
Sustainability Of Low Cost Electricity Production Through Development And Application Of
New Materials For Solar Energy Production

C.I. Nwoye1*, B. Ejezie2 and U.C. Nwoye3

1Department of Materials and Metallurgical Engineering, Federal University of Technology, P.M.B. 1526, Owerri,
Imo State, Nigeria. 2Department of Electrical Engineering, Anambra Imo River Development Authority, Owerri,

Imo State, Nigeria. 3Department of Electrical Engineering, Weatherford Nigeria Ltd.,
Port Harcourt, River State, Nigeria.

Abstract
Attempt has been made to review some studies carried out to develop new materials for producing electricity
from Sun‘s heat energy. Results of the various investigations show that electricity could be produced,
enhanced and sustained at reduced cost through application of newly developed materials such as carbon
nanotube, semicrystalline polymers known as poly3-hexylthiophene or P3HT and nanoparticles (CdS,
CdTe, InP, GaAs, PbS, and PbSe) produced by non hydrolytic colloidal synthetic methods, for solar cell
design. These cells are adapted for direct conversion of solar radiation to electricity as a result of the extra
ordinary electrical properties possessed by the cell design materials. Enhanced efficiency of solar electricity
production (through utilization of solar cells made with these materials) is guaranteed when these materials
are combined.
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1.0 Introduction

Solar energy has been reported (Microsoft Encarta,
2007) to be radiation produced by nuclear fusion
reactions deep in the Sun’s core. The Sun provides
almost all the heat and light received by the Earth
and therefore sustains every living being directly or
indirectly. Solar energy travels to earth through space
in discrete packets of energy called photons. On
the side of Earth facing the Sun, a square kilometer
at the outer edge of our atmosphere receives 1,400
megawatts of solar power every minute. Only half
of that amount, however, reaches Earth’s surface.
The atmosphere and clouds absorb or scatter the
other half of the incoming sunlight. The amount of
light that reaches any particular point on the ground
depends on the time of day, the day of the year, the
amount of cloud cover, and the latitude at that point.
The solar intensity varies with the time of day, peaking
at solar noon and declining to a minimum at sunset.
The total radiation power (1.4 kilowatts per square
meter, called the solar constant) varies only slightly,
about 0.2 percent every 30 years. It is strongly
believed that any substantial change in this value
would alter or end life on Earth (Microsoft Encarta,
2007).

1.1 Direct collection of solar energy

There are two main types of artificial collectors which
directly capture and utilize solar energy: flat plate
collectors and concentrating collectors (Microsoft
Encarta,  2007). Flat plate collectors (Figure 1) are
typically flat, thin boxes with a transparent cover that
are mounted on roof-tops facing the Sun. The Sun
heats a blackened metal plate inside the box, called
an absorber plate, that in turn heats fluid (air or water)
running through tubes within the collector. The energy
transferred to the carrier fluid, divided by the total
solar energy that falls on the collector, is called the
collector efficiency. Flat plate collectors are typically
capable of heating carrier fluids up to 82°C (180°F).
Their efficiency in making use of the available energy
varies between 40 and 80 percent, depending on
the type of collector (Microsoft Encarta,  2007).

These collectors are used for water and space heat-
ing. Homes employ collectors fixed in place on roofs.
In the Northern Hemisphere, they are oriented to
face true south (± 20°); in the Southern Hemisphere,
they are oriented to face north. For year-round ap-
plications such as providing hot water, they are tilted
relative to the horizontal at an angle equal to the lati-
tude ± 15°. In addition to the flat plate collectors,
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typical hot-water and space heating systems include
circulating pumps, temperature sensors, automatic
controllers to activate the circulating pump, and a
storage device. Either air or a liquid (water or a
water-antifreeze mixture) can be used as the fluid in
the solar heating system (Microsoft Encarta,  2007).
A rock bed or a well-insulated water storage tank
typically serves as an energy storage medium. Con-
centrating collectors are used for air conditioning,
central power generation, and many industrial heat
requirements where flat plate collectors cannot pro-
vide carrier fluids at high enough temperatures to be
effective. The concentrators move to track the Sun
using devices called heliostats.

