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XXerogHbIn NPUPOCT YCTAaHOBJIEHHbLIM MOLLHOCTEN
conHe4Hbix baTtapen B 2008-2022 r.r.
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CymmapHaﬂ MOLWHOCTb YCTAaHOBJI€EHHbLIX B MUpe
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: SOLAR MOIHHOCTU 3neKkTporeHepauuu, AobaBneHHble B Mupe B 2019 HTU, ThnT
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Source: Frankfurt School-UNEP Centre/BNEF (2020).
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TpeHabl B KpeMHMeBoun (poToBONbLTanKe

1. I'Iepexon Ha MOHOKpMCTaﬂﬂM‘-IeCKVIﬁ erMHVIﬁ N NNacTUHbI N-TUNa

2. Poct o6bema nponsBoacTBa Mmoayrien No HOBbIM TEXHONOINAM
(IBC,TopCon, HJT)

3. YBenuyeHune pasmepa nnactuH ( M12 go 210 mm).
4. MeTannusauus siueek

5. ToHkast nnacTuHa

6. NMouck BapuaHTOB TaHAEMA Ha KPeMHUW.

7. BnmxHum Kkocmoc
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TpeHa 1. Nepexoa Ha MOHOKPUCTANSIMYECKUN KPEMHUM M NNACTUHBbI N-TUNAa
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PEKOPObl 3®PEKTUBHOCTU PA3JNIMYHbLIX TEXHONOIMM
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50
Multijunction Cells [2-terminal, menclithici  Thin-Film Technologies
Izttica maichad © CIGE {concarirator) Gy
48 - ® cics )
o i g I St
v © Amarphous SiH (slatilzad; i
44 |~ 'Y Tarse-uncticn JEE
A Two{uncton [carosniratar) Bn
A Twojuncion [non-cencenlralor) o 0!
B Fourjuaction or mave icencentrator) o Boging-
40 [~ O Fourjunction or mare inon-concenvata) _‘”_fj-;'F' ilkn) Spaclrolab {5-J)
. g Sharp (M)
B
Crystalline Si Cells
— 32 B Sngleaystal fcenzentraier) ) NREL
9 W Sngle crystal (noa-concentralee) HRE Alta Denices
L E Multorystaline At i Aita Denices
- Slicon heteroslructures (HIT) S AN G =
> % W Thafikn erystal A TRz [ . 17
c anf D---K;p:-“
Q :
0 A =
E nAm=m————T
&0 Lanker)
20 -
NRZL NREL MNREL MREL
KREL U. Shtigeri




HEVEL HTU TAT

SOLAR

iz Tereponepexomos... (10:00 ¥yrpa - 12:00 Bewepa) ‘E}
% D Rem“gl T muuﬂlnlhlﬂhHt\IIIlihIImHhlIllﬂimililull\ﬂﬂullllkﬂMIIHI\MIBIWNIIIIIIHJ\1MIIIK\HWIIWHIIHHMIIIWNHIIWH\hlunn\iHIIIH\MHIIIW\lli|IWIH|WIIiliMIIWHMIIIINMWIWIIIWNIIIWIW 50 i

Between 2013 and 2016, the
industry operated with p-multi
being the mainstream offering
(Al-BSF and PERC variants).

During this time, p-multi had

f | about 75% market-share each

i ‘ , year.

| =

LI - e The main reason for this was that

201; ‘ 2015 2017 {p-multi) brick (ingot) casting
offered the lowest cost solution

B =5 ntype (s FERLTORCON, HOF, 1B to the industry, and factories

Thin-film
|- c=mpasno s ESk could be built quickly in China.

2018 2021

# -5 p-mono PERC

c-5i p-multi PERC ® - 5i p-multi AI-BSF

© PV-Tech & Solar Media Lid., 2021 Finlay Colville | PV HeteroxunctlonTech Online | 17 March 2021
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i 2017-2019: p-multi to mono Flip

: It took three years for the industry
p-multi to p-mono b
il gl to move from p-type multi as
100% j | mainstream to p-type mono.

ik i ; ey This occurred between 2017 and
s ! 2019
50% i " i PERC has not been a (substrate-
! i type) technology change in the
259% B I industry. PERC was used for both
! | = p-multi and p-mono upgrades
0% ‘ i from 2014 onwards.

