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ABSTRACT

Solar energy is defined as the sun’s radiation that reaches the earth. It is the most readily available source of energy.
The sun is the earth’s power station and the source of all energy on our planet. Solar energy is the energy force that
sustains life on Earth for all plants, animals and people. It provides a compelling solution for all societies to meet
their needs for clean, abundant sources of energy in the future. India is densely populated and has high solar
insolation, an ideal combination for using solar power in India. Solar energy is widely used in India. This paper
presents the solar energy current production in India from different stats and needs of solar energy for rural area
development in India. The solar energy could supply all the present and future energy needs of the world. The most
explored renewable energy technologies for power generation in India, namely, Solar pond, and Solar Photovoltaic
systems need more sophistication for long-term benefits. This paper also summarizes the direct solar usage systems
like Water heating system, Solar Drying, Solar Cooking and Solar Distillation. Solar energy can be tapped directly
(e.g. PV); indirectly as with wind, biomass and hydropower; or as fossil Biomass fuels such as Coal and Natural Gas.
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I. INTRODUCTION

The fossil fuels presently meet the all global energy
needs to some extent. These Fossil Fuels should be
slowly replaced by renewable energy sources in the view
of their depletion rates and emission legislation. The
usage of renewable energy sources can reduce the
pollutant emissions into the atmosphere. Especially the
exploration of solar energy can play vital role in
developed and developing countries [1]. Solar energy is
defined as the sun’s radiation that reaches the earth. It is
the most readily available source of energy.

The sun is the earth’s power station and the source of all
energy on our planet. The ways capturing of the solar
energy for many applications have become an important
research area in recent days. In developing countries like
India where the energy problems is very serious, in spite
of discoveries of oil and gas off the west coast, the
important of crude oil continuous to increase and the
price paid for all other expenditure. India being leader in
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wind power generation in the sector of solar energy few
more developments is needed. One of them are 35000
km? area of Thar Desert has been set aside for solar
power projects, sufficient to generate 700 GW to 21000
GW [2].

Solar energy is widely utilized in the form of Solar
Lamps, Solar Water heater, Solar Cooker and also solar
pumps and solar energy is used for heat buildings and to
provide low temperature heat for Industry and
Agriculture is a well-known technology [3-4]. India has
large area in the form of a deserts, lakes and rivers for
installation of solar plants. The amount of solar energy
produced in India 2007 was less than 1% of total energy
demand. The grid interactive solar powers as of
December 2010 were 10 MW.

Solar energy is widely used in India. Solar energy is a
exhaustible source of renewable energy. It is used in the
form of solar water pumps, solar lamps, solar water
heaters and cooking purpose [5]. Solar energy can be
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tapped directly (e.g., PV); indirectly as with wind,
biomass, and hydropower; or as fossil biomass fuels
such as coal, natural gas, and oil. Sunlight is by far the
largest carbon-free energy source on the planet. More
energy from sunlight strikes the Earth in 1 hour (4.3 x
1020 J) than all the energy consumed on the planet in a
year (4.1 x 1020 J).

Although the Earth receives about 10 times as much
energy from sunlight each year as that contained in all
the known reserves of coal, oil, natural gas, and uranium
combined, renewable energy has been given a dismally
low priority by most political and business leaders.Even
now a days, unelectrified villages are in India. These
villages developed by using solar energy. With about
300 clear sunny days in a year, India's theoretical solar
power reception, on only its land area. The daily average
solar enegy incident over India varies 4 to 7 kWh/m?,
which is more than current total energy consumption.
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Figure 1: Figure shows the Solar Energy production in
different states in India.

However, India is ranked number one in terms of solar
energy production per watt installed. The state has
commissioned Asia’s biggest solar park at Chakra
Village. The park is has generating capacity of 214 MW
out of planned capacity of 500 MW. The state has also
proposal for generation of power using solar panels on
the Narmada canal branches. Rajasthan the India’s
sunniest state is next of Gujarat with proposals for many
solar projects.
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The need for power grows much faster for less
developed nations than for those that already there is
growing momentum for supplying electricity to
developing regions using solar energy resource [6]. The
solar energy technologies offer energy independence and
sustainable development. Stand-alone solar and wind
energy systems can provide cost effective, modest levels
of power of lighting, communication, fans, refrigerators,
water pumping etc. Installation of Photo Voltaic (PV)
systems solely for remote site has expanded to include
the promotion of rural economic development. PV
system provides power for remote water pumping,
refrigeration and water treatment of community water
supplies.

