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2. Fraunhofer ISE: Photovoltaics Report. 14 March 2019

3. World silver survey 2018. Produced for The Silver Institute
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Ucnonb3lyemble 0603HaueHus:

PV — photovoltaics (doToBONbTaNKA)
Wp — NMUKOBbIN BaTT
Wh — BaTT-vac

C3 — CONNHeYHbIN a/1eMeHT




Llenb poTtodonbTanku —
CTaTb CNOCO6HON BHOCUTb BECOMbDIN BK/1a, B
obecneueHue yenoBeyecTBa 3/1EKTPoOdIHEepruen

[1na aToro Heob6xoAMMO peLLnTb ABe 3a4a4u:

1. HapacTuTb mowHOoCcTN PV cuctem A0 TepaBaTTHONO YPOBHA
2. ueHa kWh aneKktposHeprmum ot PV cuctem aonxHa 6biTb
CHUXXEeHA A0 KOHKYPEHTHOrO YPOBHA

CnpaskKa:
K 2050 roay notpebHOCTN YenoBeyecTBa B 3/IEKTPOIHEPIMM, MO NPOTrHO3aM,
coctasar ~45 PWh'.

B 2010 roay B mupe bb1s10 ycTaHOBAEHO 4.8 TW,, aHepreTnyeckunx
MOLLHOCTEN, NPOMN3BOACTBO INEKTPO3IHEPTrnm coctasmno ~24 PWh

C.S.Tao, J. Jiang, M. Tao. Natural resource limitations to terawatt-scale solar cells.
Sol. Energy Mater. Sol. Cells 95(2011) 3176—3180.



ConHeYyHble 31eMeHTbl U3 ¢c-Si -

Obinn, ectb U ... byayT (?) nokomoTMBOM HOTOBObTANKMU
| Production 2017 (GWp)

%
I I Thin film 4.5
| B Multi-Si 60.8
||III|||‘ Mono-Si 32.2

Percentage of Annual Production

2017 roa: ponu pbiHKa C3
- n3 Kpuctanamnyeckoro Si (c-Si) —93%
- N3 HUX, U3 MYyAbTUKPUCTanandeckoro Si (multi--Si) — 60.8%
Ha pbiHKe gOMUHMPYIOT C3 N3 KPEMHUA, NPUYEM, MYAbTUKPUCTANINYECKOTO.
[anee npnBoaATCA NPOrHO3bl PAa3BUTUA TONbKO AN KPEMHUEBOM
$GOTOBO/IbTANKMN.




3apava Ne 1: TepaBatTHbIU YpoBeHb PV:
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B 2018r.:
npozaHo PV moaynen —>100 GW,, COBOKYMNHbIN 06bem HcTanaaumin — 515 GW

B nepuopa ¢ 2010 no 2017 roa COBOKYMNHbIW CpeaHeroaoBomn tTemn pocta PV
cuctem coctaBnan 24%/ropn,




3apaya Ne 2: LleHa. KpuBasa obyueHus

Learning curve for module price as a function of cumulative shipments Shi . lavr, - r .

nipments /avg. price at years end:

" 2 prie= el ® ITRPV
L L L e L R 2017: 105 GWp / 0.35US$/Wp
' 18: 109 GWp/0.24 US$/Wp

, . Module

o/a shipment: =523 GWp el
o/a installation: =504 GWp ¢35 Wafer
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— Stable volume shipped with huge price deterioration

B 2018r. ueHa W, B moayne cHusunaco go 0.24 USS/Wp

OKono 50% oT ueHbl Moayna NPUXoAnUTCA Ha CONHEYHbIN 3NEeMEHT




Adomuuupyrowme CI Ha pblHKe:
TeHAeHUUU pa3BnuTua

Trend: share of cell technologies
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- PERx - technologies will dominate
{2018 ITRPY data are close to IHS Markit)




AdomuHupylowme Ha pbiHKe KOHCTpyKuuu C3
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AomuHupyrowme CI Ha pblHKe:
KA s npoussoacTee, NPOrHo3 pocTa

Trend: cell efficiency
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PekopaHblie KM nabopatopHbix C3
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[JononHeHune. POLO-IBC: 26.1% (2018r., Institut flr Solarenergieforschung Hameln (ISFH))

