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ABSTRACT

Global environmental disquiets and the rising requirements for energy
resources need steady growth in renewable energy conservation technologies.
We have ample amount of research opportunities for utilizing renewable
energy resources. Solar energy is the best example because it is available easily
in abundant form. The solar energy captured on the earth is about 1.8x10"
MW, which is many times larger than the present rate of all the energy

utilization. Solar power can be utilized in the best way using photovoltaic

technology. This paper analyses power generating capacity using photovoltaic
technology which is developed using different light absorbing materials and its
environmental aspect coupled with a variety of its applications. The different
existing performance and reliability evaluation models, efficiency have also
been discussed.
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INTRODUCTION

Presently the world energy consumption is 10TW
(Terawatts) and by 2050 it is projected to be about
30TW.The world will need about 20TW non-CO,
energy to stabilize CO, in atmosphere by mid-
century[1].

So the world is in need of renewable energy system.
To fulfill above requirement different renewable
energy techniques are used like wind energy system,
photovoltaic system, solar energy system and
geothermal system.

Wind power is widely used in Europe, Asia, and the
United States which is having installation capacity of
282,482 megawatts (MW) till the end of 2012.
Photovoltaic (PV) power stations were very popular

in Germany and ltaly, having worldwide capacity of
100,000 MW. Solar thermal energy stations operate
on 354 MW which are used in the USA and Spain.
The world's largest geothermal power installation is
The Geysers in California, with a rated capacity of
750 MW. The largest renewable energy programs
were adopted by Brazil which involving production
of ethanol fuel from sugar cane, and ethanol now
provides 18% of the country's automotive fuel. USA
also has enough availability of Ethanol fuel [45].

Photovoltaic (PV)
commercially mature technology which is able to

system is technically and

generate and supply electricity using solar energy.
PV system convert sunlight directly into electricity
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and are potentially one of the most useful of the
renewable energy technologies.

Photovoltaic renewable energy generation

A photovoltaic renewable energy generation system
is made up of multiple components like solar cells,
electrical connections and

mechanical and

mountings and means of regulating and/or
modifying the electrical output. In clear sunny days
these systems produce electrical power from peak
kilowatts (kWp) to megawatts [2].

Ito et al. introduced very large scale photovoltaic
power generation (VLS-PV) system on desert and
designed 100MW PV system and system is installed
on the Gobi desert and evaluated parameters like
energy payback time (EPT), life- cycle CO, emission
rate and generation cost of the system were
estimated by means of the methodology of life -
cycle analysis (LCA )[3]. The parameter energy
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payback time (EPT) describes the time span a PV
system needs to operate in order to generate the
same amount of energy that was used for its
manufacture and installation. Zhou et. al. estimated
economic analysis of power generation from floating
solar chimney power plant (FSCPP) by analyzing cash
flows during the whole service period of a 100 MW
plant [4]. Munner et. al. studied the long term view
of large scale PV generation in arid/semi-arid
locations, around the globe and its transmission
using hydrogen as the energy vector [5].

The

technologies including wafer-based silicon and a

recent PV market contains a range of
variety of thin-film technologies. The range of
current technologies and near future options has
been explored from current first-generation to
future third-generation technologies. [6]
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solar cell materials

In photovoltaic system, the solar cell requires light
absorbing material to generate free electrons via
photo-voltaic effect. This light absorbing material is
present in cell structure of the solar cells.
Photovoltaic (PV) uses solar cells assembled into
solar panels to convert sunlight into electricity.
Sunlight, which is pure energy, on striking a PV cell,
giving enough energy to some electrons to increase
their energy level and make them free. A built-in-

potential barrier inside the cell acts on these

electrons to generate a voltage, which in turn is
used to drive a current through a circuit [2].

First Generation solar cell

The first generation solar cells include Silicon and
crystalline silicon. Silicon cells have a very high
efficiency, but highly pure silicon is needed. The
price of solar cells in this generation is very high as it
requires energy processing.

