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TECHNOLOGY AND PROSPECTS OF USING SOLAR ENERGY

Abstract. This article deals with the effective use of solar energy and presents a comparative analysis of
different ways of converting solar energy into electrical. Solar energy is the kinetic energy of radiation (sunlight),
formed as a result of reactions inside the Sun, its reserves are practically inexhaustible. In natural ecosystems, only a
small fraction of solar energy is captured and stored as potential energy of organic matter. Its decomposition meets
the energy needs of all other components of ecosystems. Regardless of whether we use solar energy or not, it will not
affect the energy balance of the Earth and the state of the biosphere. The main novelty of this work is the intro-
duction of redirecting surfaces which has not been previously used by the solar energy industry. These designs help
to distribute light evenly over the surface of the solar cell and do not lead to overheating of the system. They also
contribute to a significant increase in its effectiveness. The inspiration for this project has been caused by the re-
cently introduced technology of windows. This window technology is capable to redirect sunlight and provide a
high-quality lighting of residential premises. The idea of this technology is based on the achievements of micro-
optics using uneven surfaces. The light that passes through the window changes its direction and illuminates the
ceiling, which in turn helps to avoid direct contact with the human eye.

Keywords: collector of solar rays, solar system, heat exchanger, energy source.

Introduction. Over the past decades, interest in non-traditional and renewable energy sources has
increased significantly and continues to increase, because they areunlimited in many respects. The
hydrocarbon fuel supplies become less reliable and more expensive, so these non-traditional sources
become more attractive and more economical. The increase in oil and gas prices was the main reason why
people started to pay their attention again to water, wind and Sun.

The potential of energy based on direct solar radiation is extremely high.

Using only 0.0005% of the Sun's energy it is possible to meet all the current needsfor energy in the
world, and using 0.5% of the Sun's energy we wouldbe able to cover all the demand forenergy in the
future.

It is estimated that a small percentage of solar energy is sufficient to ensure transport, industry and
household needs not only now, but also in the foreseeable future [1]. Moreover, regardless of whether we
use solar energy or not, it will not affect the energy balance of the Earth and the state of the biosphere.

However, the sun's rays fall on the surface of the Earth, never reaching a special intensity. Therefore,
it is necessary to catch the energy of the sun rays on a relatively large area, concentrate the energy and
turn it into a form that can be used for industrial, domestic and transport needs [2]. In addition, it is
necessary to find the way how to store solar energy in order to maintain energy supply at night and on
cloudy days. These difficulties and the required costs for overcoming the problem make people think that
this energy resource is impractical. However, in many cases the problem is exaggerated. It is important to
find the way how to use the solar energy with minimal or even zero cost [3]. As technologies improve and
traditional energy resources become more expensive, this energy will find new applications.
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Currently, the electricity voltage does not match the pure sine wave and has distortion, that occur
when using semiconductor converters. Therefore, solar inverters power plants must be adapted to the
mains. The use of microprocessor-based inverter control is necessary for a solar power station, which
converts solar energy into electricity. It should be noted, what is a microprocessor control system inverter
instantly reacts to changes in mains voltage, excluding emergency conditions. At the same time, solar cells
persist and takes place maximum e¢lectrical conversion solar power in the mains [4].

When creating information systems for complex object modeling of solar power plant processes
based on various methods and algorithms, the most common modern software products are used. The need
to process large amounts of information requires the development of new intelligent technologies based on
various modern approaches [5].

Current systems:

Today, there are two main large-scale methods of solar energy conversion:

1. Photoelectric converters (PhEC) are semiconductor devices that directly convert solar energy
into electricity. This method is based on the phenomenon of photoelectric effect discovered in the far
twentieth century by Albert Einstein. The conversion of sunlight into electricity occurs in solar cells made
of semiconductor material, such as silicon, which under the influence of sunlight produces an electric
current. By connecting solar cells into modules, and those, in turn, with each other, it is possible to build
large photoelectric plants. The efficiency of such photoelectric plants is currently about 30%. The biggest
model of such construction, "Aqua Caliente Solar Project" is in Arizona, USA. Its capacity reaches
approximately 400 mW.

