ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

2018 ¢ 6

KA3AKCTAH PECIIYBJIMKACHI
YJITTBIK I'blJIBIM AKAJEMUACBIHBIH

BASHIAMAJIAPDI

TTOKJIAIbI

HAIUOHAJIBHOM AKAJTEMUM HAVK
PECIIYBJIMKU KA3AXCTAH

REPORTS

OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

KYPHAII 1944 XXbIUIJAH HIBIFA BACTAFAH
XKYPHAII UBOAETCSH C 1944 1.
PUBLISHED SINCE 1944

nnnnn



KA3AKCTAH PECITYBJIMKACDI
YJITTBIK FbIUVILIM AKAJJEMUACBIHBIH

BASAHAAMAJIAPDBI 2018 ¢ 6

bacpeagakrtopm
X.F.1., ipod., KP ¥F'A akanemuri M.2K. JKypbiHoB

Pegaxnous ankKacs

AnexenoB C.M. npod., akanemuk (Kazakcran) (6ac pea. opsiHOacapsl)
Beanuxun B.HU. npod., kopp.-myieci (Peceii)
Boabaemap Byiinuk npod. (ITonpma)

TI'onuapyk B.B. pod., akagemuk (YkpanHa)
T'opauenko A.W. npod., akanemuk (bemopyc)

Hyxka I'. mpod., akanemuk (Moingoa)

Hanono M.M. mpod., akanemuk (ToxikcTan),
Jlecka borycaasa npod. (ITonpma),

Jloxkmmu B.H. nipod. un.-kopp. (Kazakcran)
Hapaes B.H. nipod. (Pecei)

Hexkmoaos .M. nipoo., akagemuk (YKpanHa)

Hyp U3zypa Yazup npod. (Manaiisus)

Iepuu Credano npod. (¥ eiOputaHus)

Moramoe B.A. npod. (Ykpanna)

Ipoxonosuy Iosauna npod. (¥ipiOpuranus)
OmobaeB A.M. nipod., kopp.-mymieci (Kazakcran)
Ortendaes M.O. npod., akanemuk (Kasakcran)
Caapi0exoB M.A. npod., kopp.-myuieci (Kazakcran)
CaraeB ML.U. ipod., xopp.-mymieci (Kazakcran)
Cesepckuii U.B. poo., akanemuk (Kazakcran)
Cuxopcku Mapek nipod., (ITonba)

Pama3zanoB T.C. npod., akagemuk (Kazakcran)
Taxudae H.2K. nmpod., akanemuk (Kazakcran), 6ac pea. opsiHOacapsl
Xapun C.H. npod., akagemuk (Kazakcran)

Yeuun JI.M. npod., kopp.-mymreci (Kazakctan)
Xapyn [Mapaap npod. (I'epmanus)

IumkyH I'ao nmpod. (KeiTait)

JpkedaeB A.J. npod., akaaeMuk (KpiprbicTaH)

«Ka3akcran Pecny0/iukachl YJITTBIK FHUIBIM aKa1eMHUSICHIHBIH 0asiHAaMaJIapbD)
ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

Menurikrenymii: «Kaszakcran PecryOmiKkachiHbIH ¥ITTHIK FAUTBIM aKaJEMISIChDy PecITyOniKaibIK KoFaMIbIK Oipriectiri (AsMaTsl K.)
Kasakcran pecryOnukacbiHbIH MOoJIeHHET HeH aKmapaT MHHHUCTPIIriHiH Akmapar xoHe myparar komureringe 01.06.2006 x.
oepinren Ne5540-7K mep3imaik 6acbUTBIM TipKeyiHE KOHBUTY Typalbl KyaiiK

Mep3iMaiiiri: KbuUibiHa 6 per.
Tupaxer: 500 nana.

Penakmusaeig mekemxkaiiel: 050010, Anmarts! K., [lleBuenko kerr., 28, 219 6en., 220, ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz. reports-science.kz

© Kazakcran PecryOsukachiHbIH ¥YITTBIK FRUIBIM akaaeMusichbl, 2018

Tunorpadusiael Mekemkaibl: «ApyHa» XK, Anmatsr k., Myparbaesa ke, 75.