In addition to PV systems the domestic solar hot water
heating systems typically have better cost paybacks (5 to
7 years) than PV systems. The large-scale concentrating
solar power (CSP) plants have better economics of scale
than PV for utility power generation at almost half the
kilo Watt-hour cost [7]. Solar energy often provides
least-cost options for economic and community
development in rural regions around the globe, while
supplying electricity, creating local jobs. PV projects in
developing nations have provided positive change in the
lives of the rural people. The following sections will
provide the major developments of many solar energy
applications.

2. Solar Power plants installed in India

India is large country compared to all countries. India
have a deserts, lakes and rivers for installation of solar
plants and also having a lacks of acres of land available
for installation of solar plants [8]. The amount of solar
energy produced in India in 2007 was less than 1% of
the the toal energy demand. The grid-interactive solar
power as of December 2010 was 10MW.However,India
is ranked number one in terms of solar energy
production per watt installed. In India having a number
of solar parks are installed in different states.

Table 1: The installed capacities of solar power plants
across the states of India.

State MWp | State MWp
Andhra 21.8 | Karnataka 9.0
Chhattisgarh 4.0 | Maharashtra 20.0
Delhi 2.5 | Orissa 13.0
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Gujarat 654.8 | Punjab 9.0
Haryana 7.8 | Rajasthan 197.5
Jharkhand 4.0 | Tamil Nadu 15.0

From the Table 1, conclude that Gujarat state has been
producing high solar energy compared to all another
states. This state is producing amount of 654.8 MWp.
The state has commissioned Asia's biggest solar park at
Charaka Village. The park is already generating 214MW
solar power out of its planned capacity of 500MW.The
states planes to generate solar power by putting solar
panels on the Narmada canal branches. Next to Gujarat,
Rajasthan is India's sunniest state, and many solar
projects have been proposed.

3.Solar Energy for Development in India

The need for power grows much faster for less
developed nations than for those that already
industrialized. The three decades of major investments
by less developed nations and multilaterals on
electrification projects, nearly 2 billion people in
developing regions around the globe still lack electricity
[9,10]. Millions of people rely solely on kerosene lamps
for lighting and disposable batteries for radios. For most
of these people, there is little likelihood of ever
receiving electricity from conventional grid sources.
However, there is growing momentum is supplying
electricity to developing regions using solar energy
resource. The solar energy technologies offer energy
independence and sustainable development by using
renewable energy resources.

The cost of bringing utility power via transmission and
distribution lines to non electrified villages is great [11].
This is largely due to small household electrical loads
and the fact that many villages are located at great
distances over difficult terrain from the existing grid.
Stand-alone solar and wind energy systems can provide
cost-effective, modest levels of power for lighting,
communication, fans, refrigerators, water pumping, etc.
Using a least-cost model, development tool for
electrification planning as either centralized or
distributed solutions. Two decades ago, PV technology
was relatively unknown. Gradually throughout the
developing world, small solar companies began to form
as PV module manufacturers began to establish
distributor networks to serve remote, non-electrified
areas.
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More total kilowatts of grid-tie PV systems are installed
each year; however, numerically more small, off-gird
systems are installed annually. Installation of PV
systems solely for remote sites has expanded to include
the promotion of rural economic development through
Photovoltaic system. PV provides power for remote
water pumping, refrigeration, and water treatment of
community water supplies [12-13]. Solar thermal energy
represents the most competitive but often overlooked
solar technology option. Domestic solar hot water
heating systems typically have cost paybacks from 5 to 7
years much better than grid-tied PV systems, where
payback may take decades, if ever. Additionally, large-
scale solar thermal concentrating solar power (CSP)
plants have better economies of scale than PV for utility
power generation at almost half the kilowatt-hour cost.

Figure 2: Remote areas PV power production.

Solar energy often provide least-cost options for
economic and community development in rural regions
around the globe, while supplying electricity, creating
local jobs, and promoting economic development with
clean energy resources. PV projects in developing
nations have provided positive change in the lives of the
rural people. Yet there is still much to do to educate,
institutionalize, and integrate renewable technologies for
maximum benefit for all. One of the greatest challenges
is to work on reforming energy policies and legal
frameworks to create a context that permits the
sustainable  development of renewable energy
technologies [14].

4. Renewable Energy Solutions for day to day life

Approximately one-third of the world’s population lives
in rural regions without access to the electric grid, and
about half of these same people live without access to
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safe and clean water. Solar energy is unique in that it can
easily provide electricity and purified water for these
people today with minimal infrastructure requirements
by using local energy resources that promote local
economic development.

Unfortunately, traditional fossil fuel energy use has had
serious and growing negative environmental impacts,
such as CO, emissions, global warming, air pollution,
deforestation, and overall global environmental
degradation. Additionally, fossil fuel reserves are not
infinite or renewable; the supply is limited [15]. Without
a doubt, there will be significant changes in our society’s
modern energy infrastructure by the end of the twenty-
first century.