1) Silicon
Braga et al. reviewed the recent advances in
chemical and metallurgical routes for photovoltaic
(PV) silicon production and found that production of
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(solar-grade silicon) Sags can be five times more
energy efficient than the conventional Siemens
process that uses more than 200 kWh/kg [12].Keogh
et al. suggested that testing of silicon solar cells
under natural sunlight is simpler, cheaper, and more
accurate than all but the most careful simulator
measurements [13]. Balenzategui et. at focused on
the measurement of the angular response of the
solar cells based on different silicon technologies
and analyzed the sources of deviation from the
theoretical response ,especially those due to the
surface reflectance[14].

2) Crystalline Silicon

From all other solar cell materials, crystalline silicon
based solar cell has the highest efficiency compared
to others [15]. Green et al. developed crystalline
silicon on glass (CSG) solar cell technology aiming to
combine the advantages of standard silicon wafer-
based technology with that of thin-films; cost of
these contenders is very low and confirmed
efficiency for small pilot line modules already in the
8-9% energy conversion efficiency range, on the
path to 12-13% [16]. The brief discussion of silicon
crystalline materials used in PV cells is given below.
2. a) Mono crystalline silicon cells

Mono crystalline silicon cells have high efficiency up
to 20 % but they are costly and cannot be used in
commercial world [17]. Vitanov et al. investigated
the influence of the emitter thickness on the
photovoltaic properties of monocrystalline silicon
solar cells with porous silicon [18].

2. b) Polycrystalline silicon cell

Polycrystalline silicon cells have low efficiency in the
range of 15% to 17% but they are economical and
can be used in commercial world [17]. Barnett et al.
investigated that solar cells utilizing thin-film
polycrystalline silicon can achieve photovoltaic
power conversion efficiencies greater than 19% as a
result of light trapping and back surface passivation
with optimum silicon thickness [19].

Second Generation solar cell

The next step in the evolution of PV and reduced
cost is to remove the unnecessary material from the
cost equation by using thin-film devices. Second-
generation (2G) technologies are single-junction
devices that aim to use less material while

maintaining the efficiencies of 1GPV. 2G solar cells
use amorphous-Si (a-Si), CdTe/CdS (CdTe) or
polycrystalline-Si  (p-Si) deposited on low-cost
substrates such as glass.

1) Amorphous-Silicon

Amorphous silicon is a non-crystalline form of silicon
in disordered structure and has 40 times higher rate
of light absorptive compared to mono crystalline
silicon [20]. Yang et al. discussed multijunction
devices made on lightweight flexible substrates;
various aspects of attaining high efficiency devices
are described. The eminent role of the roll-to-roll
continuous deposition technique in propelling the
technology to global market is elucidated [21]. Tyagi
analyzed the degradation of three technologies of
amorphous silicon which are single junction
amorphous silicon, triple junction amorphous silicon
and flexible triple junction amorphous silicon and
found that each materials degrade by 45%, 22% and
27%, respectively [22]. Aberle reviewed the most
promising thin-film c-Si PV technologies that have
emerged during the last 10 years and found that
three different thin-film c¢-Si PV technologies
(SLIVER, hybrid, CSG) can be transferred to industrial
production [23].

2) Cadmium telluride (CdTe) and cadmium

sulphide (CdS)

Ferekides et al. presented work carried out on
CdTe/CdS solar cells fabricated using the close
spaced sublimation (CSS) process that has attractive
features for large area applications such as high
deposition rates and efficient material utilization
[24]. Pfisterer demonstrated the influence of surface
treatments of the cells (Cu25—CdS) and of additional
semiconducting or metallic layers of monolayer-
range thicknesses at the surface and discussed
effects of lattice mismatch on epitaxy as well as wet
and drytopotaxy and preconditions for successful
application of topotaxy [25]. Richards et al.
demonstrated using ray-tracing simulations that the
short-wavelength response of cadmium
sulfide/cadmium telluride (CdS/CdTe) photovoltaic
(PV) modules can be improved by the application of
a luminescent downshifting (LDS) layer to the PV
module that exhibit a poor internal quantum

efficiency [26].
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Third Generation solar cell