OTMETUM!: MpopbiB 25%-ro nopora 3s¢pPeKTUBHOCTU AOCTUTHYT C MOMOLLbIO
KOHCTPYKLMIN, OCHOBAHHbIX Ha «CENIEKTUBHbIX KOHTAKTax»

[MosTomy B HacTosALLee BpemMa UMEHHO NOoA0OHbIe KOHCTPYKLUUM NPU3HAHDI
Hanbonee nepcnekTUBHbIMU ANA U3rOTOBAEHUA BbICOKOIPPEKTUBHbIX C3.
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KoHCTpYyKUumn peKopaHbiX 1abopaTtopHbix C3
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PekopaHble CI: meuTtbl U peanbHOCTb

AlLO,  DARC (SiN,/MgF,) TilPd/Ag
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a-Si:H (p)
a-Si:H (i)

n-type c-Si wafer

a-Si:H (i)

SHG

SHJ vs. POLO

POLO
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AnHamuKa pa3sutua paspabotok C3 ¢
CeNNeKTUBHbIMM KOHTaKTaMu

] PesynbraTtbl noucka B 6a3e AaHHbIX SCOpus NO KJ/IIOYEBbIM CJZIOBaM
—eo— "Solar cells" AND "Selective contacts"

—eo— AND "Silicon solar cells"
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NMpumep CO c ceneKTUBHbIMU KOHTAaKTaMU
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Mpumepbl maTepuanos - NOTEHLMUANbHbIX
KaHAUAATOB A1 Ce/IeKTUBHbIX KOHTAKTOB C Si
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Rehman et al., 2018. Development and prospects of surface passivation schemes for high-efficiency c-Si solar cells.
Solar Energy 166, 90-97
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Mpumep oaHOU U3 KOHCTPYKUUM CI ¢
ceneKtnsHbiMU KoHTakTamu (KNA = 17.7%)
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C3 c ceneKTUBHbIMM KOHTAKTaMM nNpeanonaratoT ucnosbsosaHue naeHok TCO

J. Yu et al., 2018. Heterojunction solar cells with asymmetrically carrier-selective contact structure of molybdenum-
oxide/silicon/magnesium-oxide. Sol. Energy 159, 704-709
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Hanbonee nonynapHbl naeHKu indium-tin-oxide
(ITO), BbipalleHHble meTogom sputtering

Pe3synbTatbl Nnoucka B 6ase fgaHHbIX Scopus 19.07.2019 no Ka04YEeBbIM CJIOBaM:
"MeToa" AND "indium tin oxide" AND "solar cells"
10000
sputtering (Sp)
chemical vapor deposition (CVD)

Sp: 2678
pulsed laser deposition (PLD)
atomic layer deposition (ALD) CVD: 751
ultrasonic spray pyrolysis (USP)

PLD: 360
ALD: 342

USP: 72
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OaHaKo, Sp-meToa NoOBpeXKAaeT MNOBEPXHOCTb. ITO CTUMY/IMPOBA/IO BOHY paboT no
pa3paboTKe HenoBpeKAaoWmMx MeToaoB BbipawmaaHus ITO.
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YnbTpassykoBou cnpeu nuponuns (USP) - Hanbonee
35KOHOMMUYHbIU MeToA, BbipawmuBaHna naeHok TCO

Fig. 1. Schematic of the home-made CDA-USP setup: (1) ultrasonic nebulizer,
(2) film-forming solution, FFS, (3) FFS aerosol, (4) atomization chamber, (5)
camrier-gas inlet, (6) aerosol guide tube, (7) thermocouple, (8) massive hot

plate, (9) stage (Si wafer), (10) quartz cylinder, (11) substrate, (12) spray, (13)
pointed electrode, (14) high-voltage source.

Corona-discharge-assisted ultrasonic spray pyrolysis (CDA-USP) — HepaBHO
pa3paboTtaHHaa B HUMAD MTIY ycoBepueHcTBOBaHHaA Bepcnsa metoaa USP
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HeKoTopble pe3ynbTaTbl ANA reteponepexoaHbix CI
TCO/SiO,/c-Si c nneHkamu TCO Ha ocHose In,0; n ZnO.

Isc ] Voc FF
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Cnacubo 33 BHUMaHue!
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