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TEXHOJIOTHUSIIAPBl HHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHecwTici, 3epTxana MeHrepyuici (Anmarsl, Kasakcran)
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DEVELOPMENT OF CONCENTRATING SILICON SOLAR CELLS

Abstract: renewable energy sources are a promising direction for the development of global energy.
Autonomous systems powered by solar panels are increasingly being used today. However, there is a limit to
the efficiency of silicon solar cells produced today, which can be overcome with the use of various engineering
devices. Concentrating solar cells reduce the area of the photovoltaic cells, increases the intensity of solar
radiation on the photovoltaic cells, and can reduce the overall cost of the system. In this paper, the development
of a concentrating silicon solar cell is considered. The results of experiments using a linear Fresnel lens are
shown, and the load characteristics are obtained at various degrees of solar radiation concentration. As a result
of the work done, the study of the efficiency of the solar panel using a solar concentrator was completed. The
conditions for the maximum power of the concentrating solar cell are established. Under these conditions, the
cell temperature does not exceed the operating threshold level, and the output power of the solar cell has been
increased by more than 2 times in comparison with the solar panel without the use of a concentrator. The
results obtained can be used to improve the efficiency of existing silicon solar cells.

Key words: solar cell, Fresnel lens, concentrating silicon solar cells, load characteristic, degree of
concentration.

Introduction. Today, with the development of green energy and the increasing demand for alternative
energy sources, more and more attention is being paid to ways to improve the efficiency of solar panels [1-2].
There are several ways to achieve this goal: the use of high-efficiency semiconductor materials, the use of
solar tracking systems to provide direct sunlight, and the use of solar concentrators. Technologies for
manufacturing semiconductors of materials with high efficiency are associated with high costs for their
manufacture. Solar tracking systems can increase the total amount of energy generated by a solar power plant.
The use of solar concentrators significantly increases the efficiency of solar cells [3]. With the development of
technologies for manufacturing heterostructures, their efficiency, along with the price, increases in the market.
Despite the fact that concentrating solar cells have high performance and reduce the working area of solar
cells, flat silicon solar cells are more relevant for use on a large scale due to their low cost [4,5].

Nowadays, solar power plants based on concentrating semiconductor solar cells are not used on an
industrial scale in the world. However, a large number of scientific groups are engaged in such solar cells all
over the world [6-15]. The most important tasks that they set themselves are: increasing the efficiency of solar
cells by increasing the luminous flux per unit area of the solar cell, methods for manufacturing high-
performance materials using heterostructures, and the development and manufacture of optical lenses and
waveguides for focusing on the solar cell.

One way to focus a light spot on a solar cell is to use a solar tracker [1]. The use of single-axis solar tracking
systems cannot allow accurate orientation to the Sun so that the light spot remains permanently on the solar
cell. In this regard, biaxial solar trackers are used for this purpose. Biaxial and uniaxial solar trackers can be
equipped with photo sensors or use algorithms to calculate the coordinates of the Sun. Biaxial and uniaxial
solar trackers equipped with photo sensors are often used in places with a changeable climate. The algorithm
of such tracking systems is to find the angle of inclination with the maximum amount of incident solar radiation
[16,17]. To design trackers that do not use photosensors, it is necessary to calculate the height and azimuth of
the angle of the Sun, depending on the geographical location of the tracker, as well as the day of the year and
time of day [18]. Such biaxial solar trackers can be divided into two groups: altitude-azimuthal and rotating in
polar coordinates [19]. In [20], a system for tracking the azimuthal displacement of the Sun and its altitude is
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considered. Solar tracking systems increase the average annual amount of energy produced. Numerous studies
of the operation of solar tracking systems show that trackers increase the output power and amount of energy
by 12-40%, compared to fixed solar panels. Photovoltaic systems using trackers and concentrating solar cells
will increase the output amount of energy several times.

Materials and methods. Optical concentrators. A linear Fresnel lens made of glass has some advantages
over a plastic lens. For example, the deterioration of ultraviolet radiation, so the optical properties do not
change and the service life is not limited. With the use of modern technology, lenses can be obtained from
glass in very large quantities and at very low prices. But on the other hand, glass lenses are heavier, more
fragile. And because of the technology used, the lower concentration is C<10.

In general, there are two possible configurations of the Fresnel lens. In the first case, when the lens is facing
the object with its grooves, the optical aberrations are less. Blurring the image as a result of changing the angle
of incidence is less dynamic. In the second case, the lens of the lens faces the object with its flat surface, the
aberration is greater, but the dust deposition between the grooves is prevented and self-cleaning occurs in rainy
weather.