The primary renewable energy sources are the Sun, wind,
biomass, tides, waves, and the Earth’s heat (geothermal).
Solar energy is referred to as renewable and/or
sustainable energy because it will be available as long as
the Sun continues to shine. Estimates for the life of the
main stage of the Sun are another 4 to 5 billion years.
Another aspect of solar energy is the conversion of
sunlight into biomass by photosynthesis. Animal
products such as whale oil and biogas from manure are
derived from this form of solar energy. Fossil fuels are
stored solar energy from past geological ages (i.e.,
ancient sunlight).

Even though the quantities of oil, natural gas, and coal
are large, they are finite and resources are sufficient to
power the industrialized world anywhere from a few
more decades to a few more centuries, depending on the
resource [16]. There are also large environmental costs
associated with fossil fuel exploitation from habitat loss
and destruction due to strip mining and oil spills to
global warming of the atmosphere largely caused by the
combustion by-product of carbon dioxide.

The advantages of renewable energy are many:
sustainability (cannot be depleted), ubiquity (found
everywhere across the world in contrast to fossil fuels
and minerals), and essentially non-polluting and carbon
free. Energy solutions for the future depend on local,
national, and world policies. Solutions also depend on
individual choices and the policies that we implement as
a society [12,14]. This does not mean that we have to
live in caves to negate our energy inputs, but we do have

to make wise energy choices and conserve by methods
such as driving fuel-efficient vehicles and insulating our
homes, to name a few. To overcome the twenty-first
century perfect energy storm, we will all have to work
together cooperatively while doing our individual parts.

5. Solar Thermal Power

Solar thermal energy is the technology used for
harnessing solar energy for thermal energy (heat). A
solar thermal collector captures the radiant energy from
the Sun and converts it into heat. More recently, in a
wide variety of thermal processes solar energy has been
developed for power generation, water heating,
mechanical crop drying, and water purification, among
others [17]. A major benefit of solar thermal power is
that it has little adverse environmental impact, with none
of the polluting emissions or safety concerns associated
with conventional generation technologies. There is
hardly any pollution in the form of exhaust fumes or
noise during operation. Decommissioning a system is
not problematic.. Solar collectors are a cheap and
effective means of converting sunlight into thermal heat.
This module discusses these two types of solar thermal
collectors since they are commonly used in India.

Heat is simply a form of energy associated with the
motion of molecules. When the electromagnetic waves
coming from the Sun hit an object, they excite the
molecules of that object causing them to move [18]. This
molecular movement is heat. Heat is always moving
from higher to lower temperatures until the temperatures
are equal. This is known as heat transfer. If you place
two objects next to each other, the warmer object will
cool down as its heat is transferred to the cooler object.
The cooler object in turn will warm up. This heat
transfer is driven by the difference in temperatures of the
objects. The heat transfer rate is proportional to the
difference in temperature. The larger the difference in
temperature between the objects, the faster the heat
moves.

5.1 Solar Collectors

Solar collectors are distinguished as low, medium, or
high-temperature heat exchangers. There are basically
three types of thermal solar collectors: flat plate,
evacuated tube, and concentrating [19]. Although there
are great geometric differences, their purpose remains
the same: to convert the solar radiation into heat to
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satisfy some energy needs. The heat produced by solar
collectors can supply energy demand directly or be
stored. To match demand and production of energy, the
thermal performance of the collector must be evaluated.
The instantaneous useful energy collected the result of
an energy balance on the solar collector.

To evaluate the amount of energy produced in a solar
collector properly, it is necessary to consider the
physical properties of the materials. Solar radiation,
mostly short wavelength, passes through a translucent
cover and strikes the energy receiver. Low-iron glass is
commonly used as a glazing cover due to its high
transmissivity; the cover also greatly reduces heat losses.
The optical characteristics of the energy receiver must
be as similar as possible to those of a blackbody,
especially high absorbtivity.

5.2 Working principle of a solar collector

A solar collector works on the principle of converting
solar energy into heat by taking advantage of a process
known as the greenhouse effect. The basic idea is that
the solar energy passes through a layer of glazed glass
where it is absorbed by the underlying material [20]. The
solar energy excites the molecules in the underlying
material resulting in heat. The glazing of the glass
prevents the heat from escaping, thereby effectively
capturing the heat. Once that heat is captured we can put
it to good use. But in order to use it, we first need to
understand some of the basic principles of heat.