This conversion method consumes only that part of the solar energy that gets directly to the surface
of the photoelectric cell. This is one of the main drawbacks of this method. To use it more effective, there
is a need to focus sunlight [6]. This idea is widely used in solar structures, which are described below.

2. Solar power plants (SPP) are solar installations, using highly concentrated solar radiation as
energy to drive thermal and other machines (steam, gas turbine, thermoelectric, etc.). The basis of this
design is a system of mirrors concentrating sunlight [7].

One of the largest focusing solar installations "Mojave Desert California" is located in the United
States of America. Its capacity is about 350 MW, which is enough to supply ¢lectricity to one large city.
However, such systems also have significant drawbacks. These disadvantages are the need to install addi-
tional elements to convert solar energy, which inevitably leads to some financial costs and huge energy
losses in the conversion process.

Concentrated photoelectricity:

Taking into account the advantages and disadvantages of the structures described above, a new
system based on the concentration of sunlight on photoelectric cells with help of parabolic mirrors was
proposed in the 1970s.

Based on the property of the parabolic mirror, the reflected light is concentrated on the surface of the
solar cell, which can significantly reduce the cost of its production. However, this design has two
significant drawbacks.

1 - The light is focused on the solar cell and spreads unevenly across its surface, which leads to a
decrease in the efficiency of the system.

2 - Due to the concentration of a huge amount of light, the surface temperature of the solar cell
increases significantly, which also leads to a decrease in the efficiency of the design [8].

In view of these drawbacks, there is a need for a modem system in which the redirected light is
distributed evenly over the solar cell surface and would be in the amount that would not lead to over-
heating of the structure. The main idea of this project is to improve these drawbacks.

The main novelty of this work is the introduction of redirecting surfaces which has not been pre-
viously used by the solar energy industry. These designs make it possible to distribute light evenly over
the surface of the solar cell and do not lead to overheating of the system. They also contribute to a signi-
ficant increase in their effectiveness.

The inspiration for this project has been caused by the recently introduced technology of windows.
This window technology is capable to redirect the sunlight and provide high-quality lighting of residential
premises. The idea of this technology is based on the achievements of micro-optics using uneven surfaces
[9]. The light that passes through the window changes its direction and illuminates the ceiling, which in
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turn helps to avoid direct contact with the human eye. The glass used in such a window has a rough
surface, which causes the redirection of light.
A detailed description of the light redirection process is shown in figure 1 below.
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Figure 1 — A model of a photoelectric solar system (PhES system) installed on the earth's surface

A typical model of a photoelectric solar system (PhES system) installed on the earth's surface is
illustrates in figure 1.

Figure 1 shows a top view of a similar converter. Here:

R — the surface of the solar cell

G — the surface of the earth

T — the width of the unit

O - the optimal angle of inclination of the photoelectric surface

P — the optimal distance between individual photo panels

This paper presents a low-cost and effective method for improving the model of the photoelectric
converter mentioned above. This method is based on the use of lost sunlight L. cdue to redirecting it by
micro-optical surfaces.

The main feature of the redirecting surface S is that, regardless of the position of the sun, the light is
reflected from the surface and always gets the photocell R. Therefore, the system will be working the
whole year. So, there is no need to use expensive structures that turn the system towards the sun. Its only
drawback is the instability to the strong wind due to its volumetric location. In view of this drawback,
alternative design models may be proposed.