— ) ——



JTOKJIABI

HAIIMOHAJIBHOU AKAJIEMUU HAYK
PECITYBJIMKU KA3AXCTAH

2018¢ 6

I'maBHBIH penakToOp
I.X.H., mpod., akanemuk HAH PK M. 7K. )Kypunos

PenaknuoHHas KOJNJIET U :

AnexenoB C.M. pod., akanemuk (Kazaxcran) (3am. ri1. pea.)
Beauuxkun B.U. npod., un.-xopp. (Poccus)
Boabaemap Byiinuk npod. (ITonpma)
I'onuapyk B.B. po., akagemuk (YkpanHa)
I'opanenko A.U. npod., akanemuk (bemapycs)
Hyxka I'. mpod., akanemuk (Moigoa)

Hanosno M.HM. npod., akanemuk (TamKukucTaH),
Jlecka borycaasa npod. (ITonpma),

Jlokmmu B.H. nipod. wi.-kopp. (Kazaxcran)
Hapaes B.H. npod. (Poccust)

Hexkmaoaos .M. nipoo., akagemuk (YKpanHa)
Hyp U3zypa Y a3up npod. (Manaiisus)

epuu Credano npod. (BenukodbpuTanws)
Moranos B.A. npod. (Ykpauna)

IIpoxonosny Ilosmmua npo¢. (BenukoOpuranus)
OmobaeB A.M. nipod., win.-kopp. (Kazaxcran)
Orenbdaes M.O. npod., akanemuk (Kazaxcran)
Caapi0exoB ML.A. npod., ui.-kopp. (Kazaxcran)
CaraeB ML.U. nipod., uin.-kopp. (Kazaxcran)
Cesepckuii U.B. poo., akanemuk (Kazaxcran)
Cuxopcxu Mapek nipod., (ITonbma)

Pama3zanoB T.C. npod., akanemuk (Kazaxcran)
Taxuobaes H.2K. npod., akanemuk (Kazaxcran), 3am. TUI. pejl.
Xapun C.H. npod., akagemuk (Kazaxcran)
Yeuun JI.M. npod., un.-kopp. (Kazaxcran)
Xapyn [Mapaap npod. (I'epmanus)

IupkyH 'ao mpod. (Kurait)

IpkedaeB A.D. pod., akageMuk (Keipreizcran)

Joxaaapl HanmonaabHoi akagemun Hayk Pecnyosmnku Kazaxcran»

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

CobctBeHHUK: PecnyOnukanckoe oOmiecTBeHHOoe oObenmHeHne «HammonanpHas akagemusi Hayk PecrmyOmuku Kazaxcram»

(r. Anmarsl)

CBHJIETENbCTBO O IIOCTAaHOBKE HA Y4YeT IEPHUOJMYECKOro IedaTHoro usgaHus B Komurere wuHbOpMalum M apXUBOB

MunncrepctBa KyabTypsl U nHpopmarmu Pecrry6iiku Kasaxcran Ne5540-2K, Bernannoe 01.06.2006 r.

[lepuoauyHoCTh: 6 pa3 B roxl.

Tupax: 500 sx3eMIIIIpOB

Anpec penakuuu: 050010, r.Anmarsl, yi.llleBuenko, 28, kom.218-220, ten. 272-13-19, 272-13-18
http://nauka-nanrk.kz. reports-science.kz

©HanmonansHas akagemus Hayk Pecryonnku Kazaxcran, 2018 1.

Anpec tunorpadun: ULl «Apyna», r.Anmarsl, yin.Mypatbaesa, 75




REPORTS 2018 ¢ 6
OF NATIONAL ACADEMY OF SCIENCES OF THE

REPUBLIC OF KAZAKHSTAN

Editorin chief
doctor of chemistry, professor, academician of NAS RK M.Zh. Zhurinov

Editorial board:

Adekenov S.M. prof., academician (Kazakhstan) (deputy editor in chief)
Velichkin V.I. prof., corr. member (Russia)

Voitsik Valdemar prof. (Poland)

Goncharuk V.V. prof., academician (Ukraine)
Gordiyenko A.IL prof., academician (Belarus)
Duka G. prof., academician (Moldova)

Ilolov MLI. prof., academician (Tadjikistan),
Leska Boguslava prof. (Poland),

Lokshin V.N. prof., corr. member. (Kazakhstan)
Narayev V.N. prof. (Russia)

Nekludov I.M. prof., academician (Ukraine)

Nur Izura Udzir prof. (Malaysia)