The shape of the individual elements of the Fresnel lens can be easily calculated according to the Fermat
principle (Figure 1). For a given refractive index n, the focal length f, the thickness of the groove v, and the
height h of the refractive edge above the optical axis. From this we can conclude: the smaller the distance
between the grooves of the lens, the smaller the optical aberration, and the thickness of the lens should be the
smallest (Figure 2).

n
' I
hl
12
h2 |V
f -
Figure 1. The shape of the individual elements of the Fresnel lens
Parallel light rays
i Y
Fresnel
lens
i
Solarcell
F

Figure 2. Arrangement of the Fresnel lens and the solar panel
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The efficiency of the entire lens can be shown as:

n
F_l ZK A
Fo AL L0
i=1

where F — effective light flow, Fo — total light flow,K;, = Fi ; -the ratio of the effective part of the area to
0

the total area, Ai — area of individual element of the lens, A — total area of the lens.
Development of a concentrating silicon solar cell. In order to study the efficiency of a solar panel using
a solar concentrator, a laboratory model of a concentrating solar battery was made, shown in Figure 3.

Figure 3. Labofatofy layout of a concentrating solar cell

Polycrystalline solar cells with a size of 52x52 mm as well as plastic Fresnel lenses with a size of 150x150
mm and a focal length of 14.5 cm were used. To adjust the distance from the lens to the solar cell, the lenses
are placed in a plastic housing with four holes for vertical supports. The plastic housing is fixed at the desired
height with the help of nuts.

Experimental results and discussion. To study the efficiency of using a solar panel, experiments were
conducted with a single solar cell. Our task was to establish the optimal distance of the solar concentrator from
the solar cell, at which the solar cell does not lose its properties. The resulting I-V characteristics are shown in
Figure 4.
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Figure 4. 1-V characteristics of a solar cell using a solar concentrator at different distances from the lens
to the solar cell

As can be seen from the graphs that the conditions under which the lens is located at a distance of 8 cm
from the solar cell has the greatest characteristics. However, if we look at the power graph (Figure 5), we can
see that the solar cell has the greatest power at a distance of 7 cm from the lens to the solar cell. In general, the
use of concentrating lenses increases the efficiency of using solar cells.
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Figure 5. Graphs of solar cell power using a solar concentrator at different distances from the lens to the
solar cell

Figure 6 shows the dependence of the maximum power of the solar cell on the distance from the lens to the
solar cell.
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Figure 7. Dependence of the spot diameter on the distance between the lens and the solar cell
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Figure 7 shows the dependence of the spot diameter on the distance between the lens and the solar cell. As
a result of experiments, it was found that in order to obtain maximum power, the solar cell must be positioned
so that the diameter of the light spot is equal to the length of the solar cell.

Conclusion. As a result of this work, a laboratory installation of a concentrating silicon solar battery using
a Fresnel lens was developed. Experimental work was carried out to study the characteristics of solar cells
under conditions of increasing the concentration by several times. The dependences of the size of the sunspot
on the degree of radiation concentration are obtained. As a result of experiments, when the degree of
concentration increases by more than 4 times, the power of the solar battery increases by more than 2 times.
The results obtained can be used to improve the efficiency of existing silicon solar cells.
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KOHIEHTPAIIUSUIAYIIIBI KPEMHUIJI KYH BATAPESICBIH JKACAY

AHHOTAIMSA KalTa KAJITbIHA KEJIETIH YHEPTUS KO3IEPi SJIEM/TiK YJHEPT€TUKAHBI TAMBITY IbIH 0aChIM OaFBITHI
0o TabbuTasl. KyH 6aTapesuapbIMeH )KyMBIC iICTEHTIH aBTOHOM/IBI XKYiemep OyTriHae koOipek KOIIaHbICKa
ue 6onyna. Anaiia, Ka3ipri yakpITTa KpeMHHITI KYH OaTapesuiapbIHbIH SHEPTHsl NIBIFApy THIMIUIIT IEeKTeyI,
OHBI SPTYPIIl MHXKEHEPIIK KYPBUIFbUIApbl KOJIAaHy apKbUIbl apTThIpyFa Oonazpl. KoHIeHTpanusiay sl KyH
Oarapesuapbl  (DOTORNIEKTPIIIK JJIEMEHTTEPIH ayJaHblH a3aiTanbl, (DOTOANEKTPIIK DIEMEHTTepre KyH
COyJIeJIeHyiHIH KapKbIHABUIBIFBIH apTTHIPAbl KOHE JKYHEHIH JKalIbl KYHBIH TOMCHIETYIHE OKElTyl MYMKiH.
Byn >kymbicTa KOHIEHTpaUMsUIayIlbl KPEMHHAII KYH OaTapesichlH 93ipiey KapacThlpbuiraH. DpeHenbliq
CBIBBIKTHIK JIMH3AaCBIH KOJIJAaHAa OTBIPBIN JKYPTi3UIreH SKCIIEPUMEHTTEePIiH HOTIXKENepl KOpCeTUIreH, KyH
COYJIECIHIH 9PTYpil KOHLEHTPALMACHIHIAFEl KYKTEME CHUIIaTTaMallapbl ajblHFaH. JKacaiaraH >KyMbIcTapablH
HOTHXKECIHJIE KYH KOHIEHTPATOPBIH KOJZAaHA OTBHIPBIN, KYH MaHENiHIH THIMIUICIH 3epTTey asKTaJbl.
KoHuenTpanusnaymsl KyH 3JEMEHTIHIH MaKCHMal[bl KyaT IapTrapsl OenrineHai. MyHnal >xargaiga
3JIEMEHTTIH TeMIIEPaTypachl )KYMbIC JKaCalThIH IIEKTI ACHIeHiHEeH achaiipl, ain KyH OaTapesiChIHbIH ILBIFBIC
KyaTbl KOHLEHTPATOPCHI3 KYH TaHENiMEH CaJbICTHIPFaHa 2 €CElIeH acTaM ©cCTi. AJIBIHFaH HOTHKeJepre
CYHeHe OTBIPBIN KOJIAHBICTaFbl KPEMHHUIITI KyH OaTapeslapblHbIH THIMALIITIH apTThIPy YIIiH Maijananyra
OoJIaabl.