2013 2017 2019 2021

During this period, module
suppliers moved to 72-cell designs
(ground-mount), retaining 60-cell
variants for rooftops. Half-cut

Thin-film = cSin-type (n-PERT/TOPCon, HIT, IBC)
® cSi p-mono PERC ® c-Si p-mono Al-BSF

_Si p-multi PERC ® c-Sip-multi ALBSF )
e cells (mono & multi) were also

introduced.

© PV-Tech & Solar Media Ltd., 2021 Finlay Colville | PV HeterojunctionTech Online | 17 March 2021

Texsmmeckue TIpoGaemer? 3anycrere HIPHIOKSE]
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2020-2021: Mainstream p-mono

* During 2020, and forecast with
high probability for 2021, p-mono
is totally dominant, and certainly
the mainstream offering.

p-mono Mainstream

The dominance of p-mono has
removed p-multi from the
market. In 2021, p-multi volumes
are very low, and will likely move
to market-irrelevance during
2022.

2013 2015 2017 2019 7021
Technology changes are now

coming from larger wafer sizes,
more cell cutting/division, and
even larger panel sizes (rated
powers at STC).

Thin-film ® c¢-Sin-type (n-PERT/TOPCon, HIT, IBC)

# c-Si p-mono PERC ® c-Si p-mono Al-BSF

c-5i p-multi PERC ® c-Si p-multi Al-BSF

© PV-Tech & Solar Media Ltd., 2021 leay Colville | PV HeterojunctionTech Online | 17 March 2021

Texuugeckue IIpoonenmsr? 3amycrure TIPHIOKEH
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TpeHa 2. PocT o6bema npousBoacTBa Mmoayrnen no HOBbIM TEXHONMOMUAM
(IBC,TopCon, HJT) ,nepexopn Ha KpeMHUU N-TUNa
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LiNREL AYEUKU CPEOHEINO OUAMNA30OHA 3OPEKTUBHOCTU - C-SI

(IMM,E.‘;EZx)
“Sai TexHonorMm Ha OCHOBE KPEMHUSA HABMAKTCA OCHOBHbIMU B 3NEKTPOHUKE WU
Junctor ol Lo poToBOMLTaMKE Ha NPOTAXEHUM MHOTUX [OEeCATUNETUW, 4YTo obecnednBaeT
’v‘E./ErQ‘""L 48.4% 0 OTPabOTaHHOCTb TEXHONMOIMYECKNUX PELUEHUN.
‘l'_'_l
o OCHOBHbIE OCOBEHHOCTY:
[ Spectroisb (5-) '
Sharp (IMM
,v Ay Sharp (M) - adhdpekTBHOCTL OT 20.8 00 27.6 % (C NpUMEHEeHMEM KOHLIEHTPaTOpPOB),
NREL - ConHeuHble A4ENKN N3roTaBMBaloTCA Ha OCHOBE MOHO M MYMLTU-KPUCTaNIMYECKOro
——-'""'"A(‘E”" KpeMHUA. MNpuMeHeHre MynbsTU-KPUCTanM4yeckoro KpeMHUs NPMBOANT K MeHbLLEN
m} _“NREL 3 PEKTUBHOCTH;

bes npMmeHeHns KOHUEeHTpaTOpPOB MaKcuMarnbHYyr 3dheKTMBHOCTL umetroT HIT
AYeurKu (25.6 %);

Ayenikn Ha OCHOBE KPEMHWSA BbINOMHEHHbIE MO APYTMM TeXHONormam TpebytoT 60nbLIoro
Konu4yectsa TexHonornyeckux waros (IBC) nnun nmetot 6onee HU3Ky0 aPEKTUBHOCTD U
noasepxeHbl gerpagaumm (PERC);

[ononHutenbHble npenmylecTsa TexHonorun HIT:

Husknin TemnepaTypHbI kK0OadduumeHT HIT saveek. Mpn TemnepaTtype
akcnnyatauumn 60 °C gaet npmpocT +6 0TH.% NO CpaBHEHUIO C OCTaNbHbIMU
TEXHONOMMAMMN HA OCHOBE KPUCTaNSIMYECKOro KpEMHUS;
HuskoTemnepaTypHbI NPOLECC - BO3MOXHOCTb NMpUMeHeHUs1 6onee TOHKUX
NNacTuUH No CpaBHEHMIO C KNnaccuyeckon TexHonornen (BSF).

