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pvycensy Selection of materials, Exergy, peak level worldw!de and hence Solar energy is becoming one of the
Efficiency & Power generation, Variable important energy in the future as a great renewable energy source.
temperature, climate change. However the cost of electricity from solar PV cells is still several times

higher than the conventional power generation. So it is very necessary
to improve the efficiency of the solar PV cells. It is necessary to have
that source available easily and in sufficient quantity so that with the
diminishing non renewable source basic need of energy can be fulfilled.
This source can be the all time available source. In this paper, it is
seeking into the tremendous progress made in recent years on a
photovoltaic (PV) cells materials, geometrical shapes and devices in
terms of their conversion efficiencies. Solar cells vary its performance
under temperature changes or it can say that on climate change because
temperature is variable with respect to climatic change, as climate
condition is also variable with seasonal change (i.e. summer, rainy and
winter) even hours to hours, and day to day. Change in temperature
affects its power generation. The rapid development of solar PV cells
has created challenging environment in the future. Efficiency can be
increased either by changing PV material, concentrating solar rays or
using solar tracking system. This paper deal with a brief overview of
the recent progress in PV cell efficiencies, exergy and power generation
based on different climatic condition and on the selection of good
quality materials and devices so that maximum sun heat can absorbed
and power conversion takes place.

Copy Right, 1JAR, 2019,. All rights reserved.

Introduction:-

India is a rapidly growing economy with more than 1 billion population about 17.5% world population, is facing a
huge energy demands. India stands fifth in the world in the production and consumption of electricity. The power
produced in India is mostly from coal (53%) and it is predicted that country’s coal reserved won’t last beyond 2040-
50. More than 72% population is living in villages and about half of the villages remain without electricity. Its peak
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time that our country should concentrate more on energy efficiency, conservation and renewable energy such as
wind farm, bio-mass, tidal, geothermal ,solar energy etc. to meet the uncertain demand , solar energy is the best form
of energy which can fulfill the needs of energy in an India and bridge the energy demand —supply gap.

Solar Energy in India

India has tremendous scope of generating solar energy. The geographical location of the country stands to its benefit
for generating solar energy. The reason being India is a tropical country and it receives solar radiation almost
throughout the year, which amounts to 3,000 hours of sunshine. This is equal to more than 5,000 trillion kWh.
Almost all parts of India receive 4-7 kWh of solar radiation per sq meters. This is equivalent to 2,300-3,200
sunshine hours per year. States like Andhra Pradesh, Bihar, Gujarat, Haryana, Madhya Pradesh, Maharashtra,
Orissa, Punjab, Rajasthan, and West Bengal have great potential for tapping solar energy due to their location. Since
majority of the population lives in rural areas, there is much scope for solar energy being promoted in these areas.
Use of solar energy can reduce the use of firewood and dung cakes by rural household.

Why solar energy should be preferred: -

It is well known that conventional source (Fossil fuels) of energy has many disadvantages that are leads to pollution,
uncertain climate change, global warming and more over it will be exhausted in few years. So keeping in mind the
great gift given by the god to the entire universe the following advantages of solar

Clean Energy Source:

Solar panels give off no contamination; the main contamination that occurs as a consequence of solar panels is the
assembling of these gadgets in industrial facilities, the transportation of the merchandise, and the installation. That
means, once they’re actually installed on your home, they are doing absolutely nothing negative to the atmosphere;
this is a huge difference than what you see from other forms of standard energy.

Renewable and Sustainable:

Solar energy is a renewable source of energy which means we cannot run out of it. Unlike fossil fuels that will
expire in another few decades solar energy is never going to expire. We will continue to get solar energy as long as
sun is there. Another pro of solar energy is that it is sustainable. Sustainable simply means to be able to meet the
needs of the present without compromising the needs of the future generations. Sun is going to last for another 6.5
billion years, according to NASA and there is no way that we could over consume it.