Types of Solar Collectors

5.2.1 Flat-Plate Collectors

A flat-plate solar collector consists of a waterproof,
metal or fiberglass insulated box containing a dark-
colored absorber plate, the energy receiver, with one or
more translucent glazings. Absorber plates are typically
made out of metal due to its high thermal conductivity
and painted with special selective surface coatings in
order to absorb and transfer heat better than regular
black paint can. The glazing covers reduce the
convection and radiation heat losses to the environment..
These systems are always mounted in a fixed position
optimizing the energy gain for the specific application
and particular location. Flat collectors can be

mounted on a roof, in the roof itself, or be freestanding.

5.2.2 Evacuated -Tube Solar Collectors

Evacuated-tube solar collectors have better performance
than flat plate for high-temperature operation in the
range of 77-170°C. They are well suited to commercial
and industrial heating applications and also for cooling
applications by regenerating refrigeration cycles [21-23].
They can also be an effective alternative to flat-plate
collectors for domestic space heating, especially in
regions where it is often cloudy. An evacuated-tube
solar collector consists of rows of parallel glass tubes
connected to a header pipe. The air within each tube is
removed reaching vacuum pressures around 10~ mbar.
This creates high insulation conditions to eliminate heat
loss through convection and radiation, for which higher
temperatures than those for flat-plate collectors can be
attained. Depending on the mechanism for extracting
heat from the absorber, evacuated-tube solar collectors
are classified.

5.2.3 Concentrating Collectors

There are two ways of classifying solar thermal
collectors according to their concentration ratio (C). In
the most general terms, solar collectors are classified as
flat-plate collectors with a concentration ratio C = 1 and
as concentrating collectors with C > 1. The existing
types of concentrating collectors are parabolic-
compound, parabolic-trough, parabolic-dish, Fresnel,
and central tower concentrators, among others [24]. Two
definitions of concentration ratio for these systems are
used. In the first, the concentration ratio depends on
geometric characteristics, and it is given by

C=12a
Ar

Where, A, is the area of the collector aperture, and A, is
the energy absorber or receiver area.

5.3 Parabolic Concentrators

The parabola is found in numerous situations in the
physical world. In three dimensions, a parabola traces
out a shape known as a paraboloid of revolution when it
is rotated about its axis and as a parabolic cylinder,
when it moves along the axis normal to its plane. Solar
collectors whose reflecting surfaces follow such
geometrics are called parabolic dish concentrators and
parabolic troughs, respectively. If a receiver is mounted
at the focus of a parabolic reflector, the reflected light
will be absorbed and converted into a useful form of
energy. The reflection to a point or a line and subsequent
absorption by a receiver constitute the basic functions of
a parabolic concentrating collector.
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5.4 Applications of Solar Thermal
developing Countries

5.4.1 Water heating

The most common use for solar thermal technology is
for domestic water heating. Hundreds of thousands of
domestic hot water systems are in use throughout the
world. The main components of a solar water heater are
the solar collector, storage, and heat distribution. Several
configurations differ on the heat transport between the
solar collector and the storage tank, as well as on the
type of freeze protection [25]. The most successful solar
heaters are the integrated collector and storage (ICS),
thermosiphon, drain-back, and drain-down systems .
These are habitually assisted in backup by a
conventional system. In some countries, the installation
of solar equipment must comply with local, state, and
national building codes, roofing codes, plumbing codes,
and national electrical codes.

energy in

The ICS and thermosiphon are passive solar water
heaters where fluid circulation occurs by natural
convection, as shown in the diagram of Figure 3. The
absorber’s energy gained by solar radiation is transferred
to the copper pipes. The inlet fluid is located at the
bottom of the collector; as heat is captured, the water
inside the pipes warms up. The hotter the water is, the
less dense and better it is for circulation. When hot water
travels toward the top, the cooler and denser water
within the storage tank falls to replace the water in the
collector. Under no or low insolation, circulation stops;
the warm and less dense fluid stagnates within the tank.
The ICS is a self-contained integration of a solar
collector and solar heated water storage, usually holding
30-40 gallons in a tank. Both the ICS and the
thermosphon heaters are a low-cost alternative to an
active-open-loop solar water system for milder climates.
These systems have 40- to 120-gal storage tanks
installed vertically or horizontally above the collector.
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Figure 3: Thermosiphon water heater.
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5.4.2 Solar cooking

Over 80% of rural households use biofuels and animal
dung for cooking. A vast majority of such homes burn
firewood in traditional cook stoves (chulhas). This emits
smoke and also has adverse environmental and health
effects. Additionally, the process of collecting firewood
is often an exhausting and time-consuming task [26].
While small-scale solar cooking will benefit individual
families in terms of health, large-scale solar cooking has
the potential to save considerable fossil fuel. Solar
cooking has several advantages since it requires very
little maintenance, and saves cooking time and fuel cost.