Boioa: HIT TexHonorns Hanbonee nepcnekTnBHa ans NnpUMeHeHus B

T KOMMepYecKknx HasemHbix COC

12
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CxemaTtundecknn Buf B paspese
BbICOKO3(PPEKTUBHbBIX CONTHEYHbIX 3N1IEMEHTOB

(a) IBC cell (b) PERC cell

Front metal grid
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TEXHOJIOIN'NA HIT: OBWWAA KOHLUENUUA

Knaccuueckas KOHCTPYKUMA Ha ocHoBe reteponepexoaa ToHKoNNeHo4Hble
Ha ocHoBe C-Si a-Si:H/c-Si (HIT) Ha ocHoBe a-Si:H/uc-Si:H
KNa 17-19 % Kna 18-20 % Knh 9-11 %

KoHTakTHasa cetka (AQ)

KoHTakTHasa cetka (AQ) M
TCO (ZnO:B)
TCO (ITO)

p-a-Si:H C-Si:H
i-a--Si:H

|:> : p-a-SiC:H
&/ N
(p+) s-Si BSF
Al TbINbHBIN KOHTaKT AQ TbIfTbHbIN KOHTAKT Crtekno

HIT: c-Si noanoXkKu + TOHKONNeHo4YHasA TexXxHornorusa —
BbicoKaAa 3¢ppeKTUBHOCTb + HU3KUUN TeMnepaTypHbIN
koadpduumeHT

14
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PbiHOK HJT: 0630p OCHOBHbIX UTPOKOB

Mpounssoagntenn 3l n ®OM HJIT B mupe (2019-21)

Mo cocTosiHuio Ha 2019 r. npounsBoACcTBEHHbIE MOLLHOCTM HIT HacuuteiBatoT 3 460
MBT/rog. K 2021 r. Npon3BoacTBEHHbIE MOLLHOCTU yBENM4aTcs MMHUMYM Ha 1 960
MBT/roa
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TpeHa 3. YBennyeHue pasmepa nnactvH ( M12 go 210 mm).
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HoBbi cTaHOapT?

CornacHo MexagyHapooHOW OOpOXHOU KapTe angd
doToanektpundeckmnx cuctem (ITRPV), ona poctosbix
TexHororum nnactmH M6 ( 166x166 mm) HabnogaeTca
COKpalleHne Oonu pbiHKa, KoTopas, Kak oXnagaeTcs,
bynet npekpalieHa nocne 2027 roga, NOCKOSbKY HOBbIE
nracTuHbl 6ornblero pasmepa M10 (182x182 mm) n M12
( 210x210 mMm) ObICTPO 3axBaTbIBAOT AONN PbIHKA.

17
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Kyna gsmxemcq!

4 R~F: (mm)

FHER: (RAOAKE 210 23 us 2008 20)
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[MpOrHO3 N3MeHeHNs pbiHKa pa3mepa nnacTuH

Predicted changes in wafer size Source: PV InfoLink
[ ) m M W G1(FSQ) W V4 B Meé m 2 W Others

SR DN
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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TpeHa 4. ToHKaa KpeMHueBas nnacTuHa

HEVEL

SOLAR

20



21
IH&E\/&E L _CpaBHeHne xapaktepuctuk mogynen HIT ¢
7 S g . HTU TOT
“TpaAHUUMOHHOM TexHororuen (c-Si)

HIT TpapuuuoHHaa TexHonorus c-Si
Bbicokun KM go 26% B NpoMbILLNEHHOM NMPON3BOACTBE KM s npomMbiluneHHOM Npon3BoacTBe He 6onee 25%

EcTtb noTteHuunan ana ysenundenus KMpg ao 27%

(NOMy4eHo Ha NaBopaTopHbIX 06pasLLax) MoTteHumnan ana yeBennyeHnusa KI[ npaktnyecku ncyepnaH

