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ABSTRACT

Solar energy is the radiant light and heat from the sun that has been harnessed by humans
since ancient times using a range of ever-evolving technologies. Solar radiation along with
secondary solar resources account for most of the available renewable energy on earth. The
large magnitude of solar energy available makes it a highly appealing source of electricity.
The United Nations Development Programme in its 2000 World Energy Assessment found
that the annual potential of solar energy was 1,575-49,837 exajoules (EJ). This is several
times larger than the total world energy consumption, which was 559.8 EJ in 2012. The
potential for solar energy is enormous, since about 200,000 times the world’s total daily
electric-generating capacity is received by Earth every day in the form of solar energy.
Unfortunately, though solar energy itself is free, the high cost of its collection, conversion,
and storage still limits its exploitation in many places. Solar radiation can be converted
either into thermal energy (heat) or into electrical energy, though the former is easier to
accomplish. Solar power is an immense source of directly useable energy and ultimately
creates other energy resources: biomass, wind, hydropower and wave energy.
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INTRODUCTION

Solar energy is the radiant light and heat those situated on the south-facing side of
from the sun that has been harnessed by buildings, were sunrooms. Later in the
humans since ancient times using a range 1200s A.D., ancestors to the Pueblo Native
of ever-evolving technologies. Solar Americans known as the Anasazi situated
radiation along with secondary solar themselves in south-facing abodes on
resources account for most of the cliffs to capture the sun’s warmth during
available renewable energy on earth. cold winter months.

In theory, solar energy was used by It is an important source of renewable
humans as early as 7th century B.C. when energy and its technologies are broadly
history tells us that humans used sunlight characterized as either passive solar or
to light fires with magnifying glass active solar depending on how they
materials. Later, in 3rd century B.C., the capture and distribute solar energy or
Greeks and Romans were known to convert it into solar power. Active solar
harness solar power with mirrors to light techniques include the use of
torches for religious ceremonies. These photovoltaic systems, concentrated solar
mirrors became a normalized tool power and solar water heating to harness
referred to as “burning mirrors.” Chinese the energy. Passive solar techniques
civilization documented the wuse of include orienting a building to the Sun,
mirrors for the same purpose later in 20 selecting materials with favorable thermal
A.D. mass or light-dispersing properties, and
Another early use for solar energy that is designing spaces that naturally circulate
still popular today was the concept of air.

“sunrooms” in buildings [1]. These The large magnitude of solar energy
sunrooms used massive windows to direct available makes it a highly appealing
sunlight into one concentrated area. Some source of electricity [2] [3]. The United
of the iconic Roman bathhouses, typically Nations Development Programme in its

7

IDOSR JOURNAL OF SCIENTIFIC RESEARCH 5(1) 7-12, 2020.



www.idosr.org

2000 World Energy Assessment found
that the annual potential of solar energy
was 1,575-49,837 exajoules (EJ). This is
several times larger than the total world
energy consumption, which was 559.8 E]J
in 2012.

In 2011, the International Energy Agency
said that "the development of affordable,
inexhaustible and clean solar energy
technologies will have huge longer-term
benefits. It will increase countries’ energy
security  through reliance on an
indigenous, inexhaustible and mostly
import-independent resource, enhance
sustainability, reduce pollution, lower the
costs of mitigating global warming, and
keep fossil fuel prices lower than
otherwise. These advantages are global
[4]. Hence the additional costs of the
incentives for early deployment should be
considered learning investments; they
must be wisely spent and need to be
widely shared".

In the late 1700s and 1800s, researchers
and scientists had success using sunlight
to power ovens for long voyages. They
also harnessed the power of the sun to
produce solar-powered steamboats.
Ultimately, it’s clear that even thousands
of years before the era of solar panels, the
concept of manipulating the power of the
sun was a common practice.

Many are familiar with so-called
photovoltaic cells, or solar panels, found
on things like spacecraft, rooftops, and
handheld calculators [5]. The cells are
made of semiconductor materials like
those found in computer chips. When
sunlight hits the cells, it knocks electrons
loose from their atoms. As the electrons
flow through the cell, they generate
electricity.