Tyiiin ce3aep: KyH sneMeHTi, OpeHens TWH3aChl, KOHIICHTPAUSIAYIIHl KPEMHHIII KYH 3JIEMEHTI,
KYKTEMEJIIK CUIaTTaMa, KOHIICHTPAI[HUs JICHT eHl.
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PA3PABOTKA KOHIEHTPUPYIOIINX KPEMHUEBBIX COJTHEUHBIX BATAPEN

AHHOTaALMSA: B0300HOBIsIEMbIE HCTOYHUKH 3HEPTUH SIBISIOTCS MEPCIEKTUBHBIM HAIIPaBICHUEM
Pa3BUTHS MUPOBOH SHEPTETHKH. ABTOHOMHBIE CUCTEMBI C TUTAHUEM OT COTHEYHBIX OaTapei ceroHst HaX OIS T
Bce Oombiiee npumeneHue. Opnako cymectByeT mnpefen KIIJI KpeMHHMEBBIX CONHEYHBIX 3JIEMEHTOB,
BBIIIYCKAEMBIX CErOAHsI, KOTOPBIM BO3MOXHO IPEOAOJIETH C HCIOIB30BAaHHEM pa3IMYHBIX WH)KEHEPHBIX
ycTpoiictB. KoHIEHTpupyromme COMHEYHbIE 3JEMEHTHl YMEHBIIAIOT IUIOMAAh (OTOIIEKTPHUECKUX
JJIEMEHTOB, YBEIMYHBAIOT MHTEHCUBHOCTH COJHEYHOTO M3IYYCHHUS Ha (POTORIEKTPUYECKHUE DIIEMEHTHI H
MOTYT NPHUBECTH K CHWKEHHIO OOIIEdl CTOMMOCTH cHCcTeMbl. B naHHO# paboTe paccMoTpeHa pa3paboTka
KOHIEHTPUPYIOIIEH KpeMHHEBOH conHeyHoW Oarapen. IlokasaHpl pe3ynbTaThl AKCIEPUMEHTOB C
HCIIONIb30BAaHUEM JIMHEHHOW JIMH3bI DpeHesnsl, NOJIyYeHbl Harpy304YHbIE XAPAKTEPUCTUKH MPU Pa3IudHbIX
CTENEHSIX KOHLEHTpPAllMd COJHEYHOr0 W3NIy4deHus. B pesynbrare mNpojenaHHBIX padoT 3aBEpLICHO
uccnenoBanne 3>(PQEKTUBHOCTH COJHEYHOW NAaHENIW C MCIOJIB30BAHUEM COJIHEUHOTO KOHIIEHTPATOpa.
YcTaHOBIEHBI YCIOBHS MAaKCUMAaJIbHOW MOUIHOCTH KOHILIEHTPUPYIOLIEIO COJIHEUHOTO IeMEHTa. B 3Tux
YCIIOBUSAX TEMIIEpaTypa dJEMEeHTa He TpeBbImaeT pabounii MOPOTOBBIA YPOBEHb, a BBHIXOAHAS MOIIHOCTD
COJIHEYHOTO »JIeMEHTa OblUla yBeauueHa B Oosee yeM 2 pa3a B CPaBHEHMHM C COJHEYHOH mHaHenblo 0e3
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WCTIONE30BaHMs KOHIIGHTpaTropa. [lomydeHHble pe3ynbTaThl MOTYT OBITH HMCIIONB30BAaHBI /ISl TTOBBIIICHUS
3G GEKTUBHOCTH CYIIECTBYIOIINX KPEMHUEBBIX COJTHEYHBIX 3JIEMEHTOB.
KuaroueBble cj10Ba: COITHEYHBIN JIEMEHT, JTuH3a DpeHetsi, KOHIIEHTPUPOBAHHBIN KPEeMHUCTHIN COTHEYHBIN

3JIEMEHT, Harpy3049Has XapaKTepUCTHKA, YPOBEHb KOHIIEHTPAITHH.
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