The principle of operation of the redirecting surfaces is based on the laws of elementary geometric
optics when light passes through different media. Depending on the method of action, this paper presents
two different models of surface design [10, 11].
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Figure 2 — Surface models: a — Three-dimensional pattern; 6 — rays are directed at a relatively small angle
to the surface of the earth; B — redirecting element in the case of the corresponding time t2

Figure 2 shows a diagram of the first surface model in its three-dimensional design, moreover, the
figure shows a several times enlarged element of the structure, where the numbers 1, 2 and 3 indicate the
surface of the reflection of light when it passes through the inner part of the redirecting panel. The width
of one "tooth part" of the structure is indicated by W1 and can take values from 0.05 mm to 50 mm. When
the size of W1 is decreasing, the distribution of the reflected light on the surface of the solar cell is beco-
ming more uniform. However, the production of small-toothed models will be more expensive than large-
toothed ones.

The main advantage of the design presented in the model 1 is the presence of a smooth surface on the
top layer of the panel, which greatly simplifies the solution of problems arising in the process of cleaning
the structure.

Regions 1, 2 and 3 are mirror surfaces, where 1 and 3 have a parabolic shape, such that the light L
after its reflection from the surface 3 is directed to the surface 1 and changes its direction so that when it
exits the panel medium, it moves along the RD line.

Figure 2 (0) (lower left corner) shows the process of lightpassing through the panel at time t1, when
the radiation is directed at a relatively small angle to the earth's surface. The letter A indicates the region
of solar radiation, when the sun rays will be redirected to the photoelectric surface. The process of light
passing can be described in the following way: the rays of the sun L(tl) are moving along the direction
ID1 at the corresponding time t1, after passing through the upper surface, it will be directed to the mirror
region 3. After the reflection, the light will be redirected to the surface 1, from which it will again rush to
the upper edge of the panel. At refraction through this edge, the radiation will move along the RD line,
which corresponds to the direction leading to the photoelectric cell.

Due to the basic property of the redirector in the case of the corresponding time t2 shown in figure
3(B), the light is initially directed along the ID2 line, after passing through the surface, it will also be
redirected along the RD ling, similar to the previous case described in figure 2(6). This property allows the
system to function throughout the year, regardless of the position of the sun that greatly increases the
efficiency of the design.
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Model 2:

(a)

Figure 3 — Design model of the redirecting surface:
a — Three-dimensional pattern of the element; 6 — movement in the direction of ID1; B — the initial direction of ID2

Figure 3 shows the second possible design model for the redirecting surface. This model has a
parabolic and rounded top surface. The bottom surface is like a smooth mirror. Three-dimensional pattern
of the construction is presented in figure 3 (a). Here, the number 1 is the lower mirror layer of the system.
And figures 2 and 3 show alternating parabolic circles.

The process of operation of this model is similar to the previous one: the sunlight L(t1) correspon-
ding to the time t1 moves in the direction ID1,which has a relatively small angle of inclination to the hori-
zontal plane (see figure 3(6)). After refraction through the surface 2 the rays move to the mirror layer 1.
Reflected from this layer, the light is redirected to the parabolic region 3, refracted through it the light will
have the direction RD and the ray moves directly to the photoelectric surface. For the moment t2, the ray
will have an initial direction ID2, which is steeper relative to the horizontal plane than at the moment t1
(see figure 3 (B)). However, after passing through the redirector, the radiation will be directed along the
RD line, the same direction as for the time t1. Thus, regardless the position of the sun, the structure will
redirect the light to the surface of the photoelectric cell throughout the year.

A clear advantage of model 2 over model 1 is that it redirects almost all of the light falling on its
surface, while model 1 uses the amount of light passing through the limited region- A. However, a signi-
ficant drawback of the 2™ model is in convenience during the process of cleaning the upper surface,
because it does not have as smooth shape as the 1*model.

Conclusion. So, in conclusion, it would be reasonable to consider all the advantages of the proposed
system in this work. Firstly, as mentioned earlier, the design will operate 70% of time in a year, which in
turn will increase the generation of photoelectric power by 25-30%. For example, let’s assume that the
system is installed on the world's largest photoelectric converter (AquaCalienteSolarProject),its power is
400 MW. If this capacity is increased by 30%, the amount of additional generated energy will be about
120MW, which is enough to provide ¢lectricity to the city with a population of 150-200 thousand people.
In addition, it is possible to consider the reduction of electricity prices as a result of the installation of
redirecting systems. Today, 1kW*hour of photoelectric energy costs about $ 0.15. Using the additional
systems presented in this work, the price for 1 kW*h of energy of photoelectric converter will fall to about
0.1 dollars.
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Secondly, as described carlier, the redirecting surfaces used in this project contribute to the uniform
distribution of the reflected light on the surface of the solar cell compared to the concentrating parabolic
systems presented above, which will help to avoid overheating of the system, and will cause long-term
service of the structure.