The focus of this case study is on large-scale solar
cooking applications with the solar steam cooker. There
are many large installations of solar cookers in India
where several thousand meals are prepared daily [27].
Solar cookers fall into two main categories — solar box
and direct solar concentrators. The basic design for a
solar box is that of a box with a glass cover. The box is
lined with insulation and a reflective surface is applied
to concentrate the heat onto the pots. The other approach
is to reflect the sun’s rays onto a pot, often with a
parabolic dish. The pots can be painted black to help
with heat absorption. The main advantage to solar
cookers is that wood does not need to be purchased or
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collected, which is often a very time consuming activity
for women. Many variations of solar cooker have been
developed from the very basic reflective cardboard sheet
box to the very sophisticated large-scale institutional and
commercial solar cookers now being used in India.

5.4.3 Solar drying

Annually in India, about 35% of all agricultural produce
worth roughly “500,000 million goes to waste during the
post-harvest period [28]. The loss is anywhere from 10%
for durables (cereals and pulses) to about 40% for
perishables (fruits and vegetables). Proper drying
techniques for grains, cereals and pulses can ensure
effective storage and reduce losses. Controlled drying is
required for various crops and products, such as grain,
coffee, tobacco, fruits vegetables and fish. Solar thermal
technology can be used for this purpose.

Low convective

Short wavelength
heat [osses

solar radiation Transpare

Airin

Figure 5: Figure shows working of Solar Dryer.

The main principle of operation is to raise the heat of the
product, which is usually held within a compartment or
box, while at the same time passing air through the
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compartment to remove moisture. The flow of air is
often promoted using the ‘stack’ effect which takes
advantage of the fact that hot air rises and can therefore
be drawn upwards through a chimney, while drawing in
cooler air from below [29]. Alternatively a fan can be
used. Solar crop drying technologies can help reduce
environmental degradation caused by the use of fuel
wood or fossil fuels for crop drying and can also help to
reduce the costs associated with these fuels and hence
the cost of the product.

5.4.4 Solar thermal energy in architecture

Providing comfortable buildings, while reducing the use
of conventional fuels and electricity, can be obtained
through solar passive architecture. Solar Passive
Architecture involves blending architectural principles
and solar energy to design interiors which remain warm
in winter and cool in summer, thus providing year-round
comfortable indoor environment. Solar designs can save
up to 90% of the energy required to cool or heat a
building [30]. The benefit of solar energy is utilized
through designing energy efficient buildings. Here
specific attention is directed to the site and location of
the dwelling, the prevailing climate, design and
construction, solar orientation, placement of glazing-
and-shading elements, and incorporation of thermal
mass. As mentioned earlier we shall discuss two
applications of solar energy which are solar cooker and
solar water heater [31].

5.4.5 Solar Distillation

Distillation is a process that allows purifying some
components of a solution based on differences of
volatilities. In general terms, when solutes have much
smaller volatilities than the solvent, distillation is carried
out by evaporating the solvent in a particular region of
the device and then condensing the vapor in a different
region to obtain as pure a solvent as possible. When
conventional energy supply is replaced by solar
radiation, the process is called solar distillation [32-34].
For the conventional process, the production rate
remains constant under stable conditions of pressure,
temperature, energy consumption, composition, and
flow rate of the inlet stream. For the solar process,
although predictable, it varies during the course of a day,
showing a maximum during the hours with the highest
irradiance. The variation is not only hourly but also daily
over the whole year.

[ 501 [




The most widely used application for solar water
distillation has been for water purification. The
advantage of solar over conventional systems in the
purification of simple substances, such as brine or well
waters, is that operation and maintenance are minimal
because no moving parts are involved [66-67]. Also,
there is no consumption of fossil fuels in solar
distillation, leading to zero greenhouse- gas emissions.
Most importantly, these types of systems can be
installed in remote sites to satisfy freshwater needs of
small communities that do not have conventional
electric service.

Solar distillation represents one of the simplest yet most
effective solar thermal technologies. Currently, several
solar still prototypes exist; differences lie in their
geometries and construction materials. All designs are
distinguished by the same operation principles and three
particular elements: solar collector, evaporator, and
condenser [35,36].

Black-Baticm Accum

Glzes covear

Fresn water drair

T Corily seker autpd

Figure 6: Schematic view of solar still for Solar
Distillation.

6. Solar Photovoltaics

Photovoltaic systems (PV system) use solar panels to
convert sunlight into electricity. Photovoltaics provide
practical solutions to many power supply problems in
both space and remote terrestrial applications. In
addition to larger power applications, portable electronic
devices may charge their batteries using solar cells or
get their power directly from solar cells.
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Electricity can be produced from sunlight through a
process called the PV effect, where “photo” refers to
light and “voltaic” to voltage [38-41]. The term
describes a process that produces direct electrical current
from the radiant energy of the Sun. The PV effect can
take place in solid, liquid, or gaseous material; however,
it is in solids, especially semiconductor materials, that
acceptable conversion efficiencies have been found.
Solar cells are made from a variety of semiconductor
materials and coated with special additives. The most
widely used material for the various types of fabrication
is crystalline silicon, representing over 90% of global
commercial PV module production in its various forms.