Hu3knm temnepatypHbin Ko3phpULNEHT MOLLHOCTH (- Bbicoknn TemnepatypHbin KO3 (pULIMEHT MOLHOCTH (-
0,30%/C) - BbicOoKas BbipaboTka aneKTpoaHeprum 0,45%/C) cHmxaeT BblIpabOTKY 3NEKTPOIHEPTUM

Bo3MoOXxHO ncnonb3oBaHne NnacTuH TonwmHon 140 Mkm MuHuManbHasa TonwmHa nnactuHel 180 MKM onpeaensieTcs
M MeHee — ManbIX pacxoaa matepuana TEXHOJNIOrMYECKUMMU OrpaHUYeHUAMU

Huskasa Ttemnepartypa npoussoactea (~200°C) Bbicokasa Temnepartypa npousBoacta (~700 °C)
YMEHbLUAET NnpoLeHT 6paka yBenuymBaeT NpoueHT bpaka

Manoe 4uucno nponsBoACTBEHHbIX Waros (6) Ha 50% 6onbLue waros npon3soactea (6onee 9)

TexHonorusa HIT obnaaaeTt 3Ha4YNTENbHLIMU TEXHONIOrMYEeCKUMU npenvyuiecrBamMmm,

noTeHuunasomMm yBesimn4ieHusA KMNAO v cHuxxeHnn cebecTtonmocTu npomn3BoacTtBa

21
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ToJsiluHa NJIacTUH Si

[MapameTpbl NNAcTWH C pasnUYHON TOMLLMHON

d um | Isc, A |Upe, B| P Br| Uy B | I, A | FF, % | EFf, %

170 um | 9,60 0,734 5,46 0,612 8,92 77,47 | 22,34

160 pm | 9,57 0,735 5,56 0,622 8,95 79,04 | 22,77

106 um | 9,23 | 0,740 | 5,45 0,635 8,59 | 79,80 | 22,31

87 pum 9,19 | 0,743 | 5,38 0,636 8,46 | 78,79 | 22,03
o LB 100
S &\1,01 90
2Y 1 n 80
s 70
% £09 £ 60

> @ -
220,98 A (u§ 50
g 8007 e 240
g 096 —=—Uoc 20
0,95 10
80 100 160 180 0

120 . 140
Cell thickness, pm

[MapameTpbl NNAcTUH € pasnMYHON TOMLLMHOW B
OTHOLUEHUW K nniacTuHe 160 MKM

dotorpacust obpasua

External quantum efficiency
M

yd AN
4 W\

/ \
/ ]
V4 e o [-]70um J=239.65mA/cm2| ]
Vi 2-160 um J=39.65 mA/cm2 |

F  llecaaa 3-106 um J= 3887 mA/cm2|—

300 400 500 GQRvel@AGin $PR 900 1000 1100

EQE nnacTuH ¢ pa3nuyHon TOMNLLMHON
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TpeHp 5. Metannmsauuns a4eek ( KOHTaKTHaA CETKA).
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TpadhapeTHana neyaTtb

1 ! A
| N~
=

dpoHTanbHas “TbinbHas
cTopoHa $31 cTopoHa $ 3l

Squeegee

Substrate
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CpaBHeHVIe CTOMMOCTU pa3JZINyHbIX BUOAOB MeTallJin3aummn

EUR/Wp (module)

0.08

0.07

0.06

0.05

3

0.03

0.02

0.01

0.00

Cost comparison SP vs Cu Plating, bifacial cells
Ag paste 850 EUR/kg, wire 11 EUR/km, foil 0.64 EUR/m?2

Interconnection: Mat./consum./waste

H Interconnection: Equipment depreciation (7a)
m Metallization: Mat./consum./waste
I B Metallization: Equipment depreciation (7a)

SP 4BB+soldering  SP 5BB+soldering SP BBO + SWCT Cu 4BB+soldering Cu5BBs+soldering

25
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I'Ipevlmyu_l,eCTBa N HEOOCTATKUN raJibBaHMKN