On a much larger scale, solar-thermal
power plants employ various techniques
to concentrate the sun's energy as a heat
source. The heat is then used to boil
water to drive a steam turbine that
generates electricity in much the same
fashion as coal and nuclear power plants,
supplying electricity for thousands of
people [6].

“Use of solar energy is near a solution”.
This was the headline in the New York
Times on 4 April 1931. It turned out to be
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a premonition, since, 80 years later and
electricity is being supplied to millions of
human beings in the world from
renewable energies such as solar.
Humanity has now declared its readiness
to accelerate the transition to a low-
carbon economy, conscious of the finite
nature of fossil fuels and their prejudicial
effects on the environment as the main
cause of global warming [7].

As the Chilean poet Pablo Neruda chimed
in El Sol: “I am a man of light, of so much
rose, such predestined clarity, I will die
from shining”. Solar energy, on the other
hand, will never die of shining, since the
Sun still has 6.5 billion years of life
according to NASA. Indeed, in rather less
time, solar technology in some countries
has evolved to compete with conventional
sources of electricity generation. In just a
few decades’ time, it will become the
major part of a sustainable energy system
for the world [8].

Additionally, the conditions for the
development of solar energy could not be
more perfect: the Sun bathes the Earth
hourly with enough light and heat to
fulfill global needs for a whole year; in
other words, solar radiation can satisfy
our energy needs 4,000 times over.

As the publication Renewable Energies

Info estimates, the Earth’s surface
receives 120,000 Terawatts of solar
irradiation, “which represents 20,000

times more power than the whole planet
needs”. Backing this argument further,
the Union of Concerned Scientists says
that as little as 18 days of solar
irradiation on Earth contains as much
energy as all the world’s coal, oil and
natural gas reserves put together [9] [10].
The NYT article put forward the
suggestion that Humanity “will no longer
have to fear the exhaustion of coal
reserves foreseen within the next few
hundred vyears, if Dr Lange’s theory is
right”. Well, the words of German solar
energy scientist, Dr Bruno Lange, back in
1931, have been proven right.
Uses Of Solar Energy

The potential for solar energy is
enormous, since about 200,000 times the
world’s total daily electric-generating
capacity is received by Earth every day in
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the form of solar energy. Unfortunately,
though solar energy itself is free, the high
cost of its collection, conversion, and
storage still limits its exploitation in
many places. Solar radiation can be
converted either into thermal energy
(heat) or into electrical energy, though the
former is easier to accomplish [11].
Thermal energy

Among the most common devices used to
capture solar energy and convert it to
thermal energy are flat-plate collectors,
which are wused for solar heating
applications. Because the intensity of
solar radiation at Earth’s surface is so
low, these collectors must be large in
area. Even in sunny parts of the world’s
temperate regions, for instance, a
collector must have a surface area of
about 40 square metres (430 square feet)
to gather enough energy to serve the
energy needs of one person. The most
widely used flat-plate collectors consist of
a blackened metal plate, covered with one
or two sheets of glass, that is heated by
the sunlight falling on it [12]. This heat is
then transferred to air or water, called
carrier fluids, that flow past the back of
the plate. The heat may be used directly,
or it may be transferred to another
medium for storage. Flat-plate collectors
are commonly used for solar water
heaters and house heating [13]. The
storage of heat for use at night or on
cloudy days is commonly accomplished
by using insulated tanks to store the
water heated during sunny periods. Such
a system can supply a home with hot
water drawn from the storage tank, or,
with the warmed water flowing through
tubes in floors and ceilings, it can provide
space heating. Flat-plate collectors
typically heat carrier fluids to
temperatures ranging from 66 to 93 °C
(150 to 200 °F). The efficiency of such
collectors (i.e., the proportion of the
energy received that they convert into
usable energy) ranges from 20 to 80
percent, depending on the design of the
collector [14].

