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Abstract: In this article the production of electricity using photoelectric power is discussed, the principle of
photoelectric cells is described, a comparison of their performance depending on the type and matenial 1s
conducted and analytical expressions describing the principle of operation of a solar power plant are presented.
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INTRODUCTION

Almost all currently existing methods of generating
electricity are of the same nature. Power plants which use
coal, natural gas or nuclear fuel are used to heat water to
obtain high-pressure steam, which is used to turn a steam
turbine, connected to the alternator.

Electricity production due to the use of photoelectric
power is fundamentally different from other tvpes of
electric power generation, since the production of
electricity due to photoelectric power eliminates the need
for a turbine and a generator-electric power is produced
by photoelectric modules (solar panels) which donothave
any mechanical parts that are subject to wear (Islam et al.,
2014; Batista et al., 2013).

The amount of energy received by the Harth in just
one hour is more than what the population of the planet
needs throughout the year. The total flow of solar energy,
intercepted by the Earth on any particular day, is
4.2x1018 Watt hour, or 1.5x1022 J (or 6,16x1020 JTh™).
This is equivalent to burning 360 billion tons of oil per
day, or 15 billion tons per hour.

The actual total consumption of all forms of energy in
the world is in average only 4.24x1020 J. according to
this, the use of photoelectric power plants is one of the
main directions of development of electric power
industry.

The purpose of this article is to conduct a comparative
analysis of the performance of photoelectric cells,
depending on the type and material.

MATERIALS AND METHODS

Sunlight consists of photons or particles of solar
energy. These photons contain different amounts of
energy corresponding to different wavelengths of the solar
spectrum (Fig. 1).
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wavelength

energy depending on the

When photons strike a photoelectric cell, they can be
reflected, pass directly or be absorbed, while the absorbed
photons provide energy to generate electricity.

When a sufficient amount of solar light (energy) is
absorbed by material (semiconductor), electrons are
displaced from the atoms of the material (Fig. 2). A
Special surface treatment to the material of photoelectric
cell, at production, makes it more susceptible to free
electrons, therefore electrons naturally migrate to the
surface. When the electrons are moving, each of them
carries a negative charge, holes on the front surface of the
cell are formed and the charge imbalance between the
front and back surfaces arises and produces a voltage
potential, such as positive and negative battery terminals.
When connecting surfaces through an external load, an
electric current occurs (Inganas and Sundstrom, 2016).

The interaction of photons with the material of
the photoelectric cell (element) is determined by the
well-known expression:

Ep=hv (1

Where:

E, = Energy of absorbed photons

h = Planck's constant (6.63x107)

v = Trequency of electromagnetic radiation (sunlight)
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Fig. 2: Photoelectric cell operation

Although, the simplicity of the operating principle,
photoelectric modules have a very complicated structure.
Let us consider the main types and methods of
manufacturing photoelectric elements in more detail.

Types of photoelectrical cells: Photoelectric cells or
photocell can be made in various ways and from different
materials. Despite this difference, they all perform the
same task of collecting solar energy and converting it
into usable electricity. The most common material for
the design of solar panels is silicon, which has
semi-conductive properties (Hussain and Uzair, 2013).
Combining photocells in one body {orm solar panels from
which a photoelectric array is made up in further.

Currently there are several technology types of
manufacturing the photoelectric cell: monocrystalline
silicon, polycrystalline silicon, thin silicon films,
cadmium telluride elements (CdTe) and high efficiency
photoelectric technology (gallium arsenide (GaAs) multi
Junction elements).

The first commercially available photoelectric cells
were made of monocrystalline silicon, which 1s an
extremely pure form of silicon. To obtain them, the
inoculating crystal is drawn out of the mass of molten
silicon, creating a cylindrical bullion with a single
continuous crystal lattice structure. Then this crystal is
mechanically sawn into thin plates 200-250 microns thick,
polished and processed to create the required p-n junction
with minimal reflection. After the anti-reflective coating
1s added and the front and back metal contacts are
connected, the cell is assembled and packed together with

(2)

Fig. 3(a-b): Silicon elements (a) Single crystal and
(b) Polycrystalline

other cells in the solar panel (Anonymous, 2015).
Production of monocrystalline silicon photocell panels,
despite their effectiveness, is a slow, laborious and
expensive process in comparison with polyerystalline or
thin-film analogs. The price of such modules is about
53 rub/w and Modules manufactured using this
technology are typically characterized by uniform dark
blue color (Fig. 3a) (Islam et al., 2014).