Also, one of the most important features of this work is that the production of redirecting surfaces
will be simple and inexpensive. In addition, it is important to note the fact that Kazakhstan and many re-
gions of Central Asia are located at the latitudes advantageous for the installation of PhEC structures with
additional systems proposed in this work. In view of this, it is possible to propose this project as a possible
option for the development of alternative energy in the countries of Central Asia.
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KYH SHEPTUACHIH MANJIAJTAHY
TEXHOJIOI'HACHI ’KOHE NEPCIIEKTUBAJIAPBI

AnHoTtamust. by Makanaga KyH SHEPTHACHIH MAHJaNaHy, KYH SHEPTHACHIH 3JICKTP JHCPTHACHIHA AWHAIIbI-
PYABIH OPTYPII TOCUIAEPIH CATBICTHIPMAIIBI TANAAY KAPACTHIPbUFaH. KYH 3HEPTUACH — KYHHIH TEPEH KOHHAYbIHAFbI
peaKnMAIAPABIH HOTIDKCCIHAC Taiga OO0JFaH PaaWaIMsIHBIH KHHCTHKANBIK 3HEPTISICH (HETI3IHEH >KApbIK MIbIFa-
PYABIH), OHBIH KOPJApPBI ACPIIiK CAPKbLIMAHAEL, TaOuFu SKOKyleaepAec KYH SHCPTHACHIHBIH KIMIKCHE Oeiri raHa
OPTaHMKAJBIK 3aTTapAbIH IIOTCHIMAIBI 3HEPTHACH PETIHAC YCTANBII, cakraiambl. OnapiplH >KiKTenyiHe Oaiima-
HBICTBI JKOKYHETICPHiH Oapiplk 0acka KOMIOHCHTTCPIHIH JHCPTHA KAKCTTUIKTCPI KaHAFaTTaHABIpHITAnbl. KyH
SHCPTHACHIH KOJJAaHAMBI3 04, ’KOK Ia CKCHIHE Toyenci3, 01 XKepaiH sHCPreTHKATBIK 0aJaHCHIHA JKOHE OHOC(CPAHBIH
KyHiHEe ocep ermelai. by »KyMbICTBIH 0acThI )KaHAIBIFBI — KYH 3JICKTP CTAHIMACHI OYPHIH MalnantaHOaraH Kaira
OarpITTaymisl OCTTCPiH CHTI3y. byl KOHCTpYKUmsAIap (POTOIIEMEHTTIH OCTiHEe OipKENIKI YICCTIpiN, KYHCHIH KBI3BIT
KeTyiHe o0 Oepmeiini. Omap coHmai-ak OHBIH THIMZILUTITIH aHTAPIIBIKTAl apTTHIPY¥Fa BIKNAN ereai. by xko0a TypreiH
YH-Kaliapapl ;KOFApbl Camaibl MKAPBIKTAHABIPY YIIH KYH COVJECIH KalTa OarbITTayfa Kabinmerri. Byn TexHomo-
THSHBIH WACSCHI OIPKENIKI eMec OeTTepAl MUKPO-ONITHKA JKETICTIKTEpiHE KOJAAHyFa HerizaenreH. TepeseneH 6TKeH
JKapBIK OAFBITHIH ©3TCPTIl, TOOCHI KAPBIKTAHABIPAAbL, OYJI €3 KE3ETiHAC aAaMHBIH KO3IHE TYCETIH TiKeneH coy-
JCICpAiH matina 00Ty sIHA KO OepMei.