Power Remote Areas:

One of the incredible benefits of solar energy is the capability to bridle power in remote areas that are not
necessarily connected to a national electrical matrix. A prime example of this is in space, where satellites are
controlled by high productivity solar cells. The establishment of solar panels in remote areas is normally
substantially more financially savvy than laying the high voltage wires that are necessary to provide these areas with
electricity. Solar energy might be extremely productive in an expansive region of the globe, and new innovations
take into account a more effective energy generation on cloudy/dull days.

Can be Installed on Rooftops:

Solar panels might be installed on any number of roofs, which wipes out the issue of trying to find enough space for
solar panel arrangement. Not only does it save you space, but it can also end up saving you and your family a lot of
money as well. Even though the installation cost of solar panels can be quite high, depending on how large they are
and other factors (we will talk more about this in the “cons”), they give a free supply of power, which means that
they will eventually pay for themselves in the long run.

Reduce Electricity Bills:

The utilization of solar energy to create power allows you and your family to be free of the limitations of fossil
fuels that could negatively affect the power that your home is able to use on a regular basis. Getting your solar
panels financed can help you to eliminate upfront cost that you might have to pay from your own pocket. Moreover,
homeowners can sell surplus electricity generated to utility companies to reduce their monthly electricity bill.
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Availability:

Sunlight is available throughout the world and can easily be harnessed by every nation. The only drawback is that it
can only be harnessed during daytime. It is estimated that the world’s oil reserves will last for about 50-60 years,
whereas sunlight is available forever and can be utilized till the end of this planet.

Low Maintenance:
Modern solar panels require less maintenance as they don’t involve any moving parts and last for about 20-25 years.
They require few meters of space for residential use and require cleaning a few times a year.

Silent:

The creation of energy from the use of fossil fuels and other renewable energy sources (e.g. wind turbines) might be
incredibly noisy, yet solar energy produces power quietly. That way, you won’t have to worry about adding sound
pollution to the area that you live in either, which will make it that much more pleasant for your family and those
who live around you. They operate silently and are therefore favored by many people.

About the solar panel and selection of materials:-

Given that sunlight can be used differently whether on Earth or in space points to the fact that location, itself, is
a significant factor when it comes to choosing one of the types of solar panels over another. Distinguishing
between different types of solar panels often means differentiating between single-junctions and multi-
junctions solar panels—or first, second, or third generations. Single-junction and multi-junctions differ in the
number of layers on the solar panel that will observe the sunlight, whereas the classification by generation focuses
on the materials and efficiency of the different types of solar panels.

1st Generation Solar Panels

These are the traditional types of solar panels made of mono crystalline silicon or poly silicon and are most
commonly used in conventional surroundings. This type of solar panels (made of monocrystalline silicon) is the
purest one. You can easily recognize them from the uniform dark look and the rounded edges. The silicon’s high
purity causes this type of solar panel has one of the highest efficiency rates, with the newest ones reaching above
20%. Monocrystalline panels have a high power output, occupy less space, and last the longest. Of course, that
also means they are the most expensive of the bunch. Another advantage to consider is that they tend to be slightly
less affected by high temperatures compared to polycrystalline panels.

Monocrystalline Solar panels:
iéb\

N

Fig 1:-Mono crystalline Solar Panels (Mono-SlI)

Polycrystalline Solar Panels (Poly-Sl):-

It is easy to distinguish these panels because this type of solar panels has squares, its angles are not cut, and it has a
blue, speckled look. They are made by melting raw silicon, which is a faster and cheaper process than that used
for monocrystalline panels. This leads to a lower final price but also lower efficiency (around 15%), lower space
efficiency, and a shorter lifespan since they are affected by hot temperatures to a greater degree. However, the
differences between mono- and polycrystalline types of solar panels are not so significant and the choice will
strongly depend on your specific situation. The first option offers slightly higher space efficiency at a slightly higher
price but power outputs is basically the same.