[MpenmyLwiecTBa

 Mcnonb3yeTcs HaMHOro MeHbLLe cepebpa
* Y CeTKM ny4yLie npoBognuMocCTb

Bbicokas agresus

[logxoouT ONg Nanku

TpebyeT MeHbLUEN LUNPUHBI OUHIEPOB
BBCT nnn SWCT

HepoctaTku

* boree cnoxHbln npoLecc

* Oyuctka PVD oT megun

« TpebyeTcs o4nMCcTKa CTOKOB

* HeT NpOMBbILLSIEHHOIO NOATBEPXKAEHUSA

o HTLU TAT

26
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KOoHTakTHasa ceTka
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[MpombilnieHHoe obopyanoBaHme

I SUSS+Micr0Tec

CTpynHaa nevyaTb [[anbBaHM4YecKasa NUHUA
1200 nn/™ 2000 nn/y (mo 4000 nn/y)

28
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Meco SOLAR
Plating equipment : schematic concept

BeSi
Bifacial Plating (HJT Cells)

BELT

CLIP

N\
|

N
L <

TN

CELL
BACKSIDE

FINGERS BUSBAR

o
SEEESN DR

Cathode (Contact Belt)

Plating chemistry

Patent protected in China —Soluble Copper Anode
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TpeHa 6. TaHOEM KPEMHUN-MEPOBCKUT

HEVEL

SOLAR

30



HTLU TOAT

lNMepoBCKUT N KpeMHUn: 6opbba UNKu CoTpyaHNYECTBO?

- . B=y
Best Research-Cell Efficiencies LINREL
52
Crystalline Si Cells Emerging PV ‘
- i O Dye-sensitized cells
i u Single crystal (non-concentrator) O Perovskite cells (not stabilized) |
O Multicrystalline A Perovskite/Si tandem (monolithic)
i @ Silicon heterostructures (HIT)
A WV Thin-film crystal
36 :
L k- Oxford Py  <€EXIAA
< Orford PY
A ISFH PGSt 9
&2 XA 26-6% L4
S SolarFron 26.1% ||
£ - KRICT “€E3I0
i ISCAS
8 ur- RUIERN 2 -1
16} ISFHZ SOTex‘—ev EPF -
«FhG-| Trina
12}
8- EPFL I
NIMe S
4 NIMS
M T  11:5% [0
0
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T 31
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Current density (mA cm™)

Sahli, F. et al. // Nature Materials, 17, 820—-826 (2018).

TaHaeMHble CONTHeYHble 3fIeMeHTbl NepPOBCKUT@SI
NnoTeHUuanbHbIA NPOPLIB ANA KPpeMHMEBOWU (hOTOBOSbTaUKN

1.0
~---""Total- """~
40.4 mA cm'? \

5 o0sf
o /
S {
= {
g 06r 4 Perovskite SHJ
2 ¢ 201 mAcm™ 20.3 mA cm™?
[
Z 04
T
IS
jo)
502

400 600 800 1,000

Wavelanath (nm)

OFr Vot: 'Jsc FF n Tupp
(V) (mAcm™) (%) (%) (%)

Reverse1.788 19.5 73.1 2552

-5} 25.24
Forward1.786 19.5 69.1 24.09
—10l % Fraunhofer
ISE
Callab =7 £
-5 PV Cells Z, 7
_20 C_1 1 1 1
0.0 0.5 1.0 1.5

Voltage (V)
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ENERGY G

NMpoGnemMbl NepoBCKUTHON (POTOBONLTAUKN

CtabunbHocTb ( 25 neT)

MacwTtabupyemocTb ( pasmep U Npu3BOAUTENBLHOCTb
TokcuyHocTb ( Pb?)

CoBmecTUMOCTb € KpeMHueBou texHosnormen ( TCO, npoBoasLuas
nacra, naMmumHauus)

5. LUeHa ( cerogHA CTOMMOCTb MOAYIIA HA KpeMHuu meHee 30
Cent/Wt)

Hwh P

33
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I'IporH03 Pa3BUTUA KPeMHUeBbIX COJNTIHEeYHbIX 3JIeMeHTOB

p
Cell: Product - cell efficiencies in mass production //VDMA
J

Trend: leading cell efficiencies in production

s, 2 N-type leads in efficiency with SHJ and IBC = ITRPY

2% 1—a /I/L
g 30% E . - / 203 2001 201
- £ / p-mono PERC: 23.6% 24.2% 24.5%
Al /./ n-mono TOPCon: 24.2% 25.3% 25.5%
S % b S| S 5 (e} SHJ: 24.5% 25.7% 26.2%
§ s m é? e O Tandem: - 21.5% 32.0%
2 24% ’ A\ v —in mass production after 2025
i 2% ~ ¢ : :

