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ABSTRACT

The purpose of this case study to understand the concept of solar energy. How sunlight
energy in converted into electricity using solar energy concept?

Solar energy obtained from the sun. Solar cell is the cell which is the conversion of
solar energy into electrical energy. It is an electrical device by using photovoltaic effect
(physical and chemical phenomenon). Solar cell is also known as photovoltaic cell.
Photovoltaic cell uses the energy of light (source of light can be sunlight or an artificial light)
to convert directly into electricity.

Various advantages it can bring to customer and environment are; it is clean and
non-polluting source of energy, it is a renewable energy source, solar cells do not produce
noise and they are totally silent, require very little maintenance, are long lasting sources of
energy which can be used almost anywhere, have long life time and are no fuel costs or fuel

supply problems.

OBJECTIVES

e Understand the concept of Sunlight and Solar energy
e How we can convert solar energy into electricity?
e Advantage of solar energy in today’s scenario

e The solar cell is to develop solar power device without sun and of low cost.
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INTRODUCTION

Brief on Solar Energy

Solar energy: an energy obtained from the sun (i.e., sunlight). Solar cell is the cell which is
the conversion of solar energy into electrical energy. It is an electrical device by using
photovoltaic effect (physical and chemical phenomenon).Solar cell is also known as
photovoltaic cell. Photovoltaic cell uses the energy of light (source of light can be sunlight or
an artificial light) to convert directly into electricity.

Individual solar cell devices can be combined to form modules, otherwise known as solar
panels.

Characteristics of this device are resistance, current or voltage. A single junction silicon solar
cell can produce a maximum open-circuit voltage of approximately 0.5 to 0.6 volts.
Photodetectors are those which detects light or measuring light intensity. They are used as
photodetectors which measures light intensity or electromagnetic radiation in the visible

range.

Invented by

In 1839, at age 19, he built the world's first photovoltaic cell in his father's
laboratory. Willoughby Smith first described the "Effect of Light on Selenium during the
passage of an Electric Current™ in a 20 February 1873 issue of Nature. In 1883 Charles Fritts
built the first solid state photovoltaic cell by coating the semiconductor selenium with a thin

layer of gold to form the junctions; the device was only around 1% efficient.
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In 1888 Russian physicist Aleksandr Stoletov built the first cell based on the
outer photoelectric effect discovered by Heinrich Hertz in 1887.

In 1905 Albert Einstein proposed a new quantum theory of light and explained
the photoelectric effectin a landmark paper, for which he received the Nobel Prize in
Physics in 1921. Vadim Lashkaryov discovered p-n-junctions in silver sulphide protocells in
1941. Russell Ohl patented the modern junction semiconductor solar cell in 1946 while
working on the series of advances that would lead to the transistor. The first practical
photovoltaic cell was publicly demonstrated on 25 April 1954 at Bell Laboratories. The
inventors were Calvin Souther Fuller, Daryl Chapin and Gerald Pearson. Solar cells gained

prominence with their incorporation onto the 1958 Vanguard | satellite.

The basic 3 attributes of a photovoltaic (PV) cell or solar cell are:
1. Absorption of light, generating electron hole pairs (excitons)
2. Separation of charge carries of opposite types.

3. Separate extraction of those which carriers to an external circuit.

A photoelectrochemical cell is of type photovoltaic cell that splits water directly into
hydrogen and oxygen. But a solar thermal collector supplies heat by absorbing sunlight in
contrast.Solar thermal either direct heat or generate indirect electrical power from heat.

Photodetectors and photovoltaic cells are devices that convert an optical input into current. A
solar cell is same as photovoltaic device, i.e., a device which generates voltage when exposed
to light. The photovoltaic effect was discovered by Alexander-Edmond Becquerel in 1839, in
a junction formed between an electrode (platinum) and an electrolyte (silver chloride). In a
semiconductor due to the absorption of light radiation, it generates the voltage across the PN
junction that is called photovoltaic effect. Photodetector functionality is same as solar cell.

It’s a photodiode which is unbiased and load is connected to it.

There are three differences between a solar cell and photodetector:
1. A photodiode works on a narrow range of wavelength but a solar cell need to work
over a broad spectral range (solar spectrum).
2. Solar cells are wide area devices which maximizes exposure.
3. Photodiodes are quantum efficiency, which defines the signal to noise ratio, while

solar cells are power conversion efficiency, which is the power delivered per incident
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solar energy. Usually solar cells are designed to maximize the delivered power by

using the external load.

STUDY / WORKING OF SOLAR ENERGY

Symbol of a photovoltaic cell

+//

Working of photovoltaic cell

When a solar panel exposed to sunlight, the light energies are absorbed by a semiconduction
materials. Due to this absorbed energy, the electrons are liberated and produce the external
DC current. The DC current is converted into 240-volt AC current using an inverter for
different applications. Thus, when this p and n layers are connected to external circuit,
electrons flow from n-layer to p-layer, hence current is generated. The electrons that leave the
solar cell as current give up their energy to whatever is connected to the solar cell, and then

re-enter the solar cell. Once back in the solar cell, the process begins again.

Converting Sunlight Into Electricity / How Does Solar Work?

For the billions of years plants have been living off of solar energy. The technology has
evolved making the solar energy looks very simple as plug into the sun. The development
over the decades has been refined for the machinery used behind this magic. This is no longer
experimental technology but a mature, reliable source of energy production.