As 2G technology progressively reduces the active
material cost with thinner films, eventually even the
low-cost substrate will become the cost limit and
higher efficiency will be needed to maintain the
cost-reduction trend. The possible future is for third-
generation (3G) devices, which exceed the limits of
single- junction devices and lead to ultra-high
efficiency for the same production costs of 1G/2G
PV, driving down the cost[6].The 3G technology
devices uses organic and polymer cell and hybrid
photovoltaic cell.

1) Organic and polymer cells

Jorgensen et al. presented an understanding of
stability/ degradation in organic and polymer solar
cell devices and discussed the methods for studying
and elucidating degradation and improving the
stability by
encapsulation, application of getter materials and
UVfilters [27]. Bernede et al. studied different cell
configurations: two-layer D/A organic solar cells

using different active materials,

deposited by vacuum evaporation and bulk D/A
heterojunction material based on a discontinuous
D/A network thin film obtained by spin coating [28].
Wei et al. demonstrated efficient white organic
light-emitting device based on exciplex with higher
luminance and luminous efficiency and this bi-
functional device with electroluminescence (EL) and
PV performances is promising to be used as white
displays or backlight source in the future as it can be
charged by solar energy through additional
apparatus free of work and can also be used as an
optical sensor to UV light [29]. Yue et al. developed
an organic PV device based on triplet complex Re-
Phen with power conversion efficiency of 4% which
is high compared to the devices based other metal
complexes, state increasing the PV efficiency owing
to the existence of a charge transfer(CT) absorption
[30]. Mozer et al. presented successful strategies
towards improved photovoltaic performance using
various materials like double-cable polymers,
regioregular polymers and lower bandgap energy
polymers representing that the bulk hetero junction
concept is a viable approach towards developing
photovoltaic systems by inexpensive solution-based

fabrication technologies [31].

2) Hybrid photovoltaic cell

Itoh et al. conducted electrical output performances
of ‘democratic module photovoltaic system’
consisting of amorphous-, polycrystalline- and
crystalline-silicon-based solar cells that reveal
significant differences, mainly with respect to
seasonal variation and found that the annual output
energy generated by amorphous-Si-based solar cell
is about 5% higher than that of crystalline-Si-based
arrays [32]. Wu et al. proposed a new technique of
maximum power point controller, through which the
proposed hybrid PV system could adopt amorphous
Si solar cell together with crystalline Si solar cell to
realize a PV system with higher ratio of performance
to cost [33]. Olson et al. fabricated hybrid poly (3-
hexylthiophene) P3HT/nanostructured zinc oxide
methods  with

devices using solution-based

efficiencies greater than 0.5% [34].

TABLE I. SILICON SOLAR CELL EFFICIENCIES
Device Efficiency %
Crystalline silicon (c-Si) (wafer) 24.7
Poly crystalline silicon (pc-Si) (wafer) 19.8
Crystalline silicon (c-Si) (thin film) 8.2
Amorphous Silicon (a-Si) (thin film) 13.7
Applications

The increasing efficiency, lowering cost and minimal
pollution are the bonus of the photovoltaic systems
that have led to a wide range of application.

