs ranging from 60 kW to 
1MW, with several MPP trackers e.g., for large solar 
farms. 
 
III. MAXIMUM POWER POINT TRACKING 
 
MPPT is a technique used in PV Solar systems to 
maximize power output under all conditions. The 
central problem resolved by MPPT is that the 
efficiency of power transfer from the solar cells 
depends on both the amount of solar energy falling on 
the solar panels and the electrical characteristics of the 
load (I-V curve). The variation in sun rays incident on 
solar panels results in changes in load characteristics 
that gives the highest power transfer efficiency. Thus, 
the efficiency of the system is optimized when the load 
characteristics changes to keep the power transfer at 
highest efficiency. This load characteristics is called 
the Maximum Power Point. MPPT is the process of 
finding this maximum power point and keeping the 
load characteristics there at the knee point. Electrical 
circuits are designed to present random loads to the PV 
cells and then covert the voltage, current, or frequency 
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to match other systems and MPPT chooses the best 
load suitable to the cells in order to produce maximum 
output power. 
Solar cells have a non-linear I-V curve. It is the 
function of the MPPT to sample the output of PV cells 
and apply proper load to obtain maximum power for 
different environmental conditions. MPPT devices are 
integrated into an electric power converter in which 
there is provision of voltage or current conversion, 
filtering, and regulation for driving loads e.g., power 
grids, batteries, or motors. 
Solar inverters convert DC to AC power and may 
incorporate MPPT to sample the output power (I-V 
curve) from the solar modules and apply proper load. 

 

   
Fig.5 I-V curve for PV cells where a line intersects the knee of the 

curves where the maximum power transfer point is located. 
 
PV cells have a complex relationship between the 
maximum power they can produce and their operating 
environment. The Fill Factor, abbreviated as (FF), is a 
parameter that characterizes the non-linear electrical 
behavior of solar cells. Fill factor is the ratio of the 
maximum power from solar cells to the product of 
Open circuit voltage Voc   and Short circuit current 
Isc. 
               P= FF * V oc   * I sc   
 
For different operational conditions, PV cells have a 
single operating point where the values of current and 
voltage of the cell results in a maximum power output. 
These values correspond to a particular load, which is 
equal to V/I as per Ohm’s Law. The power P is given 
by P= V*I. According to basic circuit theory, optimum 
power is delivered from or to a device where the 
derivative (graphically the slope) dI/dV of the I-V 

curve is equal and opposite of the I/V ratio (keeping 
dP/dV=0). This is known as the Maximum power 
point (MPP), the Knee of the curve. Load with 
resistance R=V/I, equal to the reciprocal of this value 
draws the maximum power. This resistance is known 
as characteristic resistance of the PV cells. This 
quantity changes frequently depending upon the level 
of illumination, temperature, and the age of the cell. If 
the load resistance is higher or lower than this 
characteristic resistance, then power drawn will be less 
than the maximum power available. MPPT uses 
different types of control circuits or logic to search for 
this point and thus allow the converter circuit to 
extract the maximum power available from the cell. 

 
IV. RECENT INITIATIVES PROMOTING 
SOLAR ENERGY 

 
 Organized state owned mining corporate CIL 

(Coal India Limited) signed two agreements 
with the SECI (Solar Energy Corporation of 
India) for a 200MW solar PV plant in Madhya 
Pradesh. This is a significant move in  

 Coal India’s foray into clean energy and to 
reduce its carbon footprint.   

  As part of the National Democratic Alliance 
(NDA) government’s green energy push, India 
will award contracts for supply of 15,000 MW 
this year.  

 Gujarat, India announces subsidy for 
Residential Grid connected Rooftop solar 
systems. 

 
CONCLUSION 
 
World can be a better place to live if we go for 
renewable energy resources, as it reduces the carbon 
emission and thus, leads to a clean and green Earth. 
All this can only be achieved if initiatives are taken in 
the field of innovations and advancements in power 
electronic devices used to trap this renewable energy 
sources and convert it to usable electrical energy 
economically and efficiently.  
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