Polycrystalline silicon cell 1s made of silicon bullion
containing many small crystal grains (Fig. 3b). The
obtained plates, by this way, have a square shape with a
thickness of 180-300 microns. Polycrystalline silicon
photocells are cheaper but less effective in comparison
with a monocrystalline thus currently more than 70% of
photocells in the market are polycrystalline. Modules cost
is 50 rub/w.

Photocells can also be made in the form of thin films,
which makes them more flexible and durable. One of the
thin-film photocell types is an amorphous silicon (a-S1),
which is formed by the deposition of thin layers of silicon
on a transparent substrate. The result is a very thin and
flexable cell, wherein less than 1% silicon 1s used, which
isnecessary for creating crystalline photocell. The surface
of the semiconductor film has a thickness of several
microns relative to crystalline silicon cells, which are
several hundred microns (Anonymous, 2017).

Due to the small amount of raw materials required
and the less energy required for the production process,
amorphous silicon cells have a low production cost
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but their efficiency is much lower because silicon atoms
are less ordered than in crystalline forms, which leads to
the presence of electrically inactive bonds. Another
disadvantage of photocell films is a 20% reduction in
efficiency during the first few months of operation until
stabilization, therefore, for photocell films, at selling
stage, indicate the power rating with “Degradation” layer
(Peake, 2018).

Production of photoelectric cells from cadmium
telluride (CdTe) on a large scale due to the environmental
problems of CdTe, contained in the cell of cadmium
telluride (CdTe) is insoluble in water and more stable than
other compounds containing cadmium, it can be a
problem with incorrect processing and disposal. CdTe
photocells have higher efficiency than amorphous
silicon photocells, with a slightly higher power cost
44-47 RUB/w.

Silicon, as noted above, is not the only material
suitable for the manufacture of crystalline photocells.
Gallium arsenide (GaAs) is an alternative semiconductor
that is very suitable for applications in photoelectric cells.
Gallium arsenide has a similar crystalline structure to that
one of monocrystalline silicon but with varying gallium
and arsenic atoms (Renetal , 2017). Because of its higher
light absorption coefficient and wider bandgap, GaAs
cells are much more efficient than silicon cells. In
addition, GaAs cells can operate at much higher
temperatures without significant deterioration of
characteristics that make them suitable for concentrated
photo cells. GaAs are formed by deposition of gallium
and arsenic layers on the base of a single crystal, which
determines the orientation of the new crystal growth. This
process makes GaAs photoelectric cells much more
expensive than silicon cells and it is reasonable to use
them only when high efficiency is required, for example,
n space technologies (Kang et al., 2013).

DISCUSSION

Table 1 shows a comparison of photovoltaic cells
from different materials.

Electric power generation: A photoelectric cell can be
viewed as a current generator, the equivalent circuit
of which is shown in Fig. 4. The current I at the
output terminals equal to the current, generated by the

Table 1: Comparison of photoelectric cells

photoelectric effect, I, of the ideal current generator,
reduced by the diode current I, and a leakage current I,
Resistance R, 1s the internal resistance to the flow of the
generated current and depends on the thickness p-n
junction, existing impurities and contact resistances.
Leakage conductance G, takes into account the current
that goes to the ground under normal operating
conditions. In an ideal cell, we would have R, = 0 and
G, =0

In reality, for high-quality silicon cells, we have
R, =0,05+0,10 Omand G, = 3+3 MOm ",

The efficiency of photocells conversion strongly
depends on a small variation of R, whereas the change in
(G, affects it much less.