® o ¢ -
20%

2022 2023 2025 2027 2030 2033

¥ Leading product Tandem
A Back contact celis n-type mono-Si
) Silicon heterojunction (SHJ) cells n-type mono-Si
o Leading product (Topeon including w/ passivated contacts) n-type mono-Si
oLeading product (PERC, PERL, PERT or Topcon celis including w/ passivated contacts) p-type mono-Si
¢ Leading product (PERC, PERL, PERT ) p-type me-Si

- Single junction cell efficiencies in production are approaching the practical limit
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KomnoHoBka KA Starlink Bepcumn 1.5

BarnoHbl C TONIMBOM
ConHevdHas barapes,

CrIO>KEHHAas «KrapmMOLLIKOWn>

NMapabanuyeckme aHTeHHbI
Arnsi CBA3N C LUSII030BbIMN
cCTaHumnsMmu

NMepeapawuie
aboHeHTckue PAP (c
HaHeceHHbIM
3aTeMHslLeEM
MoKpbITUEeM)

FNMpuemHas
aboHeHTcKas AP
(C HAHEeCeHHbIM
3arTemMHsaLIEeM
nokpbiTUEM)

Oeurarenun
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onHeYyHasa baTtapesd KA Starlin

ConHe4yHasa baTtapes cnoXxeHa rapMoLLKon n nmeet 12
CEerMeHTOB, C pa3mepom cermeHTa 3x0.8 m. INnowagb Bcen
batapen 12x3x0.8=28.8 m2.

[Mpu gonyuweHnn koadppuumeHTa 3anonHeHns 0.9, n
MNSIOTHOCTM NOTOKa conHeyHoro nanydexHns 1300 Bt/m2, K4
naHenen 18 %.

[Tpn Takmux gonyweHnsax nonyyYynm npumepHo 6 kBT
3ANeKTpnyeckon MOLLHOCTH

[1lo aKkcnepTHbIM OLleHKaM CTOMMOCTb Bcero KA cocrtaBsnger
200-500 Tteic. ponnapos CLLUA. KA Starlink ctan nepsbim B
NCTOPUN KOCMUYECKOW NHOYCTPUN CEPUNHBIM CMYTHUKOM,
KOTOpPbIN BbIMyCKaeTCs Ha 3aBodax B MPOMbILLNEHHbIX
MacLiTadbax
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P Il ana KOCMUYECKUX annapaTtoB Ha OCHOBE
apceHupa rannus

OKOHOMMKA

ApceHunp rannus

CroumocTtb 1 Bt B Cb — nopsigka 600 gonnapos
Batapes 1500 Bt -1500x600=900 000 gonnapos
KpemMHum

CtoumocTtb 1BT B Ch-nopsigka 25 ponnapos
Batapea 1500 BT-1500x25= 37 500 gonnapos

KonuyectBo cnyTtHukoB B rpynnuposke -1000 u Gonee
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Pa3Butne cornHeyHom aHepretuku B PP

HEVEL

SOLAR
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:
K XeBen u KOHUrpUH: CTpyKTYpa KoMNaHuu UNIGREEN

HPOM3B0.D,CTBO 3aBog XEBEIJ1 (HOBO‘-IeGOKcapCK)

'K XeBen n KOHurpuH (MockBa)

‘ = JTI’,M fh "= & - >500 MBT/rog
A n\ —-. ; i *  YnpaeneHue MK
-F \ + HIT®3Mud3Mc
2016 \ * T[poektnposaHne COC un
\ N ynpasneHve
- [Be dasbl \ cTpoutenbcteom C3C
pacLupeHus \
npovsBoAcTea * OnepaunoHHoe
[oxc] \ . ynpaeneHne C3C
« Tpu dasbl
OMOIOXEHWIN
N

npomsaoacma

* 1,3 Bt nnactuH
MOHO KpPeMHUsI
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o ivi= T e = T + PaspaboTka 1 BHefpeHue
1 Em" i j wt ¥ e "0 TEXHOMOMMYECKNX
LS =1 ] u, W . ]“ /’Y MPOLIECCOB 1 MaTepuanos
* 1Bt ®3MN HIT 3
» Paspabotka TexHonornm
3 n koHCTpyKumMmM ®3IM