Another method of thermal energy
conversion is found in solar ponds, which
are bodies of salt water designed to
collect and store solar energy. The heat
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extracted from such ponds enables the
production of chemicals, food, textiles,
and other industrial products and can
also be used to warm greenhouses,
swimming pools, and livestock buildings.
Solar ponds are sometimes used to
produce electricity through the use of the
organic Rankine cycle engine, a relatively
efficient and economical means of solar
energy conversion, which is especially
useful in remote locations. Solar ponds
are fairly expensive to install and
maintain and are generally limited to
warm rural areas [15].

On a smaller scale, the Sun’s energy can
also be harnessed to cook food in
specially designed solar ovens. Solar
ovens typically concentrate sunlight from
over a wide area to a central point, where
a black-surfaced vessel converts the
sunlight into heat. The ovens are typically
portable and require no other fuel inputs.
Electricity generation

Solar radiation may be converted directly
into electricity by solar cells (photovoltaic
cells). In such cells, a small electric
voltage is generated when light strikes the
junction between a metal and a
semiconductor (such as silicon) or the
junction between two different
semiconductors. (See photovoltaic effect.)
The power generated by a single
photovoltaic cell is typically only about
two watts [16]. By connecting large
numbers of individual cells together,
however, as in solar-panel arrays,
hundreds or even thousands of kilowatts
of electric power can be generated in a
solar electric plant or in a large household
array. The energy efficiency of most
present-day photovoltaic cells is only
about 15 to 20 percent, and, since the
intensity of solar radiation is low to begin
with, large and costly assemblies of such
cells are required to produce even
moderate amounts of power.

When sunlight strikes a solar cell, an
electron is freed by the photoelectric
effect. The two dissimilar semiconductors
possess a natural difference in electric
potential (voltage), which causes the
electrons to flow through the external
circuit, supplying power to the load. The
flow of electricity results from the
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characteristics of the semiconductors and
is powered entirely by light striking the
cell [17].

When sunlight strikes a solar cell, an
electron is freed by the photoelectric
effect. The two dissimilar semiconductors
possess a natural difference in electric
potential (voltage), which causes the
electrons to flow through the external
circuit, supplying power to the load. The
flow of electricity results from the
characteristics of the semiconductors and
is powered entirely by light striking the
cell.

Small photovoltaic cells that operate on
sunlight or artificial light have found
major use in low-power applications—as
power sources for calculators and
watches, for example. Larger units have
been used to provide power for water
pumps and communications systems in
remote areas and for weather and
communications satellites. Classic
crystalline silicon panels and emerging
technologies using thin-film solar cells,

including building-integrated
photovoltaics, can be installed by
homeowners and businesses on their
rooftops to replace or augment the

conventional electric supply [18].
Concentrated solar power plants employ
concentrating, or focusing, collectors to
concentrate sunlight received from a wide
area onto a small blackened receiver,
thereby considerably increasing the
light’s intensity in order to produce high
temperatures. The arrays of carefully
aligned mirrors or lenses can focus
enough sunlight to heat a target to
temperatures of 2,000 °C (3,600 °F) or
more. This heat can then be used to
operate a boiler, which in turn generates
steam for a steam turbine electric
generator power plant. For producing
steam directly, the movable mirrors can
be arranged so as to concentrate large
amounts of solar radiation upon
blackened pipes through which water is
circulated and thereby heated.

Other applications

Solar energy is also used on a small scale
for purposes other than those described
above. In some countries, for instance,
solar energy is used to produce salt from
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seawater by evaporation. Similarly, solar-
powered desalination units transform salt
water into drinking water by converting
the Sun’s energy to heat, directly or
indirectly, to drive the desalination
process.

Solar technology has also emerged for the
clean and renewable production of
hydrogen as an alternative energy source.
Mimicking the process of photosynthesis,
artificial leaves are silicon-based devices
that use solar energy to split water into
hydrogen and oxygen, leaving virtually no

pollutants. Further work is needed to
improve the efficiency and cost-
effectiveness of these devices for

industrial use.