Perni Stephano prof. (Great Britain)

Potapov V.A. prof. (Ukraine)

Prokopovich Polina prof. (Great Britain)
Ombayev A.M. prof., corr. member. (Kazakhstan)
Otelbayv M.O. prof., academician (Kazakhstan)
Sadybekov MLA. prof., corr. member. (Kazakhstan)
Satayev MLI. prof., corr. member. (Kazakhstan)
Severskyi I.V. prof., academician (Kazakhstan)
Sikorski Marek prof., (Poland)

Ramazanov T.S. prof., academician (Kazakhstan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief
Kharin S.N. prof., academician (Kazakhstan)
Chechin L.M. prof., corr. member. (Kazakhstan)
Kharun Parlar prof. (Germany)

Endzhun Gao prof. (China)

Erkebayev A.Ye. prof., academician (Kyrgyzstan)

Reports of the National Academy of Sciences of the Republic of Kazakhstan.
ISSN 2224-5227

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)
The certificate of registration of a periodic printed publication in the Committee of Information and Archives of the Ministry of
Culture and Information of the Republic of Kazakhstan N 5540-K, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 500 copies

Editorial address: 28, Shevchenko str., 0f.219-220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz / reports-science.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018
Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 4 —



Hoxnaowr Hayuonanwnoii akademuu nayx Pecnyonruxu Kasaxcman

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227 https://doi.org/10.32014/2018.2518-1483.19
Volume 6, Number 322 (2018), 12— 17

YK 537.311.322
N.S. Buktukov, M. Aitkulov

(D.A. Kunayev Institute of Mining, Almaty city, Kazakhstan)
n.buktukov@mail.ru

EFFICIENCY OF NEW GENERATION
SOLAR PHOTOELECTRIC BATTERIES

Abstract: a solar photo-voltaic battery with a very high efficiency is Developed by dispersing and focusing
solar radiation along wavelengths and installing an appropriate solar cell at each wavelength.

This approach allows not only to increase efficiency, but also to increase battery life by eliminating infrared
radiation on solar cells. In addition, the design allows cost-effective use of very expensive but highly efficient solar
cells.

Key words: sun, photoelectric battery, holographic concentrator, photocell, dispersion and focusing.

At the WSEC-2017 World Congress of Scientists and Engineers “Energy of the Future: Innovative
scenarios and methods for their implementation” in the framework of the international exhibition EXPO-
2017 held on June 19-20 in Astana, was announced about the possible achievement of efficiency ratio the
solar photovoltaic cells up to 25% in the next 2-3 years [1]. At the same time, world science is aimed at
increasing the efficiency of solar batteries by increasing the efficiency of solar cells [2].

However, increasing the efficiency of solar batteries can be done in another way, namely, by
dispersing (decomposing) solar radiation by wavelengths, focusing them separately (Figure 1 [3]) and
installing an appropriate photocell for each wavelength [4]. The possibility of separating infrared radiation
allows you to apply to each photocell corresponding radiation up to 1000 suns, in practice, you can limit
yourself to several tens or hundreds. This allows you to repeatedly reduce the number of solar cells in
solar batterries, thereby reducing their cost.

Figure 1 — Holographic concentrator

Figure 2 shows one of the variants of the solar batteries [4], demonstrating a significant increase in
efficiency ratio when using industrial-grade photovoltaic cells.

As can be seen in Figure 2, part of the solar radiation directed to the battery hits the holographic
concentrator 1. Of this part, about 60% is reflected, dispersed and focused along the main optical axis
along wavelengths to the right of the concentrator 1. The remaining 40% penetrate, but also dispersed and
focused symmetrically along the main optical axis along the wavelengths to the left of the concentrator 1.
Reflected rays from the spherical mirror 2, passing through the collimator lenses 3, hit the holographic
concentrator 1 with parallel rays, dispersed and focused similarly. Only the reflected rays are located on
the left, and penetrating - to the right of the concentrator 1.
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1 — holographic concentrator; 2 — spherical mirror; 3 — collimator lenses.
Figure 2 - Diagram of a new generation solar battery

For each color, as noted above, one can install the appropriate photocell. In this case, the installation
of photocells is performed symmetrically on both sides of the holographic concentrator 1.