A typical silicon cell, with a diameter of 4 in., can
produce more than 1 W of direct current (DC) electrical
power in full sun. Individual solar cells can be connected
in series and parallel to obtain desired voltages and
currents. These groups of cells are packaged into
standard modules that protect the cells from the
environment while providing useful voltages and
currents.

PV modules are extremely reliable because they are
solid state and have no moving parts. Silicon PV cells
manufactured today can provide over 40 years of useful
service life. A system is made up of one or more solar
photovoltaic (PV) panels, a DC/AC power converter
(also known as an inverter), a tracking system that holds
the solar panels, electrical interconnections, and
mounting for other components [42]. Optionally it may
include a maximum power point tracker (MPPT), battery
system and charger, solar tracker, energy management
software, solar concentrators or other equipment.

6.2 Applications

PV systems can be used for a wide variety of
applications, from small stand-alone systems to large
utility grid-tied installations of a few Mega Watts. Due
to its modular and small-scale nature, PV is ideal for
decentralized applications. At the start of the twenty-first
century, over one-quarter of the world’s population did
not have access to electricity, and this is where PV can
have its greatest impact.

PV power is already beginning to help fill this gap in

remote regions, with literally millions of small
residential PV systems installed on homes around the
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world, most commonly as small stand-alone PV
systems, but also increasingly as larger on-grid systems
in some industrialized regions (notably Japan, Germany,
and California). Ironically, the wealthy, who want to
demonstrate that they are “green,” or often impoverished
remote power users, who need electricity and have
limited options, form the majority of PV users.

6.2.1 Standalone systems

A standalone system does not have a connection to the
electricity "mains" (aka "grid"). Standalone systems vary
widely in size and application from wristwatches or
calculators to remote buildings or spacecraft [43]. If the
load is to be supplied independently of solar insolation,
the generated power is stored and buffered with a
battery. In non-portable applications where weight is not
an issue, such as in buildings, lead acid batteries are
most commonly used for their low cost and tolerance for
abuse.

A charge controller may be incorporated in the system
to: a) avoid battery damage by excessive charging or
discharging and, b) optimizing the production of the
cells or modules by maximum power point tracking
(MPPT). However, in simple PV systems where the PV
module voltage is matched to the battery voltage, the use
of MPPT electronics is generally considered
unnecessary, since the battery voltage is stable enough
to provide near-maximum power collection from the PV
module [44]. In small devices (e.g. calculators, parking
meters) only direct current (DC) is consumed. In larger
systems (e.g. buildings, remote water pumps) AC is
usually required. To convert the DC from the modules or
batteries into AC, an inverter is used. Solar photovoltaic

6.2.2 Rural Electrification

Simple effective solutions, including solar lanterns and
SHLS are discussed, along with solar-based micro grids.
Prevailing financial, policy and institutional mechanisms
and barriers to wide-scale adoption are also taken up.
The techno economics of a solar-based micro grid is
compared with grid extension [45, 46]. The current
capital subsidy is compared with a generation-based
tariff structure. Based on the analysis, a generation-
based tariff is recommended for rural micro grids solely
consisting of solar energy or hybridized with other
renewable energy sources in order to ensure sustainable
operation.

6.2.3 Solar-PV-based irrigation pump sets

These pumps are found to be competitive at today’s cost
relative to diesel-based pumps based on cost per unit of
electricity or work done [47]. Economic analysis is
provided for pumps of two sizes — 1 HP and 2 HP —
needed to draw water from up to 230 ft (70.1 m) and up
to 530 ft (161.5 m) respectively.

1) 6.2.4 Small scale DIY solar systems

With a growing DIY-community and an increasing
interest in environmentally friendly "green energy",
some hobbyists have endeavored to build their own PV
solar systems from Kits or partly diy. Usually, the DIY-
community uses inexpensive or high efficiency
systems(such as those with solar tracking) to generate
their own power [48]. As a result, the DIY -systems often
end up cheaper than their commercial counterparts.
Often, the system is also hooked up into the regular
power grid, using net metering instead of a battery for
backup.

These systems usually generate power amount of ~2 kW
or less. Through the internet, the community is now able
to obtain plans to construct the system (at least partly
DI1Y) and there is a growing trend toward building them
for domestic requirements. Small scale solar systems are
now also being used both in developed countries and in
developing countries, for residences and small
businesses [49-51]. One of the most cost effective solar
applications is a solar powered pump, as it is far cheaper
to purchase a solar panel than it is to run power lines.