How to Harness Solar Power
In one technique, long troughs of U-
shaped mirrors focus sunlight on a pipe
of oil that runs through the middle. The
hot oil then boils water for electricity
generation. Another technique uses
moveable mirrors to focus the sun's rays
on a collector tower, where a receiver sits.
Molten salt flowing through the receiver
is heated to run a generator.
Other solar technologies are passive. For
example, big windows placed on the
sunny side of a building allow sunlight to
heat-absorbent materials on the floor and
walls. These surfaces then release the
heat at night to keep the building warm.
Similarly, absorbent plates on a roof can
heat liquid in tubes that supply a house
with hot water.
Solar energy is lauded as an inexhaustible
fuel source that is pollution- and often
noise-free. The technology 1is also
versatile. For example, solar cells
generate energy for far-out places like
satellites in Earth orbit and cabins deep in
the Rocky Mountains as easily as they can
power downtown buildings and futuristic
cars.
Pitfalls
Solar energy doesn't work at night without
a storage device such as a battery, and
cloudy weather can make the technology
unreliable  during the day. Solar
technologies are also very expensive and
require a lot of land area to collect the
sun's energy at rates useful to lots of
people.
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Despite the drawbacks, solar energy use
has surged at about 20 percent a year
over the past 15 years, thanks to rapidly
falling prices and gains in efficiency.
Japan, Germany, and the United States are
major markets for solar cells. With tax
incentives, and efficient coordination
with energy companies, solar electricity
can often pay for itself in five to ten
years.
Advantages of Solar Energy
e Solar power is pollution free and
causes no greenhouse gases to be
emitted after installation
e Reduced dependence on foreign oil
and fossil fuels
e Renewable clean power that is
available every day of the vyear,
even cloudy days produce some
power
e Return on investment
paying for utility bills
e Virtually no maintenance as solar
panels last over 30 years
e C(Creates jobs by employing solar
panel manufacturers, solar
installers, etc. and in turn helps
the economy
e Excess power can be sold back to
the power company if grid
intertied
e Ability to live grid free if all power
generated provides enough for the
home / building

unlike

¢ Can be installed virtually
anywhere; in a field to on a
building

e Use batteries to store extra power
for use at night

e Solar can be used to heat water,
power homes and building, even
power cars
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e Safer than traditional electric
current

e Efficiency is always improving so
the same size solar that is

available today will become more
efficient tomorrow

e Aesthetics are improving making
the solar more versatile compared
to older models; i.e. printing,
flexible, solar shingles, etc.

e Federal grants, tax incentives, and
rebate programs are available to
help with initial costs

Disadvantages of solar Energy

e High initial costs for material and
installation and long ROI

¢ Needs lots of space as efficiency is
not 100% yet

e No solar power at night so there is
a need for a large battery bank

e Some people think they are ugly (I
am definitely not one of those!)

e Devices that run on DC power
directly are more expensive

e Depending on geographical
location the size of the solar
panels vary for the same power
generation

e (Cloudy days do not produce much
energy

e Solar panels are not being massed
produced due to lack of material
and technology to lower the cost
enough to be more affordable

e Solar powered cars do not have the
same speeds and power as typical
gas powered cars

e Lower production in the winter
months

CONCLUSION

Solar power is an immense source of
directly useable energy and ultimately
creates other energy resources: biomass,
wind, hydropower and wave energy.

Most of the Earth's surface receives
sufficient solar energy to permit low-
grade heating of water and buildings,
although there are large variations with
latitude and season. At low latitudes,
simple mirror devices can concentrate
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solar energy sufficiently for cooking and
even for driving steam turbines.

The energy of light shifts electrons in
some semiconducting materials. This
photovoltaic effect is capable of large-
scale electricity generation. However, the
present low efficiency of solar PV cells
demands very large areas to supply
electricity demands.

Direct use of solar energy is the only
renewable means capable of ultimately
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supplanting current global energy supply
from non-renewable sources, but at the
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