Building integrated systems

photovoltaic’s (BIPV)
are photovoltaic materials that are used to replace

Building integrated
conventional building materials in parts of the
building envelope such as the roof, skylights, or
facades. They are increasingly being incorporated
into the construction of new buildings as a principal
or ancillary source of electrical power, although
existing buildings may be retrofitted with similar
technology. Yoo et al. proposed a building design to
have the PV modules shade the building in summer,
so as to reduce cooling loads, while at the same time
allowing solar energy to enter the building during
the heating season to provide daylight and
conducted an analysis of the system performance,
Evaluation of the system efficiency and the power
output [35].
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Bakos et al. described the installation, technical
characteristics, operation and economic evaluation
of a grid-connected building integrated photovoltaic
system (BIPV) and the technical and economical
factors were examined using a computerized [36].
Space

Solar panels on spacecraft supply power to run the
sensors, active heating and cooling, and telemetry,
or their power is used for electric propulsion,
sometimes called solar-electric propulsion. Girish
studied the possibility of night time photovoltaic
power generation in planetary bodies like moon
using reflected light energy flux from nearby
planetary objects based on latest low-intensity low-
illumination (LILT) solar cell technology [37].

Solar Home Systems

Bond et al. described current experience and trials in
East Timor with solar photovoltaic (PV) technology
by introduction of solar home systems (SHS) [38].
Other Applications

Ji et al. presented a novel photovoltaic/thermal
solar-assisted heat pump (PV/TSAHP) system, which
can generate electricity and heat energy
simultaneously and introduced a mathematical
model based on the distributed parameter
technique for predicting the dynamic system
behavior [39].

Problems associated with PV technology

The Photovoltaic technology itself is still expensive
because of people are not aware of this technology
so it leads to lack of demand. Despite this obvious
price disadvantage other obstacles have to be
overcome for PV technologies:

1. Low conversion efficiencies only up to 5-18% but
may improve with further research and
development.

2. Electricity can be generated only during the day
period and not during the evening hours when
residents are at home so we can say that domestic
PV systems do not necessarily deliver power when it
is required.

3. Storage cost is high but can be avoided by
connection to the mains whereby additional
leftovers can be exported to the grid — but the
number of new connections the grid could cope with

is not clear — assuming it is of a high enough quality.

4. PV electricity is DC, but we require AC supply for
appliances so for converting DC to AC we require
inverters which increase the cost further.

5. If PV cells get hot, electricity generation falls
significantly. Integrated PV arrays need ventilation
to cool then at the back, typically natural draught.
Feltrin et al. analyzed several photovoltaic
technologies, ranging from silicon to thin films,
multi-junction and solar concentrator systems for
terawatt level deployment of the existing solar cells,
and for each technology, identified improvements
and innovations needed for further scale-up[40].
Future Scope

Photovoltaic is one of the fastest growing industries
worldwide and in order to maintain this growth rate
need for new developments with respect to material
use and consumption, device design, reliability and
production technologies as well as new concepts to
increase the overall efficiency arises. [41]. Feltrin et
al. analyzed several photovoltaic technologies,
ranging from silicon to thin films, multi-junction and
solar concentrator systems for terawatt level
deployment of the existing solar cells, and for each
identified
innovations needed for further scale-up [42].

technology, improvements and
Muneer et al. described solar PV
Electricity as the solution of future energy
challenges and the modular approach adopted to
meet the year 2025 energy demand of six major
cities in India: Chennai, Delhi, Jodhpur, Kolkata,
Mumbai indicates that the

suggested solar hydrogen based energy network has

and Trivandrum,

the capability of providing the energy requirements
[43]. Feltrin et al. analyzed several photovoltaic
technologies, ranging from silicon to thin films,
multi-junction and solar concentrator systems for
terawatt level deployment of the existing solar cells,
and for each technology, identified improvements
and innovations needed for further scale-up [44].
Conclusion

The installed PV module system greatly helps
reducing the carbon dioxide emission in the
environment and safe for global warming problems.
The Successful deployment of PV cells on building
facades or roofs will greatly reduce the need for
additional land for electricity generation from new
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PV  market is
developing at very high rate of 35-40% per year.

generation stations. Currently,
Also, with the evolution of the new generations, the
new technologies are used making PV cells giving
maximum efficiency and making the PV system
the market. Thus, PV

technology is becoming very economical day by day.

more commercial in

[8].
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