Solar cells called photovoltaics made from thin
slices of crystalline silicon, gallium arsenide, or other
semiconductor materials convert solar radiation di-
rectly into electricity (Microsoft Encarta, 2007a).
Light can be separated into many different wave-
lengths. Consequently, the light that hits the power
cell has a wide range of energies, and different semi-
conductor materials react differently to different light
wavelengths. Some solar electric cells have layers
of semiconductor mediums, even layers of different
mediums, in an attempt to maximize efficiencies. The
most common type of solar cell is Crystalline Sili-
con, of which there are two primary types; Single-
Crystalline Silicon and Poly-Crystalline Silicon
(Microsoft Encarta, 2007a). Single-Crystalline is
more efficient but also more expensive to produce

Figure 1: Flat plate collector (Microsoft Encarta, 2007b)

(usually limited to commercial and residential appli-
cations). Both are still very fragile, and usually sand-
wiched between rigid sheets of glass, for protec-
tion. The main impediment to increased reliance on
solar power is cost. Most experts believe the cost
of solar cells must fall by 50 to 75 percent to be fully
competitive with coal-fired electricity.

One breakthrough that promises to significantly re-
duce costs is the development of a new generation
of thin-film solar cells. These cells are less than one
one-hundredth the thickness of conventional solar
cells. They do not need to be sliced or rigidly en-
cased, eliminating a costly process, and they can be
made into large, flexible sheets ideal for integration
into building materials. Thin-film solar cells also use
less raw material, further reducing costs.

2.0 Development of New Materials for
Solar Energy Production.

2.1 New hybrid materials for solar cell
development

New hybrid solar cell material for solar energy
production has been developed (Berkeley, 2002)
whereby, light energizes the atoms of the material,
and some of the electrons in those atoms are knocked
loose and remain free much longer than ever
before. In designing the hybrid material, different
molecular configurations were considered.
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Molecules of the new material were synthesized
(Berkeley, 2002) in a liquid solution, and
measurement of the frequencies of light the molecules
absorbed were carried out. Also measured was the
length of time the excited electrons remained free in
the molecules.This resulted in the design of a material
that contains three band gaps and capable of
capturing more than 50 percent of the Sun’s energy.
The molecules were found (Berkeley, 2002) to
fluoresce and phosphoresce. Both luminous effects
are caused by a material absorbing and emitting
energy, but phosphorescence lasted much longer.
The new material was also found to emit electrons
in two different energy states; one called a singlet
state, and the other a triplet state (Berkeley, 2002).
Both energy states are useful for solar cell
applications, and the triplet state was found to lasts
much longer than the singlet state. Electrons in the
singlet state were found to stay free for up to 12
picoseconds, or trillionths of a second. But electrons
in the triplet state stayed free 7 million times longer;
up to 83 microseconds, or millionths of a second.
On depositing the molecules in a thin film, similar to
how they might be arranged in an actual solar cell,
the triplet state was found to last even longer; 200
microseconds (Berkeley, 2002). It is expected that
this excited state is capable of allowing better
manipulation for charge separation.

2.2 New Nanocrystals for Solar Cell
Development

Semiconductor nanocrystals also called quantum

  Figure 2: Showing solar heating system for summer and winter, (Microsoft Encarta, 2007b)

dots exhibit outstanding optical properties. They
exhibit a broad absorption spectrum, a narrow
emission band and large absorption cross sections
(Berkeley, 2002). Their surfaces can be covered
by a few monolayers of different semiconductor
materials in such a way that improvement of their
luminescent properties and stability can either be
done or the fluorescence is avoided to obtain charge
carriers. The latter effect opens tremendous
alternatives in photovoltaics which converts solar
radiation directly to electricity. Examples of
nanoparticles produced by non hydrolytic colloidal
synthetic methods are CdS, CdTe, InP, GaAs, PbS,
and PbSe. However, the most studied system is
CdSe, with tunable emission from blue to red. Due
to the synthetic approach (hot injection method), the
surface of these nanoparticles is capped with an
organic shell that protects them and makes them
stable in non-polar organic solvents. It is also
possible to controllably replace the initial organic shell
for water compatible ones. The organic shell plays
a relevant role in the quantum efficiency of the
nanoparticles and their stability in different media
(Berkeley, 2002).