1098


https://www.conserve-energy-future.com/different-energy-sources.php

ISSN: 2320-5407 Int. J. Adv. Res. 7(8), 1096-1103

§ ’ :
Fig 2:-Polycrystalline Solar Panels (Poly-SI)

2nd Generation Solar Panels

Thin film solar cells:-

These cells are different types of thin film solar cells and are mainly used for photovoltaic power stations,
integrated in buildings or smaller solar power systems. If you are looking for a less expensive option, you might
want to look into thin-film. Thin-film solar panels are manufactured by placing one or more films of photovoltaic
material (such as silicon, cadmium or copper) onto a substrate. These types of solar panels are the easiest to
produce and economies of scale make them cheaper than the alternatives due to less material being needed for its

production, \

Fig 3:-Thin film solar cells (TFSC)

Amorphous Silicon Solar Cell (A-Si):-

The amorphous silicon solar cell is among the different types of solar panels, the one that is used mainly in such
pocket calculators. This type of solar panel uses a triple layered technology, which is the best of the thin film
variety. Just to give a brief impression of what “thin” means, in this case, we’re talking about a thickness of one
micrometer (one millionth of a meter). With only 7% efficiency rate, these cells are less effective than crystalline
silicon ones that have efficiency rate of circa 18% but the advantage is the fact that the A-Si-Cells are relatively low
in cost.

3rd Generation Solar Panels 3rd generation solar panels include a variety of thin film technologies but most of
them are still in the research or development phase. Some of them generate electricity by using organic materials,
others use inorganic substances (CdTe for instance)

Biohybrid Solar Cell:-

The Biohybrid solar cell is one of the types of solar panels that is still in the research phase. It has been discovered
by an expert team at Vanderbilt University. The idea behind the new technology is to take advantage of the photo
system and thus emulate the natural process of photosynthesis. Many of the materials being used in this cell are
similar to the traditional methods, but only by combining the multiple layers of photo system 1, the conversion from
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chemical to electrical energy becomes much more effective (up to 1000 times more efficient than 1st generation
types of solar panels).

Cadmium Telluride Solar Cell (CdTe):-

Among the collection of different types of solar panels, this photovoltaic technique uses Cadmium Telluride,
which enables the production of solar cells at relatively low cost and thus a shorter payback time (less than a year).
Of all solar energy technologies, this is the one requiring the least amount of water for production. Keeping the short
energy payback time in mind, CdTe solar cells will keep your carbon footprint as low as possible. The only
disadvantage of using Cadmium Telluride is its characteristic of being toxic, if ingested or inhaled. In Europe
especially, this is one of the greatest barriers to overcome, as many people are very concerned about using the
technology behind this type of solar panel.

Concentrated PV Cell (CVP and HCVP):-

Concentrated PV cells generate electrical energy just as conventional photovoltaic systems do. Those multi-
junction types of solar panels have an efficiency rate up to 41%, which, among all photovoltaic systems, is the
highest so far.

A Glance of Solar Cell: -

Different types of solar panels serve different needs and purposes. For a quick and general overview based on
efficiency rate has put together which helps to provide the useful information regarding the most common type solar
panel.

Table nol:-Types of Solar cell

Type of Solar Cell Efficiency- | Advantages Disadvantages
Rate
Monocrystalline Solar | ~20% High efficiency rate; optimized | Expensive
Panels (Mono-SI) for commercial use; high life-
time value
Polycrystalline Solar | ~15% Lower price Sensitive to high temperatures;
Panels (p-Si) lower lifespan & slightly less space
efficiency
Thin-Film: Amorphous | ~7-10% Relatively low costs; easy to | shorter warranties & lifespan
Silicon Solar Panels (A-SI) produce & flexible
Concentrated PV  Cell | ~41% Very high performance & | Solar tracker & cooling system
(CVP) efficiency rate needed (to reach high efficiency
rate)

Objective of Research:-

The primary objective of this paper is to study of photovoltaic (PV) solar cell research and development is to bring
about increased efficient Photovoltaic Solar Cells, and the reduction in the cost of production by selecting better
solar thermal material for different climatic condition and solar mechanism with the rotation of earth to a level that
will be competitive with the conventional ways of generating power. To achieve this, there has to be a tremendous
increase in the efficiency of Photovoltaic materials and devices. In recent years, leading progress has been made to
improve the efficiency of almost all the leading Photovoltaic materials and devices due to climatic change.

