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TennoHOCIA A0 BUCOKUX TeMnepaTtyp, NOAOBXYe CTPOK ekcnnyaTauii PENiB, namiHyto4mx nniBok n
noniMepHUX KOMMOHEHTIB. 3aAns YHUKHEHHS He MPOAYKTUBHUX BTPAT KPaLUM PilEHHAM €
AOrpiBaHHA TenrnoHOCis TEeHOM B Tennoi3onboBaHOMY 6aky, BWKOPWUCTOBYHOYM ANSA LbOro
OTpMMaHy B Moayni enektpuky. 3apa3s BignpauboByeMO Uukn BupobHuusa OCETI-MMJ1. Haw
BapiaHT MOAYyIbHOI KOHCTPYKUil Mae many Bary # (OpMyeTbCA JlaMiHyBaHHAM Koprycy
NacTUKOBOMO KONMEKTOPY A0 FoTOBOI hOTOENEKTPUYHOI NaHENi, Yepes WO MiHIMi3yeETbCS BHECOK
Py4YHOI npaui Ta 3HWXKyeTbCs cobiBapTicTb npoaykTy. Ha pgaHuMi yac npautoemo Hag
ABYXCeKLiMHMM mogynem Ha 6a3i naHeni RSM156-6-440M 3aranbHOO NnoLwero NoBepPXHi ~ 2,2m?
M enekTPU4HOIO NOTYXHICTIO - 440 BT. NogaHo 3asBKy Ha MiXXHaApPOA4HWI NaTeHT.
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[lidibpaHi KOHCmMpyKuitHI Mamepianu, gidnpaubo8aHi pexxumu ekcrilyamauii modynig U
OCHOBHI MexXHOJ102i4Hi JlaHKU 8UpobHuUUmMaa.

Selected construction materials, developed modes of operation of modules and the main
technological units of production.

Ox07100)keHHSI 0OHOCMOPOHHBLO20 MOQyYrsi 00380/15i€ OMpuUMamu 8 ik iHconsayii Ha 16 %
binbwe enekmpuKku MOpPIiBHSHO 3 KOHMPOJIbHOK ¢hOMOENEeKMPUYHOK NaHesio npu sumpami
mernnoHocis 3,5 n/xe.
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If morphology of the surface of the solar cell changes, depending on its photoelectric
properties with angle of incident light will change. So, in this paper, photoelectric properties of
silicon based solar cells which were covered with upright pyramids which angle of base was
various, dependence on angle of incident light, was researched. From obtained results, it was
found that when the angle of incident light is varied from O- to 80¢, the short circuit current densities
of planar, pyramidal textured silicon solar cell with 50.4. and 70.4- of angle of base of pyramids
have been decreased to 82.6%, 88.8%, 89.8%, their open circuit voltages have been decreased
to 10.5%, 12.8%, 14.1% as well as their fill factors have been decreased to 1.9%, 2.2%, 3.2%.

Nowadays, angle of base of pyramids which were formed on the surface of SSC, is 54-.
Because crystalline orientation of the surface of silicon is (111). In our previous research, the
highest efficiency was observed when ABP (angle of base of pyramid) was 70.4:. So, in this
research, PSSC (planar silicon solar cell), 540-PTSSC (silicon solar cell which was covered with
pyramidal textured which angle of base is 54¢) and 70.4-PTSSC (silicon solar cell which was
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covered with pyramidal textured which angle of base is 70.47) are chosen as research object. In
this paper, periodical pyramidal textures have been formed on the surface SSC, because when
Zheng Fang chemical fed the surface of silicon with alkali NaOH during 456s, the same size
textures formed on the surface of silicon [1].

Instrument of Sentaurus Structure Editor of Sentaurus TCAD is used in order to geometric
model of semiconductor devices is created. In the figure 1, three types: PSSC (a), 54°-PTSSC (b)
and 70.4>-PTSSC (c) are described.
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Figure 1. Geometric models of the solar cells which formed in SDE. a — PSSC, b — 54%-PTSSC, ¢ - 70.4°-
PTSSC.

Various textures were formed on the surface of solar in order to more rays are absorbed.
According to our theoretical research, ray which fallen to between two pyramids, might refracts 4
times. If ABP is 80=>a>64¢, ray which fallen in them between, refracts 4 times. Only if laws of optical
is used, maximum absorption coefficient of 73.12:-PTSSC is formed. But, if surface of solar cell
improves, value of recombination improves too. So, all of optical, thermic and electric properties of
solar cell are taken into account in the Sentaurus TCAD, efficiency of the ABP 70.4° might be
maximum. Because, if ABP is increased, absorption coefficient and value of recombination of the
surface improves too. Then, efficiency improved 1.6 times than simple planar solar cell. In the
experiment, when chemically treated with NaOH or KOH, regular pyramids which angle of base is
54.74-, forms on the surface of KAQE [2]. Also, efficiency improves 1.33 times than simple PKQAE

[3].