Solar panels are the machinery used to plugging into the sun by absorbing solar energy with
photovoltaic (PV) cells. They generate electricity when hit with sunlight, which then flows
into a device called an inverter which converts the electricity into a form (120 volts, 60Hz)
for household use. Whenever you plug into the wall, the solar electricity will behave same as

utility electricity.
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If there is no Sun then?No sun. No Problem. On cloudy days when there is no sunlight not
enough solar energy gets generated, or in nights when there is no sun nothing gets generated,
you will still be connected to the electric grid from which you can draw energy. In this way
the electric grid is like a battery, always holding energy at the ready to supply power when

needed.

A conventional crystalline siliconsolar cell. Electrical contacts made from busbars (the larger

silver-colored strips) and fingers (the smaller ones) are printed on the carbon wafer.

Solar cellconsists of a n-type semiconductorlayer and p-type semiconductor layer. The two
layers are combinedto forms p-n junction. Anti-reflection coating is used to avoid the loss of

incident light energy due to reflection atthe surface.

Types of solar cellbased on the types of crystal used

1. Mono crystalline silicon cells - The Mono crystalline silicon cell is produced from
pure silicon (single crystal). Since the Mono crystalline silicon is pure and defect free,
the efficiency of cell will be higher.

2. Polycrystalline silicon cells - In Polycrystalline solar cell, liquid silicon is used as raw
material and polycrystalline silicon was obtained followed by solidification process.
The materials contain various crystalline sizes. Hence, the efficiency of this type of
cell is less than Mono crystalline cell.

3. Amorphous silicon cells - Amorphous silicon was obtained by depositing silicon film
on the substrate like glass plate. The layer thickness amounts to less than 1um — the

thickness of a human hair for comparison is 50-100 pm.

Comparison between types of solar cell Material Efficiency (in %) Mono crystalline silicon

14-17 Polycrystalline silicon 13-15 Amorphous silicon 5-7.
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Advantages of Solar cells

It is clean and non-polluting.

It is a renewable energy.

Solar cells do not produce noise and they are totally silent.

They require very little maintenance.

They are long lasting sources of energy which can be used almost anywhere.
They have long life time.

There are no fuel costs or fuel supply problems.

Disadvantages of Solar cells

Solar power can’t be obtained in night time.

Solar cells (or) solar panels are very expensive.

Energy has not be stored in batteries.

Air pollution and whether can affect the production of electricity.

They need large area of land to produce more efficient power supply.

Uses of Solar cells

long lasting sources of energy, low maintenance

silent and non-polluting sources of electricity

provides cost-effective power supplies for people remote from the main electricity
grid

flexible and convenient source of small amount of power

in powering space vehicles like satellites and telescope

to power automotive, lights, pools, heaters and gadgets

A new use of photovoltaic energy- solar powered transportation

Railway roads, subways, planes, cars, buses and even roads are powered by solar. Solar cars

are uses in racing around the world especially in Australia. Solar buses reducing its carbon
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footprints in china;and simultaneously maintaining efficient mass transit in highly populated

cities like Beijing.

Wearable Solar-tech

An Anker’s power port can charge any cell phone, e-reader or a tablet. Some solar powered
flashlights are invented which can be charged when exposed to sunlight. Music speakers,
solar air-conditioner, thermostats, solar dryers, solar visor radios, freezers/ mini-fridges are

some examples of solar tech.

Latest Inventions

DIY Solar Panels Become Popular in 2005 as the technology and efficiency of solar cells
have increased. Solar panels can be made by putting together a solar panel kit to planning a
solar array.

Solar cells as thin as paper can now be manufactured using an industrial printer. They have
20% power conversion efficiency, and a single strip can produce up to 50 watts per square
meter. This is great news for the 1.3 billion people in developing countries, as the strips are
flexible and inexpensive to produce. Flexible Printed Solar Panels Hit the Market in 2015.

A research team from the University of California, Berkeley, and the Australian
National University discovered new properties of nanomaterial. One of these properties is
called magnetic hyperbolic dispersion, which means the material glows when heated. If
combined with thermophotovoltaic cells, it could turn heat into electricity without the need
for sunlight. The Sunless Solar Power is discovered in 2016.

Recent inventions gave birth to a solar thermal fuel in the form of a transparent
film that can be applied to a car windshields in which the windshield can melt ice at night
using energy absorbed during the day.

To create fuel directly from sunlight, another way which has been developed by
researchers at the University of Illinois at Chicago. To convert atmospheric carbon dioxide
into “syngas,” they use “artificial leaves” for sunlight. Syngas is a mixture of hydrogen gas
and carbon monoxide. It can be burned directly or converted into more conventional fuels.
This process removes CO2 from the atmosphere its an advantage.

PV cell using carbon nanotubes and fullerenes rather than silicon a prototype has been
created by a team at Stanford. It only uses carbon as a raw material, so its efficiency is far

below that of ordinary or commercially available silicon solar cells. in conventional solar
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cells, the Stanford prototype does not contain toxic materials that form part of the electrodes.

S0, it’s a more environmental friendly alternative to silicon.

CONCLUSION

Solar power is good source of useable energy and it can be converted into another energy
source. We receive solar energy from Sun. Energy light shifts electron into other materials.
This effect is able to generate large scale electricity. At present low efficiency of solar cells
required to large demand to supply electricity. Direct use of solar energy is renewable. It
means it is capable of ultimately replacing global energy supply from non-renewable sources.
Advantages it will bring to environment is; it will not create pollution, cheap source of
energy, can provide output for large customers and there are various other advantages. So we

should work on installation of this energy even at our home.
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