The open circuit voltage V,  arises when the load
does not absorb the current {I = 0), 1s determined by the
relation:

Voo = I_l (2)

The current of the diode 1s determined in accordance
with the classical expression for constant current:

QxV
Li=1I X|: eAxkx?'c - 1:| (3)
Where:
I, = Diode saturation current

Q = Electroncharge (1.6<107 " K)

A = Diode identity coefficient depending on
recombination coefficient inside the diode (for
crystalline silicon is -2)

k = Boltzmann constant (1.38x10* J/K)

T = Absolute temperature in in “K

L R,

T
@ v HG Ve

O

Fig. 4: Equivalent circuit of a photoelectric cell

Parameter Mono crystal Poly crystal | Amorphous silicon CdTe GaAs

Efficiency 16-17% 14-16% 7-8% 124 -13.4% 32.5%

Advantages  High permanent Low cost, ease of Lower cost, lower Low cost Resistance to high
efficiency, reliable  production, optimal sensitive to the temperature temperatures

overall dimensions

effect, higher output power

Disadvantages Higher amount of  Sensitive to impurities
energy needed for  in the manufacturing
production stage

Large size, construction
cost and assembly time

Toxicity, inaccessibility
of materials

Toxicity, inaccessibility
of materials
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The load current is determined by the following
expression:

QxV
SoL=L -1, ><|: eAxkx?C —1|=G xV, (4

I=I,-1

In ordinary cells, the last term of this expression, that
is, the leakage current to earth [, s negligible with respect
tothe two other currents. Asa consequence, the saturation
current of the diode can be expenimentally determined
from an open circuit for a V__unlit cell and by measuring
the current flowing inside the cell.

The current-voltage curve characteristic of the
photocell is shown in Fig. 5. Under short-circuit
conditions, the generated current is at the highest
level (1), whereas with an open circuit, the voltage
(V,, = Open circuit voltage) is at the highest level.

Under the mentioned above two conditions, the
electrical power generated in the cell is zero, while under
all other conditions, when the voltage rises, the generated
power also nises: firstly, it reaches the masxamum power
point (PM) and then drops suddenly near the open circuit
voltage value.

Volt-ampere photocell curve characteristic has the
following points:

I, : Short circuit current

V.. : Open circuit voltage

Pm : Maximum power under standard conditions
I The current created at maximum power

Vi Voltage at the point of maximum power

A power plant operating on solar energy, connected
to the grid and supplying the installation of the consumer,
can be represented by a simplified diagram, shown in
Fig. 6.

When the intensity of sunlight is high, the generated
current I may exceed required by the load I, the current
I, becomes negative and is no longer consumed from the
circuit and is introduced into it. For the diagram, it is
possible to write the following expressions:

Power consumed by user:

UZ

= ®

P,=UxI, =

Power generated by the power plant:
P, =Ux], (6)
The power transmitted by the grid:
(7
Knowing the average annual power of solar radiation

E,.. one can calculate the expected amount of energy I,
using The f{ollowing expression:

P,=L.xV,

45 1Ce|l temp. = 25°C
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Fig. 6: Power plant with a grid
B = PgXEmaXT]BOS (®)

where, E__ is the average annual power of solar radiation,
kWh/m?, 1., is the overall efficiency of all components
of a photoelectric system on the load side (inverter,
connections, losses due to temperature effect, loss due to
shading and low solar radiation, loss due to reflection).
The value of the efficiency parameter can vary from
0.75-0.85.

As an example, we calculated the power output of a
power plant with photo panels with a total power of 3 kKW
and a productivity of 1 kW/m? installed in Sochi, if the
average annual solar radiation power is 1365.1 kWh/m?
with an installation component efficiency of 0.75:

B, = P<E,,, My = 3.13651%0.75 = 30715 kWhe
®

CONCLUSION

Production of electricity using photoelectric power
compared with traditional methods is certainly promising
direction of power development. At the same time, the
main himiting factors to refuse the traditional methods of
power generation are Zeman (2014): The high cost per
kW of energy produced by the photoelectric station, Low
efficiency of photoelectric power stations compared to
conventional (efficiency of modern gas power is 60%,
while the highest efficiency of most modern Eve gallium
arsenide (GaAs) photoelectric cell, without taking
into account the efficiency of the components of the
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photoelectric station, does not exceed 32.5%), Strong
dependence of the amount of energy produced by
photoelectric power plant on average annual power of
solar radiation (for Russia, the average annual power of
solarradiation for different regions is 840-1.371 kWh/m®),
which makes it impractical to use them in some regions.
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