Tyiiin ce3aep: KYH KOJUICKTOPBI, TEIHOCHCTEMA, YKBUTY aJIMACTBIPFBIMI, SHEPTH KO31.
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TEXHOJOI'AA U NEPCHEKTUBBI
HCIIOJIb30BAHUA COJTHEYHOU JHEPTUHA

AnnHoTanms. B 1aHHOH CTaThe PACCMOTPCHBI BOMPOCH! HCHOIB30BAHAA COTHCYHOM SHCPTHH, MPOBEIACH CPaB-
HUTCJIBHBI AHAIHM3 PA3IMIHBIX CIMOCOO0B IPEOOpPA30BAHHUS CONHEYHOH SHEPrHM B 3NEKTpuueckyro. CoiHeuHas
SHCPTHA — KHHCTHYUCCKAS YHCPTHA H3IYUCHHA (B OCHOBHOM CBCTA), 00PA3YIOMAAC B PE3YIBTATC PCAKIMH B HEIPAX
Commna, e¢ 3amachl MPAKTHICCKA HEHCTOIMUMBL B eCTECTBEHHBIX SKOCHUCTEMAX JIMING HEOOIbIIAS YACTh COTHEUHOH
SHCPTHH YIABIABACTCA W 3aMACACTCH B BHJAC MOTCHIHATHHOW SHCPTHH OPTaHHYCCKHX BCIICCTB. 3a CUCT MX Pasiio-
JKCHIS Y AOBJICTBOPAIOTCSA SHCPICTHICCKUC 1'[0Tpe6HOCTI/I BCEX OCTANBHBIX KOMIIOHCHTOB dKOocHCcTeM. HezaBucHMO OT
TOTO, Oy/IEM MBI HCIIOJIB30BaTh COTHEYHYIO SHCPTHIO WM HET, Ha 3HEPICTHUCCKOM OamaHce 3eMIM M COCTOSHHH
omoc(eps! 310 HEKAK HE OTpasutcsa. OCHOBHON HOBH3HON TAHHOH PAOOTHI ABIICTCA BHCAPCHHC MCPCHANPABILIIO-
X TOBCPXHOCTCH, PaHES HC WCMOIB30BAHHBIX COJTHCYHOW MHCPTOMHAYCTPHCH. JTH KOHCTPYKIHH MO3BOJIFOT

—— 178 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

PABHOMEPHO PACIPEACTHTH CBET MO MOBEPXHOCTH (DOTORNEMEHTA H HE MPUBOIAT K MCPETPEBAHUIO CHCTEMBIL. Taroke
OHH CNOCOOCTBYFOT 3HAYATCIEHOMY VBEIHUCHHIO €¢ 3((PeKTHBHOCTH. BIOXHOBCHHEM A1 JAHHOTO MPOCKTA MOCTY -
JKUIA BHCAPCHHAS HCJABHO B MPOHM3BOJACTBO TCXHOJOTHS OKOH, CIIOCOOHBIX MCPCHAMPABIITH COTHCUHBIN CBET IS
KAYCCTBCHHOTO OCBCIICHHS JKHIOTO MOMCIICHHSI. B OCHOBE MACH JAHHOW TCXHOJOTHH JICHKAT JOCTHIKCHHUS MHUKPO-
ONTHKH C HCIOJIB30BAHAEM HEPABHOMEPHBIX MOBEPXHOCTeH. CBET, MPOLICAMIHI Yepe3 OKHO, MCHACT CBOC HANPAB-
JCHHEC M OCBCILACT MOTOJOK, YTO B CBOK) OHUCPEeOb CIOCOOCTBYET M30CTAHUIO MPAMOTO MOMAJAHHUA NMyYeH B Iia3a
YETIOBCKA.
KaroueBsie ¢c10Ba: COMHEUHBIH KOICKTOP, TCIHOCHCTEMA, TCIOOOMCHIIUK, HCTOYHAK SHCPTHH.
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