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ABSTRACT

The recent trends of energy usage are shifting towards the usage of conventional forms of energy source also
called as renewable energy resources. Among the renewable energy sources the Solar cells and solar energy play a
very dominant role for the key to a sustainable future of this planet because of its abundance and inexhaustible source
of energy. In this paper the fill factor and conversion efficiency for four types of solar cells with respect to a varying
temperature is analyzed. The SIMULINK model of the fill factor and conversion efficiency is very much useful to
study the fill factor and the conversion efficiency of the different solar cells by analyzing and comparing the solar
cells under different conditions.
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1. INTRODUCTION

Energy is the ability of the matter to do work; it is the sole reason for various actions that take place in this
universe. It is present all around and its presence cannot be seen but can be only felt. Energy is essential for the
sustenance of life on earth. The main property of energy is that it is always conserved and energy can neither be
created nor can it be destroyed. Energy has the property to travel only in one particular direction hence it is considered
to be unidirectional, energy can be converted from one form to another very easily. Energy can be transferred from
one body to another; energy has different shades such as thermal energy, wind energy, nuclear energy, electrical
energy, chemical energy, electromagnetic or radiant energy. Due to population outburst in our planet the need of
more electrical energy has become a very pressing issue and is of a major concern for all the countries. The increase
of electricity consumption has outranked the production or generation of electricity which gives rise to electricity
demand. The growing energy demand is likely to increase to 25% in the next two decades with most of population
growth occurring in countries like China, India, US. The Energy consumption has been predicted to increase by a
factor of 40% and more by the year of 2035. Even though renewable energy will emerge to displace the current usage
of forms of energy it is predicted that the world will still depend on the fossil fuels for the next 5 decades. In India
the electricity generation was 6, 23,819 GWh during 2005-2006 and the production rose to 7, 45,626 GWh during
2008-2009 and further increased to 9, 63,722 GWh during 2012-2013. The increase in electricity consumption rose
to 4, 11,887 GWh-8, 52,900 from 2006 to 2013 by 9.53%. The growth of industries also contributes for the rise in
electricity demand which mainly rely on electricity for functioning. But when trying to satisfy the energy needs of
the globe the environmental conditions of the planet are being compromised this leads to deterioration of the entire
biological things on this planet. Hence to satisfy the human energy needs and to safeguard the environment of the
planet humans have shifted their focus of energy source from conventional to renewable sources of energy. Though
it is not efficient compared to conventional sources of energy but it is considered to be the best and safe choice for
energy source for the day. The very best choice of renewable source of energy is the solar energy because it is
inexhaustible and very much abundant, the sun which is the source of solar energy retains with itself the harmful
products from nuclear fusion and the purest and clean form of radiant energy is being made to incident on the earth.
the solar energy can be entrapped by the use of solar cells which has the capacity to convert the sunlight directly to
electrical energy; but the efficiency of the solar cells are very less that it is not sufficient enough to fulfill the needs
of human beings hence the appropriate choice of the solar cells is necessary to meet human demands. To choose the
correct solar cell its characteristics and the variation of them at different conditions must be studied.

2. METHODS & MATERIALS

Method of study: Various solar cells are taken and their Open circuit voltage V.. and Short circuit current densities
Jsc are noted down. The study of different types of solar cells gives us a hint to choose the appropriate type and model
of solar cell. The variation considered in this SIMULINK modeling is the temperature. The solar cells are studied
under a varying temperature conditions from 20° Celsius to 45° Celsius incremented by 1° Celsius during the
SIMULINK modeling. The types of solar cells taken for the study are: PbS quantum dot solar cell; Nano crystalline solar
cell; Mono crystalline silicon solar cell; Amorphous silicon solar cell.

The fill factor and the conversion efficiency of these solar cells are studied under a varying temperature condition
which gives us the property of these solar cells and their output under a varying condition such as temperature.
Below gives the tabulation which reveals the open circuit voltage and the short circuit current densities of the solar
cell.
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Table.1. Circuit voltage/current of Different Solar Cells

Solar Cell Open circuit voltage (Vo) | Short circuit current density (Js)
PbS quantum dot solar cell 0.7V 24 mA/cm?

Nano crystalline silicon solar cell | 0.532 V 28.8 mA/cm?

Mono crystalline silicon solar cell | 0.62 V 36.1 mA/cm?

Amorphous silicon solar cell 0.9V 16.75 mA/cm?

Fill factor: It is defined as the ratio between the maximum power generated and the product of open circuit voltage
and short circuit current density. The fill factor varies for different solar cell materials. The fill factor is also defined
as the as the ratio between the actual power to the theoretical power. For an ideal solar cell the fill factor must be
high because it is directly proportional to the conversion efficiency. The fill factor can be formulated as below

FF = Y0P oy

Voo Is
Where, Vi, = Maximum voltage generated by solar cell; Jmp = Maximum current density generated by solar
cell; Vo = open circuit voltage; Jsc = short circuit current density.
On considering the fact that the solar cell works as an ideal diode the fill factor can also be formulated as
== - voc—-In(voc+0.72)
voc+1

Where, vo. = V0C- € /(kt) ; € = electric charge; K = Boltzmann’s constant; T = temperature.

Fig.1. MATLAB Simulation Model of Conversion Fig.2. MATLAB Simulation Model of Fill Factor
Efficiency
Conversion efficiency: The conversion efficiency is defined as the ratio between the maximum power generated by
the solar cell to the power incident on it. Generally the power incident on the solar cell is taken as 1000 W/m? and
the power generated by the solar cell varies from each solar cell because there is a variation in the fill factor amongst
the solar cells. Hence the conversion efficiency also varies from one cell to another. The conversion efficiency plays
a very vital role in decided the solar cell when placed under a varying temperature conditions.

Conversion efficiency can be formulated as
_Jsc.Voc. FF

Pin
Where, Jsc = short circuit current density; Vo = open circuit voltage; F.F = Fill factor; Pi, = input power.

3. RESULTS
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Fig.3. Graph of Fill Factor Vs Temperature for Different Types of Solar Cells
On plotting the temperature on x-axis and conversion efficiencies of the solar cells on the y=axis we get a graph

like the one below
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Fig.4. Graph of Conversion Efficiency of Different Types of Solar Cells
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Inference from the graph: From the above plotted graphs it is evident that the mono crystalline silicon solar cell
have the capacity to convert maximum amount of solar light to electricity by having a conversion efficiency of
18.7%-18.4%, followed by PbS quantum dot solar cell of CE 14.2%, then the amorphous silicon cell of CE 13.3%
and the last is Nano crystalline silicon solar cell having a CE of 12.3%.

The fill factor of these solar cells is also calculated. The amorphous silicon solar cell has a fill factor of 0.876
followed by PbS quantum dot solar cell having FF of 0.849 then the mono crystalline solar cell having FF of 0.832
and the last is Nano crystalline silicon solar cell which has FF of 0.813.

It is evident from the above results that PbS quantum dot solar cell have a better performance in both the fill
factor and the conversion efficiency under the varying temperature conditions whereas the Nano crystalline solar
cells show poor conversion efficiency and fill factor.

4. CONCLUSION

The MATLAB/SIMULINK modeling of the fill factor and the conversion efficiency of four different types
of solar cells are done, the output is obtained as graphs containing the temperature vs. the conversion efficiency and
the fill factor. The open circuit voltage and the short circuit current densities are predetermined vales which are used
in this paper. The mathematical modeling is made easy by SIMULINK and it is very useful for choosing the correct
type of solar cell under different temperature conditions by analyzing the plotted graphs.
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