In this case, the photocells work, practically, in ideal conditions, and the number of suns falling on
these photocells is equal to the ratio of the cross-sectional area of solar radiation to the area of the
photoelectric cells. Consequently, the need for photovoltaic cells is reduced by as many times as compared
with traditional solar panels.

The exclusion of infrared radiation hitting the photocells multiplies their service life and contributes

to the achievement of the highest possible efficiency ratio.
Determination of the efficiency ratio of such a solar battery is as follows. Figure 3 shows the scheme and
parameters of the distribution of the wavelengths of solar radiation on the right side of the experimental
holographic concentrator 1 according to Figure 2 when determining the areas occupied by different colors
of solar radiation.
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Figure 3 - The layout of the various waves of solar radiation,
reflected from a holographic concentrator with a diameter of 12.5 cm

Previously, we found that the reflected rays from a holographic concentrator are about 60%, and
penetrating 40%. Therefore, it can be considered as a full hit of rays of different colors on the
corresponding photocells, since solar radiation is involved on both sides of the concentrator (here the
insignificant absorption of radiation by the mirror and the concentrator at the entrance is not taken into
account).
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Different sources give different energy ratios by wavelength, as shown in Figures 4 [5], 5 [6] and 6
[7]. This shows that the power of the energy coming from the Sun for the same wavelength is different.
This may be due to several factors, such as geographical location, state of the atmosphere, etc. Thus, Table
1 [8] presents the energy of the spectral regions depending on the position of the Sun relative to the
horizon, and Figure 7 presents the radiation power of the visible spectrum depending on the state of the
atmosphere [9]. In any case, the efficiency ratio of the considered solar battery, receiving energy from
different wavelengths of solar radiation, is an integral value.
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Figure 4 — Intensity of solar radiation over [7]
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Table 1 — Energy variability from the standing position of the Sun

DHeprusa odaacrei cnekrpa, %
Heroumme uaycins yAanTpa- BHHMAH Hnpparpacuas

duoncropasn AN pakp
ConHLe v ropusonTa 0 28 72
ConHie npH BLEcoTe 3 44 a3
crosuug 60°
Conune B aeunte 90° 4 46 S0
lonyéae Hebo 10 65 25

http://vmede.org/sait/content/Gigiena_truda_izmerov_2010/26_files/mb4.png
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http://2energy.com.ua/images/articles/9.png

Figure 7 - intensity of visible radiation spectrum
depending on the state of the atmosphere

The physical meaning of the integral efficiency value is as follows (Figures 4-6). For example,
monocrystalline silicon converts the energy of red, orange and captures, say, a part of yellow. Photovoltaic
cells based on gallium arsenide convert the energy of yellow, green, sky blue and partly blue, and
amorphous silicon — purple, partly blue, and partly ultraviolet. The elimination of double metering of
efficiency ratio in the part in which two photocells operate is produced by the fact that the efficiency value
does not add up (not summed up), for example, the efficiency ratio of silicon and the efficiency ratio of
gallium arsenide on the yellow color, etc.

In fact, in this example of a solar battery (Figure 2) monocrystalline silicon is set only to red and
orange, yellow, green, sky blue and blue — a photocell based on gallium arsenide, and purple —
amorphous silicon. Consequently, the integral value of the efficiency ratio would be 20 + 40 + 6 = 66%,
and if we install a photocell based on gallium arsenide instead of monocrystalline silicon, then the
efficiency would be 86%.

However, the power of different wavelengths of solar radiation is different, so it is necessary to take
into account the contribution share of each wavelength. According to Figure 5, where the colors are more
clearly separated, red and orange colors will be 1250 W/m2, yellow 1400, green 1450, sky blue and blue -
1500 and purple 1500 W/m2. The area of the colored portion of the visible spectrum corresponds to the
power of the visible radiation spectrum, and the area of each color corresponds to the energy contribution
of a given wavelength.

Table 2 [10] presents the wavelength range of various colors of solar radiation. In this case, the area
bounded by the wavelength range and the radiation intensity according to Figure 5 for each wavelength
will be:

red 1250 x (740-625) = 143750,

orange 1250 x (625-590) = 43750,
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yellow 1400 x (590-565) = 35,000,
green 1450 x (565-500) = 94250,
sky blue 1500 x (500-485) = 22500,
blue 1500 x (485-440) = 67500,
violet 1500 x (440-380) = 90000.