Carbon nanotubes (Figure 3) are another example
of nanomaterials with extraordinary electrical
properties (Berkeley, 2002). They consist of one or
several rolled up graphene layers. In the case of a
single layer they are called single-wall and multi-wall
when several layers are rolled-up. Hybrid materials
composed of semiconductor nanoparticles and
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carbon nanotubes combine the high absorption
properties of the former and the high electrical
conductivity of the latter (Berkeley, 2002a).

Formation of the nanocrystals were found to involve
the growth of nanoparticles on previous defect sites
provoked on the surface or edges of carbon
nanotubes by aggressive chemical means (Berkeley,
2002a). These aggressive treatments were found to
render oxidized nanotube surface or even structural
damage that deteriorates their outstanding electrical,
mechanical, and optical properties significantly. Thus,
supramolecular or electrostatic functionalisations are
better approaches for photovoltaic applications. The
composites formed show photoelectrical response,
injecting charge carriers in the nanotubes upon
nanoparticle excitation.

Figure 3: Image of a nanoparticle surrounded by
organic ligand and a carbon nanotube (Berkeley,
2002a).

2.3 Combination of Nanomaterials and
Plastic For Solar Cell Development

Semiconductor nanorods can be used to fabricate
readily processed and energy-efficient hybrid solar
cells together with polymers. Conducting plastics
(polymers which feature conjugated double chemical
bonds, enabling electrons to move through them)
have been designed and found useful as materials
for the fabrication of solar cells. However, the
efficiency with which these plastics convert light into
electricity has been quite poor compared to the
power-conversion efficiencies of semiconductor
cells. These are semicrystalline polymers known as

poly (3-hexylthiophene), or P3HT. It is the
conjugated polymer with the highest hole mobility
found so far. Higher hole (and electron) mobility
means that charges are transported more quickly,
which reduces current losses (Alivisatos, 2002).

Berkeley (2002b) prepared solar cells by co-
dissolving the nanorods with the P3HT and spin-
casting the hybrid solution onto a glass substrate. It
was found that with CdSe rods measuring 7
nanometers by 60 nanometers, the hybrid solar cells
achieved a monochromatic power conversion
efficiency of 6.9 percent, one of the highest ever
reported for a plastic photovoltaic device (Alivisatos,
2002). Monochromatic power efficiency measures
the ability to convert room light (which is mostly
visible light) into electricity. They found that by
keeping the length of the rods constant while
modifying the diameter, the absorption spectrum of
the cells is configured to overlap with the solar
emission spectrum. This was found to not only enable
the hybrid cells to collect more light than typical
plastic solar cells, but it also opens the door for high-
efficiency devices in the future, such as tandem solar
cells. Berkeley found that the efficiency of hybrid
cells for converting sunlight into electricity was only
1.7 percent at A.M. 1.5 (when the sun is at a 41.8-
degree angle to the horizon), which is far off the mark
of the best semiconductor solar cells.

3.0 Conclusion

Based on the reviewed research findings, electricity
production from solar radiation could be sustained
at reduced cost through integration of materials such
as carbon nanotube , semicrystalline polymers
known as poly3-hexylthiophene or P3HT, and
nanoparticles (CdS, CdTe, InP, GaAs, PbS, and
PbSe) produced by non hydrolytic colloidal
synthetic methods for solar cells design. This is
because these materials have extra ordinary electrical
properties. Enhanced efficiency of solar electricity
production (through utilization of solar cells made
with these materials) is guaranteed when these
materials are combined. However, a major limitation
to the applicability of these newly developed
materials for solar electricity production is the low
efficiency in the conversion of solar radiation to
electricity by solar cells made with these materials.
It is therefore now, pertinent and needful to under-
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take an intensive and extensive improvement-
oriented research on these materials (to enhance the
conversion efficiency of the solar radiation incident
on the solar cells made with the materials) through
collaborative efforts of chemists, physicists and
engineers.
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