Literature Review

1. Alcantara S.P., Del et.al. Solar photovoltaic (SPV) systems are a device which is directly convert solar
radiation in the form of heat and electrical energy. Solar energy reaching on the earth surface can be utilized
directly in two ways, firstly by converting directly electrical energy (electricity) through solar photovoltaic
Modules secondly, by heating the medium by means of solar collectors for low temperature heating
applications. Currently, most of solar photovoltaic (SPV) modules are based on crystalline silicon technology
which is basically dived into three technologies viz. Mono-crystalline silicon (m-Si), multi-crystalline silicon
(mc-Si) and ribbon silicon. In general it has been found that the mono-crystalline- silicon is more expensive
than that of multi-crystalline-silicon and as far as the efficiency is concerned, so it is proved that m-Si based
module is better than that of mc-Si module. The single crystal silicon is made of a cylindrical ingot and the
crystal lattice of the entire sample is continuous with no grain boundaries. On the other hand, the multi-
crystalline are made of square ingot and composed of multiple small silicon crystals
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10.

11.

Sahin et al. The thermodynamic characteristics of the solar photovoltaic (PV) cells using exergy analysis. They
developed and applied the new approach for the assessment of PV cells and found that the presented approach
was realistic as it accounts for thermodynamic quantities such as enthalpy and entropy. They also analyzed the
PV cells on the basis of the energy and exergy efficiencies, the energy efficiency was found to be varying
between 7-12% during the day while, the exergy efficiency was found to be varying between 2-8% Investigated
by.

Joshi et al. The performance characteristics of a photovoltaic (PV) and photovoltaic-thermal (PV/T) system
using energy and exergy analysis for the New Delhi, India. They found that in the case of PV/T, the energy
efficiency varies between 33-45%, \while the corresponding exergy efficiency varies between 11-16%. On the
other hand, for PV alone, the exergy efficiency was found to be varying in the range of 8-14% for a typical set
of operating parameters. They also calculated the fill factor in order to know the behavior of the exergy
efficiency of the SPV systems and found that the higher the fill factor better would be the exergy efficiency .
K.N.Shukla et.al. The energy, exergy, and power conversion efficiencies of both the modules have been
evaluated based on measured parameters such as solar intensity, ambient temperature, wind speed, and module
temperature. Exergetic efficiency of amorphous PV module varied from 2.44% to 3.92% whereas it varied from
4.83% to 8.32% for polycrystalline PV module throughout the day. The energy efficiencies of both the modules
are found to be always higher than that of exergy efficiencies and power conversion efficiencies.

M. R. Abdelkader et.al. This paper evaluates the performance of different solar modules in semi arid climate
as in Jordanian. An experiment to investigate the performance of two photovoltaic modules is conducted at
different times of the year. The measured parameters in this paper are: output open circuit voltage and short
circuit current from the PV modules, ambient temperature and solar intensity. The relationship between the
performance and the efficiency of mono-crystalline was reached 18% of PV module and multi crystalline PV
module was reached 16% measured by experiment. The performance value of the PV solar module is identified
and compared with the output values supplied by the producer of the PV modules and with other PV models .
T.T.Chow et.al. A review paper on photovoltaic/thermal hybrid solar technology .they give information about
basic concepts, early work, technological development in the 1990s and performance assessment of PV system.
They also give information about type of flat-plant PVT collector system and development of concentrator- type
design reported in the last decade and miscellaneous and commercial development in the last decade.