6.3 PV System Safety

Finally, when working with PV systems, please be
careful. Never work on a PV system alone [52]. Have
proper knowledge of the PV system. Be careful
accessing roofs and ladders. Be careful with batteries
and be sure to have bicarbonate, etc., to neutralize
battery acid. Dress appropriately. Have an alert mind, a
skeptic instinct, and a slow hand. The goal is to avoid
accidents and injuries. This requires the following:

e good work habits;

e awareness of potential hazards;

e proper tools and hardware;

e safe PV systems; and

e working in pairs (buddy system).
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6.4 PV System Testing Rules

o Remove all jewelry.

e Visually inspect the system and take notes of
risks and problems.

e Be aware of telephone and first-aid equipment
locations.

o Be careful climbing up and down ladders and
roofs.

e Identify and locate disconnects.

e Measure the open-circuit voltage.

e Measure the voltage of each conductor.

7. The Solar Pond

Solar pond is an artificially constructed pond in which
significant temperature rises are caused to occur in the
lower regions by preventing convection. To prevent
convection, salt water is used in the pond [22,12]. Those
ponds are called “salt gradient solar pond”. In the last 15
years, many salt gradient solar ponds varying in size
from a few hundred to a few thousand square meters of
surface area have been built in a number of countries.
Nowadays, mini solar ponds are also being constructed
for various thermal applications.

A Salinity Gradient Solar Pond (SGSP) is a simple and
low cost mean to collect and store solar energy in the
high-density salt water. Therefore, in practice, a typical
solar pond consists of three distinct zones. Two
convective zones where the first is at the top (Upper
Convective Zone, UCZ) and the second is at the bottom
(Lower Convective Zone, LCZ). These two layers are
separated by a salinity gradient (Non Convective Zone,
NC2Z). Although the diffusion flux tends to homogenize
the system, the maintenance of the salinity profile in the
solar pond can be obtained by addition of brine at the
LCZ and fresh water in the UCZ.
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The solar pond (SP) is a shallow water body being
virtually a trap for solar radiation. The trapped solar
radiation is converted into thermal energy which is
accumulated in the deep water layers of the SP. The
thermal energy can be accumulated due to the stabilizing
salinity gradients existing in the SP, which prevent
thermal convection in the water body. Proper operation
of the SP depends on the ability to withdraw hot water
by a selective withdrawal while preserving the density
profile of the pond.

7.1 Management of Solar Pond

7.1.1 Typical Construction

Size of Salinity Gradient Solar Pond ranges from
hundreds to thousands square meters in surface area
[53]. These are 1-5 m deep. Typically these are lined
with a layer of sand insulation and then a dark plastic or
rubber impermeable liner material.

7.1.2 Salt used

Sodium chloride is used normally, Manesium chloride,
sodium nitrate, Sodium carbonate, Sodium sulfate,
Ammonium nitrate, fertilizer salts such as urea satisfy
the stability criterion and thus considered suitable for a
solar pond.

7.1.3 Site selection

Since solar ponds are horizontal collectors, sites should
be at low to moderate northern latitudes, that is latitudes
between -40 to +40 degree.

7.2 Applications of Solar Pond
The following applications are:
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Salt Production

Agqua Culture

Dairy Industry

Fruit and Vegetable canning industry
Grain industry

Power generation

Hot water production

Water supply (for Desalination).
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8. Solar Energy Storage

Solar energy is a nondispatchable energy technology
that only captures energy during daylight hours. Some
type of energy storage is thus required to make the
energy available during nonsunny periods [54-56].
Energy storage can take a number of forms, most
commonly electrochemical energy storage through
batteries. But energy also can be stored in the form of
compressed air, Pumped hydrostorage, hydrogen, or
thermal mass. Many types of batteries and charge
controllers are used in standalone Photo Voltaic systems
to provide energy, when sun is not shining.

A storage battery is an electrochemical device. It stores
chemical energy that can be released as electrical
energy. When the battery is connected to an external
load, the chemical energy is converted into electrical
energy and current flows through the circuit (Harrington
1992, Lasiner and Ganang 1990).

8.1 Lead-Acid Battery operation

When two unlike metals such as the positive and the
negative plates are immersed in Sulfuric acid (the
electrolyte), the battery is created and a voltage is
dependent on the types of metals and the electrolyte
used [57]. It is approximately 2.1 V per cell in a typical
lead-acid battery. Electrical energy is produced by the
chemical action between the metals and the electrolyte.

The chemical actions start and electrical energy flows
from the battery as soon a there is a circuit between the
positive and negative terminals (whenever a load such as
the head lamps is connected to the battery). The
electrical current flows as electrons through the outside
circuit and as charged portions of acid (ions) between
the plates inside the battery (Lasnier and Ganang 1990
& Vinal 1951).