3 *  HWOKP, nepcnekTuBHbIE
N L™, TexHonornu

CobcTBEHHAst TEXHOMOIMMS KpeMHUEBBIX reTepoCcTpyKTYpHbIX 3N n @OM
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OTe4yecTBEHHOE BbICOKOTEXHOJIOrMYHOE NPON3BOACTBO KPeMHUEBbIX
reTepoCcTPYKTYpPHbIX Moayneun Ha obopyaoBaHumn dpuvpmbl OpnnKoH
Conap




o HTL TAT HEVEL

SOLAR

[Tpon3BoaCTBO KPpEMHUEBLIX CNUTKOB K nnactmH OO0
«QHKOp» ( r.HMepHaxoBck, KannHunHrpaackas obnacTts).
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\ UNIGREEN

'K XeBen: PeannsoBaHHble NPOEKTbI CONHEYHON 3HEPreTUKU

KpynHble COC Ha ocHOBe retepocTpyKTypHou TexHornorum ®3M B PO

Nura Solar Power Plant. Republic of Kazakhstan

Limansky Solar Power Plant. Astrakhan Region Yashkul Solar Power Plant, Republic of Kalmykia One of the largest solar power plants In the CIS

Pa3paboTku B obnactn BUD
Burzyansky Solar Power Plant. Republic of Bashkortostan b BB T B e maiid Bl £2 brtaclol iRl B e
Russia’s largest solar power plant with industrial energy storage Stand-alone diesel-solar power plant

Solar+Storage . ‘a5 0ar+Diesel
Off-Grid

'K XeBen peanusoBaHo 6onee 100 NpoekToB ¢ 06Len yCTaHOBIEHHOW MOLLHOCTbLIO >1.5 BT
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There we are currently?

Average stabilized efficiency values for Si solar cells (156x156mm?Z)

27%
26% 1 & IBC
25% -
5 R S
5 24% 1 1 - HJT
g 239 * ‘ *
E ﬂ . : i PERC
w 22% =
8 Z -
8 21% ..‘! . ¥ .
z § . # _ - mono-Si
@ O =
19% ! =
- |
18%
17%
2016 2017 2019 2021 2024 2027
M BSF calls p-typa mc-Si +BSF cells p-type mono-Si
COPERC/PERT calls p-typa me-Si + PERC/PERT calls p-typa mono-Si
¢ PERC, PERT or PERL cells n-type mono-Si » Silicon hetarojunction (SHJ) cells n-type mono-Si

A back contact cells ndypa mono-Si

Being raised up from 21 to 21,7 % within 4 months, mass production average cell efficiency get close to the
general trend of Si cells
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BAPUAHTbI UCINOJIHEHUA MOAYIIA HJT -
OAHOCTOPOHHUU N OBYXCTOPOHHUU

’ OAaHOCTOPOHHUM [ByCcTOPOHHUM ’
/ MapameTphbl cM cM
Jor dpoHTanbHas \
EEEY N <.

) Cnowu TONLWMHA, HM -

HJT monofacial HJT bifacial
(oaHOCTOPOHHME) ®poHTanbHoe ITO 120 120 (ABYXCTOpOHHME)
= = ToinbHoe ITO 40 120 - -

ITO ITO
Ag 120 —

NiV 50 -
TbinbHaA KOHTaKTHaA
ceTKa ITO
J J

YBenuyeHue BblpaboTkn Ao 25% no cpaBHEHUIO C
OAHOCTOPOHHUMN MOAYNAMU B 3aBUCMMOCTU OT yriia HakfioHa 1
YPOBHS anbbeno

1),D,ByXCTOpOHHVIe ANIEMEHTbI NMO3BOJIAOT UCMOJSIb30BATb CBET, OTpaH(eHHbIIZ OT NOBEPXHOCTU 3EMJIN, YTO 0cobeHHOo aKTyallbHO
Ona permoHoB CO CHEXHbIM NMOKPOBOM