If AOI changes, intensity of light which absorbed in solar cell, changes too. Short circuit
current of solar cell is very sensitive to changing intensity of light. In the figure 2, short circuit current
of PSSC (1), 54--PTSSC (2) and 70.4--PTSSC (3) dependence on AOI has been described. When
AOI changed from 0° to 80, short circuit current decreased to 82.6% for PSSC, to 88,78% for 54e-
PTSSC, to 89.8% for 70.4-PTSSC. Decreasing of short circuit current of 520-PTSSC to 83.8%, is
identified when AOI changes from 0° to 80, by module of SunSolve of Mandy Lewis “SMARTS”
program [4].
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Figure 2. Dependence of the short circuit current of PSSC (1), 54°-PTSSC (2) and 70.4°-PTSSC (3) on
AOI.

Effect of AOI to photoelectrical properties of the silicon solar cell has been comprehensively
studied. According to angle of base of textures which are formed on the surface of SSC, its
photoelectric parameters dependence on AOI changed. In conclusion, if value of AOI is 0°, short
circuit current of 70.4--PTSSC and open circuit voltage is bigger than PSSC and 70.4-PTSSC, if
value of AOI is 80, almost they are equal. So, if value of the AOI increases, photoelectric
parameters of 70.4-PTSSC decreased faster than other constructions of KAQE. So, if geometric
structure of silicon solar cell changes, its photoelectric properties dependence on AOI changes.
For this reason, when geometric structure changes, reflection, transmission, absorption coefficient
of solar element changes also. According to value of short circuit current and efficiency, it is
preferred that 70.4--PTSSC is used in any continent of the world. Because, short circuit current and
efficiency of 70.4-PTSSC is better than others PTSSC, at all of values of AOI.

References:

1. Z. Fang, Z. Xu, D. Wang, S. Huang, and H. Li, “The influence of the pyramidal texture uniformity and process
optimization on monocrystalline silicon solar cells,” Journal of Materials Science: Materials in Electronics 2020 31:8, vol.
31, Ne 8, pp. 6295-6303, Mar. 2020, doi: 10.1007/S10854-020-03185-1.

2. Z. Mrazkova et al., “Optical properties and performance of pyramidal texture silicon heterojunction solar cells: Key
role of vertex angles,” Progress in Photovoltaics: Research and Applications, vol. 26, Ne 6, pp. 369-376, Jun. 2018, doi:
10.1002/P1P.2994.

3. F. C. Marques, J. Urdanivia, and I. Chambouleyron, “A simple technology to improve crystalline-silicon solar cell
efficiency,” Solar Energy Materials and Solar Cells, vol. 52, Ne 3—4, pp. 285-292, Apr. 1998, doi: 10.1016/S0927-
0248(97)00242-0.

4. M. R. Lewis et al., “Angular Dependence of Textured Bifacial Silicon Heterojunction Solar Cells for High Latitudes,”
Conference Record of the IEEE Photovoltaic Specialists Conference, pp. 1919-1923, Jun. 2019, doi
10.1109/PVSC40753.2019.8980857.

YOK 621.472
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ENEKTPOCTAHLYI MOTYXHICTIO 2.5 KBT
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HasedeHo pesynbmamu ekcrinyamauii docrnidHo2o 3paska eibpudHoi  Oaxoeoi
ghomoenekmpuyHoOi enekmpocmaHruii nomyxxHicmio 2,5 kBm, po3pobrieHo2o ma 8u2omogrieHo20
8 IHcmumymi enekmpoduHamiku HAHY. [NpoeedeHo aHasi3 KinbKocmi 2eHeposaHoi eHepaii
3a@zarnbHy €feKmMpu4yHy Mepexy rnpomsicom xoemHs 2021 - 6epe3Hs 2022 poky,
ekcnepumeHmarnbHi  3HadYeHH KK ma  koegiuieHma  rnomyxHocmi  po3pobrieHux
repemaeoprogayie esleKmpuYHOi eHepeaii ghomoenekmpuyHUX rnaHened y mepexesy. HasedeHo
€KOHOMIYHI Xapakmepucmuku, mepMiH OKyrnHocmi KarnimasosknadeHb ma pekomeHOauii 3
8rp08adKEHHS.

Knroyoei cnoea: nepemesoprogad, chomoesniekmpuyHa raHersib, 8i0HO8M08arnbHi dxepera eHepeair,
e2eHepoeaHa eHepaisi, mepMiH OKYrnHoCMi .

HYBRID ROOF PHOTOELECTRIC POWER PLANT WITH A POWER OF 2.5 KW TEST
SAMPLE OPERATION RESULTS
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