The action of the lead-acid storage battery is
characterized by the following equation:

PbO, + Pb + 2H,S0O,*2PbSO,+2H,0
Where;
Lead dioxide (PbO2) = Material on the positive plate
Sponge lead (Pb) = Material on the negative plate
Dilute Sulphuric acid =Electrolyte

9. Thermal Vs Photovoltaic

It is important to understand that solar thermal
technology is not the same as solar panel, or
photovoltaic, technology. Solar thermal electric energy
generation concentrates the light from the sun to create
heat, and that heat is used to run a heat engine, which
turns a generator to make electricity [58-62]. The
working fluid that is heated by the concentrated sunlight
can be a liquid or a gas. Different working fluids include
water, oil, salts, air, nitrogen, helium, etc. Different
engine types include steam engines, gas turbines,
Stirling engines, etc.

All of these engines can be quite efficient, often between
30% and 40%, and are capable of producing 10’s to
100’s of megawatts of power. Photovoltaic, or PV
energy conversion, on the other hand, directly converts
the sun’s light into electricity [28-32]. This means that
solar panels are only effective during daylight hours
because storing electricity is not a particularly efficient
process [63-65]. Heat storage is a far easier and efficient
method, which is what makes solar thermal so attractive
for large-scale energy production. Heat can be stored
during the day and then converted into electricity at
night. Solar thermal plants that have storage capacities
can drastically improve both the economics and the
dispatchability of solar electricity.

10. Challenges and Oppotunuties

Land is a scarce resource in India and per capita land
availability is low. Dedication of land area for exclusive
installation of solar arrays might have to compete with
other necessities that require land. The amount of land
required for utility-scale solar power plants currently
approximately 1 km? for every 20-60 megawatts (MW)
generated could pose a strain on India's available land
resource. The architecture more suitable for most of
India would be a highly distributed set of individual
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rooftop power generation systems, all connected via a
local grid.

However, erecting such an infrastructure, which does
not enjoy the economies of scale possible in mass,
utility-scale, solar panel deployment, needs the market
price of solar technology deployment to substantially
decline, so that it attracts the individual and average
family size household consumer. That might be possible
in the future, because PV is projected to continue its
current cost reductions for the next decades and be able
to compete with fossil fuel.

India should adopt a policy of developing solar power as
a dominant component of the renewable energy mix,
since being a densely populated region in the sunny
tropical belt, the subcontinent has the ideal combination
of both high solar insolation and therefore a big
potential consumer base density. In one of the analyzed
scenarios, India can make renewable resources such as
solar the backbone of its economy by 2050, reining in its
long-term carbon emissions without compromising its
economic growth potential.

According to a 2011 report by BRIDGE TO INDIA and
GTM Research, India is facing a perfect storm of factors
that will drive solar photovoltaic (PV) adoption at a
"furious pace over the next five years and beyond". India,
"as a growing economy with a surging middle class, is
now facing a severe electricity deficit that often runs
between 10 and 13 percent of daily need".

II. CONCLUSION

The fossil fuels presently meet the all global energy
needs to some extent. These Fossil Fuels need
replacement by renewable energy sources in the view of
their depletion rates and emission legislation. The usage
of renewable energy sources can cut the pollutant
emissions into the atmosphere. The sun is about 1.4
million km in diameter and 150 million km from the
earth. It is close to 5500°C at its surface and emits
radiation at a rate of 3.8 x 1023kW. This power is due to
nuclear fusion reactions near its core going to continue
for several billion years. Exploration of solar energy
plays a vital role in developed and developing countries
like India where the energy problem is very serious,
despite of discoveries of oil and gas off the west coast.

Importance of crude oil continuous to increase and the
price paid for all other expenditure. India being a master
in wind power generation and the sector of solar energy
needs more development.

The state Gujarat has better contribution in developing
solar energy. The state has commissioned Asia's biggest
solar park at Charaka Village. The park is has generating
capacity of 214 MW out of a planned capacity of
500MW.The state has also proposal for generation of
power using solar panels on the Narmada canal branches.
Rajasthan the India's sunniest state is next to Gujarat
with proposals for many solar projects.

Installation of Photo Voltaic (PV) systems solely for
remote sites has expanded to include rural economic
development. PV system provides power for remote
water pumping, refrigeration and water treatment of
community water supplies. In addition to PV systems
the domestic solar hot water heating systems typically
have better cost paybacks (5 to 7 years) than PV systems.

A major benefit of solar thermal power is that it has little
adversative environmental impact, with none of the
polluting emissions or safety concerns associated with
conventional generation technologies.
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