2) Hannune 060py,D,OBaHI/IFI O5n4a N3rotosrieHne AByXCTOPOHHMX 3JNIEMEHTOB MNO3BOJIAET NMPOBECTU ,EI,VIBepCM(bVIKaLI,M}O
npoaykunn 3asoa C y4eTom Tp660BaHVIF| 3aKas34ynkKa n permoHa yCtaHOBKA

45



72 cell bifacial HIT PV module
HTL TNT HEVEL

SOLAR

PEAK

5%,,% Bifacial HJT modules

0w pb_*f' S show energy gain over t 2 5 0%
IS O monofacial modules at Up O

MODULE all weather and additional output from back side depending

|]55F|_C| 5‘%\4 % seasonal conditions on the season and weather conditions

CELLS

INTERCONNECTION YIELD OF BIFACIAL HJT MODULES IS ESPECIALLY HIGH IN SUCH

5 BB ENVIRONMENT CONDITIONS AS:

TEMPERATURE

RATlg SNO WATE & SAND

— 0,31 %/°C W R

DIMENSIONS

Energy gain of up to 25% is observed with water or ground covered by

1996 x 1002 x 30 mm snow or sand

with anodized

aluminum frame* GUARANTEED POWER EXTENDED WARRANTY

864" 30

by the end of 30-year life cycle: + 5 years to the life cycle of glass-
2% in first year, 0,4% per year thereafter backsheet PV modules due to highly reliable
double glass encapsulation

OPERATING

fiR=E0°EYo>+85°C

*additional BiFi output
**also available in frameless configuration

6

responsibility for any and all mistakes, quality and completeness of the information.
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JleTHbIe obpa3ubl kKocMmuyeckmnx annapartoB ¢ Cb Ha
OCHOBE KpPEMHMUS
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o HTUTAT  BMEecTO 3aKnioyeHus HEVEL

SOLAR

Hawwn pesynsrarhbl.

* ApdekTnBHOCTL retepocTpykTypHoro O3l popmara M10 coctaBnsaet 25%.

* MOLLHOCTb OABYXCTOPOHHEro MOAyYmns CTeKno-cTekno cocrtasnaetr 540 Bt .

 3anyLieHo Npon3BoOACTBO KpEMHUEBBIX NNacTUH N-Tuna Ha 1.3 BT
OOO» IHKOop».

* 3anyLieHo Npon3BoacTBO reTepocTpykTypHbiX P31 dopmarta M10
mMowiHocTbo 1 BT B rogHa OO0 «OHKOp»

* MowHocTb npoussoacTea moaynen Ha OO0 «Xesen» gocturno 800 MBT B
rod;

» PazpaboTtaHa TexXHONOrns rmbknx reTepoCTPYKTHbIX KpEMHUEBLIX MOAYNEN
Ona MOOUIMBbHBIX U KOCMUYECKUX MPUMEHEHU,

 ['pynnon komnaHum OO0 «XeBen» NOCTPoeHO Tornbko B PO bonee 1.5 BT
C3C;

responsibility for any and all mistakes, quality and completeness of the information
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Kutanckasa akcnaHcusa Ha pbIHKe BO30OHOBNAEMOU
3HepreTUKu

China Extends Dominance of Clean-Tech Supply Chains

Its share of global manufacturing capacity is now above 80% in 11 clean-tech
segmenis
M China W US m Europe Japan B South Korea Rest of world

Hydrogen electrolyzer

Wind turbine nacelle

Nicket suiratc [

Cobalt sulfate

Lithium

Battery cell

Battery cathode

Battery anode
Battery electrolyte
Battery separator

Polysilicon

Solar wafer and ingot

Solar cell

Soalr module

'
80 100%

(o]
N
(o]
IS
(@]
o
(@]

Source: BloombergNEF
Note: Capacity is by physical facility location, not manufacturer headquarters. Lithium refers to lithium
hydroxide and carbonate.
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194064, r CankT-MNeTepbypr, ya. NonutexHudeckan, gom 28 Teir.: +7 812 2404468 Email: rdcenter@hevelsolar.com