Table 2 — Characteristics of visible light

Owana3aoH
IHBPTHK
thoToHoB, 3B

Ouana3oH ONHH OuanazoH

BaT
u BOITH, HM yactoT, Ty

DHONETOBLIN 790 - 680 282 -3,26

i 680 - 620 256-282

Henelit 565 - 590 530 - 51 2,10-2,19
Opatikessiit 590 - 625 510 - 480 1,98-2,10

[ = b5 & (] 180 A00

The total area of 496750 is proportional to the power of the solar radiation of the visible spectrum,
and the area of each color is proportional to the contribution of a given wavelength to the total power of
the visible spectrum. The ratio of these individual areas to the total area shows the proportion of power
that falls on a particular wavelength. Thus, the share of red will be 143750/496750 = 0.29; orange - 0.09;
yellow - 0.07; green - 0.19; cyan - 0.05; blue - 0.14; purple - 0.19.

The efficiency ratio of a monocrystalline silicon solar cell is 22.5% [11], photovoltaic cells based on
gallium arsenide 40% [14], amorphous silicon 6% [11].

Consider an option, for example, when monocrystalline silicon is set to red and orange. Yellow,
green, sky blue and blue are photo cells based on gallium arsenide, and purple is amorphous silicon. In
this case, the overall efficiency will be 0.29-0.225 + 0.09-0.225 + 0.07-0.4 + 0.19:0.4 + 0.05-:0.4 +
0.14-0.4 + 0.19-0.06 = 0.277. If instead of monocrystalline silicon we put a photocell based on gallium
arsenide and leave the rest unchanged, then the efficiency ratio = 0.34.

Since infrared radiation is not supplied to photovoltaic cells in the solar battery, moreover, the design
allows to significantly increase the number of suns, you can use AlGalnP/ AlGalnAs/GalnAs/Ge with an
efficiency of 57% [15].

The area of all photocells according to Figure 3 is 39.25 cm2, the total area on both sides of the
concentrator will be 78.5 cm2. The projected area of a spherical mirror with a diameter of 60 cm is 2826
cm?2. Consequently, 36 suns fall on solar cells, with a 80 cm mirror diameter there will be 64 suns, and
with a diameter of 2 m - 400. Thus, it is possible to repeatedly and safely increase the number of suns
falling on solar cells, thus the use of very expensive solar cells will be economically justified. This means
that on the area of 31,400 cm2 (mirror diameter 2 m) only 78.5 cm2 of photocell will be involved.
Consequently, to convert solar radiation into electrical energy from an area of 31,400 cm2, 400 times
fewer expensive photovoltaic cells will be required.

Separately focused infrared radiation can be used in three directions: generation of thermal energy,
conversion into electrical energy by means of a thermogenerator or photocell for infrared rays developed
in Spain [12, 13]. Then the efficiency will increase, for example, if the efficiency ratio is 0.2 for infrared
radiation, then 0.2 - 0.49 = 0.1, where 0.49 is the fraction of infrared radiation (Figure 5) [8], i.e.
efficiency increase by 10%. Similarly, when using a thermogenerator, the efficiency of a solar battery will
increase by at least 3%.

Conclusions: increasing the efficiency of solar cells is possible by not only increasing the
efficiency of solar cells, but also by dispersing and focusing solar radiation along wavelengths and
installing a corresponding solar cell at each wavelength.

16 ——
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The separation of infrared radiation not only increases the efficiency, but also increases the
service life of solar photo-voltaic cells, since the degradation of solar cells due to thermal effects is
eliminated.

The design of the solar battery allows utilizing infrared radiation in the form of electric or
thermal energy.
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H.C. BykrykoB, M. AiiTkymnoB
JI.A. Konaes atsianarsl Tay-KeH iCi HHCTUTYThI
7KAHA BYBIHHBIH KYH ®OTOJ3JIEKTPJIIK BATAPESIJIAPBIHBIH TUIMIALIITT

AnHoTaumsi: TOJNKBIHAAPABIH TOJKBIH Y3BIHIBIFbI OOMBIHINA KYH PaAMALMACHIH JMCIEpranusiiay MeH (OKyChlHA >KOHE
9pOip TOJIKBIH Y3BIHIBIFBIHA THICTI (POTOINEMEHTTEPAIH OPHATHUTYbIHA OalJIaHBICTBI ©TE YKOFAPhl THIMILUTIT 0ap KyH OaTapesichl
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