Akash kumar shukla et. al. A review of exergetic assessment of BIPV module using parametric and photonic
energy methods in this paper, a detailed review on energy and exergy analysis of building integrated
photovoltaic module to evaluate the electrical performance, exergy destruction and exergy efficiency with
photonic method has been discussed

Tiwari et. Al. Thermal modeling of photovoltaic (PV) modules and their applications. In the review article
different applications of PV module based on electrical and thermal output has been covered. Also in that article
they covered the detailed description and thermal model of PV and hybrid photovoltaic thermal (HPVT)
systems, using water and air as the working fluid. The numerical modelling and analysis of thermal and
electrical output of PV and HPVT in terms of an overall thermal energy and exergy has been carried out in this
study. From their extensive literature review, they found that the photovoltaic-thermal (PVT) modules were
very promising devices and there exists a lot of scope to further improve the performances. The CIGS solar
cells in the BIPVT system are the most suitable from the energy payback time (EPBT) and energy production
factor (EPF) point of view. However, mono-crystalline solar cells in the BIPVT system were found to be the
most suitable from the life cycle conversion efficiency (LCCE) point of view.

Soteris A. Kalogirou et. al. This review paper presents the exergy analysis of solar thermal system. It also
gives the information about various types of solar collectors and application of solar thermal systems. As solar
collectors are an important technology when sustainability is considered, exergy analysis gives more
information and representative performance evaluation, is a valuable method to evaluate and compare possible
configurations of this performance evaluation.

S. Armstrong et. al. A thermal model for photovoltaic panels under varying atmospheric conditions and It is a
interested to determined thermal response time of the PV panel. It is measurements the wind speed, global
radiation, PV panel back surface temperature and ambient temperature are used to calculate the convective and
radioactive heat loss from the panel. The predicted time constant values are compared to the measured time
constant under the three different wind speeds.

Arvind Tiwari, et. al. Performance evaluation of solar photovoltaic/thermal systems and also analyzed to
Exergy analysis of integrated photovoltaic thermal solar water heater under Constant flow rate and constant
collection temperature modes. It is observed that the overall exergy efficiency indicating the optimum value of
flow rate of 0.006 kg/s as reported earlier. However, thermal efficiency increases significantly with increase of

1101



ISSN: 2320-5407 Int. J. Adv. Res. 7(8), 1096-1103

flow rate up to 0.006 kg/s and then increase is marginal as expected. For comparison, the hourly variation of
solar cell, back surface PV module, water temperature and solar cell efficiency has been evaluated.

12. Latifa Sabri et.al. In this study, an experimental research concerning the Effect of Ambient Conditions on
Thermal Properties of Photovoltaic Cells: Crystalline and Amorphous Silicon The influence of cell temperature
on the thermal characteristics such as the specific heat and thermal conductivity of the cell is show that specific
heat increases exponentially by increasing the cell temperature, and also indicates the thermal conductivity
decreases linearly for both crystalline and amorphous silicon.

13. Dubey et. al. Evaluated the energetic and exergetic performance of a PV/T air collector with air duct above the
absorber plate and the one with air duct below the absorber plate it is found that the latter one gives batter
results in terms of thermal energy, electrical energy and exergy gain.

14. K. Sudhakar et. al. analysis of Energy and exergy 36 W solar photovoltaic modules it is concluded that exergy
is a more effective and more efficient tool for the performance analysis of the solar panel.

Conclusions:-

It seen from the above literature survey remarkable progress has been made by researchers in recent years in
improving the conversion efficiencies on a number of PV cells by adopting different approach and better quality of
thermal material at all the possible extent. Some exciting possibilities are emerging on new PV devices with
moderate efficiencies and potential for lower cost

Future scope of work

1. Study can be conducted for further improvement of energy of solar module.

2. Effectiveness can be studied by developing low cost Semiconductor materials.
3. Study on minimizing losses of modules.
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