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HCVCL Q HTU TMAT

ENERGY G R O U P

TpeHAbl B KpeMHMeBoU hoTOBONbTaAUKE

1. CoBeplueHCTBOBaHUe ctTaHgapTHoUu ANPPy3MOHHON TEXHONMOIrMU Ha
pP-KpeMHuu ( npoMbIleHHbIN npeaen apdektmBHocTn 23%)

2. YBenudyeHue pasmepa nnactuH ( M12 po 210 mm).

3. PocT o6ema nponsBoacTBa moayrien no HOBbIM TEXHOSNOMMAM
(IBC,TopCon, HJT)

4. Tepexon HAa MOHOKPUCTANNIMYECKMM KPEMHUNA U NNACTUHbI N-TuNa.

5. NMouck BapnaHTOB TaHAeMa Ha KpeMHUM.
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Mexanu3msbl oreps B CI

PacnpeaejieHue morepb JHEPruu
nmajgapmero usjaydenus B Sl CI

- Tepmanmzanus — ~30%;

- notepu portonos ¢ hv < E; — ~20%;

- HEOJIHBIN COOP (POTOreHEpUPOBAHHBIX
HOocuTelen 3apsaga — ~4%;

- PEKOMOMHAIIMOHHBIC IMOTEPH B P-N-
nepexonae — ~20%;

- MOTEPH Ha MOCIICA0BATEILHOM U
IITYHTUPYIOIIEM CONPOTUBIICHUAX — ~490;

MexaHu3Mbl noTeps B CI: - OTepH Ha oTpaxkeHue — ~2%:

- IOTE€PHU Ha 3aTCHEHUE MMOBEPXHOCTH
KOHTAKTHOU ceTKOU — ~49%0;

1) He BO3MOKHOCTB ITOTIOIICHMS
(hOTOHOB C PHEPrUek, MEHbIIICH

LIMPUHBI 3aMPEIICHHON 30HBI, - He(hOTOAKTUBHOE norjomieHue — ~1%.
2) TIOTepH Ha TePMATU3AIHIO

HOCHUTEJIEH; BbIBOAbI: HAaM0OJIEE CYIIECTBEHHBI 2 TIEPBBIX
3) moTepu Ha IEPEXOcE, MEXaHH3Ma IIOTEePh, KOTOPHIC
4) moTepu HAIPSHKCHHS Ha IpUBOAAT K motepe 10 50%

KOHTAKTaX, SHEPIUU MaJAOIIEr0 COTHEYHOTO

5) pekoMOMHAITMOHHEIC TOTSPH. CRETA.




CxemaTnyeckum Buna B paspese BbICOKOIPHEKTUBHbIX
COJTHEYHbIX ANIEMEHTOB

(a) IBC cell (b) PERC cell
Front metal grid
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**NRE AYEUKU CPEOHEIO ANANA3O0OHA 3PPEKTUBHOCTMU - C-

Sh

‘"‘""?825-’, TEeXHOMOrMM Ha OCHOBE KPEMHWSI SIBMSIOTCS OCHOBHbIMU B 3NIEKTPOHMKE U
‘ Fahor L dOoTOBOMbTANKE HA MPOTSXKEHUM MHOIMMX NET, YTO obecneymBaeT oTpaboTaHHOCTb
/%/:f o TEXHONOIMYeCKnX peLlueHunn.

.
ol OCHOBHble OCOBEHHOCTMN:

;--WS"""“'“"') - ahbdektnBHoCTb OT 20.8 00 27.6 % (C NPUMEHEHNEM KOHLEHTPATOPOB);
Shard (M) - ConHeyYHble A4YEKK U3roTaBnmMBaloTCA Ha OCHOBE MOHO U MYIBTU-KPUCTaNIMYeckoro
467 KpeMHUs. MpruMeHeHne MynbTU-KPUCTaNNIMYEeCKOro KpeMHUS NMPUBOANT K MEHbLLIEN
17X ANREL apPpeKTUBHOCTY;
Ejvvbes ' - be3 npumeHeHUs KOHUEHTPaToOpOB MakCcuMarnbHYy0 3(pdeKkTMBHOCTL nMmetroT HIT
&2 ] si4erkm (25.6 %);
74 x - #lyenkn Ha OCHOBE KPEMHMUS BbINOSIHEHHbIE MO APYIMM TEXHOMNOrNAM TPebyoT 6onbLIOro
(T - KonunyecTBa TexHonornyeckux waros (IBC) unu numetot 6onee H13Ky0 addHEeKTUBHOCTb U

noasepxeHbl gerpagaunmn (PERC);

[lononHutenbHble NpenmyLlecTsa TexHonorum HIT:

- Husknn temnepatypHobin koadpdunumneHT HIT aueek. Npu Temnepartype
akcnnyataumm 60 °C gaet npupocT +6 0TH.% MO CpaBHEHMUIO C OCTanbHbIMU
TEXHOMNOMMAMN Ha OCHOBE KPUCTASNIMYECKOrO KPEMHUS;

- HmnskoTemnepaTypHbI NPOLIECC - BO3MOXXHOCTb NPUMEHEHUST Bornee TOHKMUX
NS1IACTUH MO CPaBHEHUIO C Knaccmudeckoun TexHosornen (BSF).

_§_—4 - AIST
159Nam #I1BM Hong Kong UST
& UCLA-Sumitomo Chem.

P "/ U. Toronto

BoiBoa: HIT TexHonornst Hanbonee nepcnekTuBHa Anst IPUMEHEHNS B
Ry KOMMepYecknx HazeMHbix COC




PbiHOK HJT: 0630p OCHOBHbIX UTPOKOB HEVEL

' SOLAR '

Mo cocToaHuio Ha 2019 . npon3BoacTBeHHbIE MowHOCTU HJIT HacuuTbiBaoT 3 460 MBT/rog. Mpoussoauteny ®3M n ®3M HJIT B mupe (2019-21)

K 2021 r. NponsBoacTBeHHble MOLLHOCTM yBenuyaTtcs MuHuMym Ha 1 960 MBT/rog

Sé%? N Panasonic.
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v Hanergy CTNNN
CerogHa Ha HJT npuxogutca okono 2,5% ot obuero MmMpoBoro npoM3BoacTBa YTr=sLA 500
OIAMN/OBOM. B bnuxanwme rogbl gona HIJT Oyaet 6bICTpo pacTu 3a cyeT ecosolifer
- B Tekywme mowHoctn (MBT/ron)
NOSIBNEHNSA B 3TOM CErMEHTE KOMMaHUN-NMAEPOB B NPON3BOACTBE TPaAULMOHHbIX
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PV-texHonoruit (REC, Hanergy, Jinergy, TW Solar n ap.) 03 KYOCERA " Sannanyposarkble k eaony (MBT/ron)
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Hevel Activities

1

RESEARCH AND DEVELOPMENT ACTIVITY

» Development of technological advantages and
its implementation into production.

« Solar cell efficiency increase.
* Production cost reduction.

* Product line extension (e.g. flexible cells) and
PV applications for different industries.

PRODUCTION

250 MW per year

Solar cells.

Solar modules.

Located in Novocheboksarsk (Chuvash
Republic), 600 km from Moscow.

HEVEL

SOLAR
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ENGINEERING AND GENERATION

» Engineering and construction of on- and off-
grid solar power plants of any capacity.

« Operation and Maintenance of solar power
plants.



Bifacial N-type HJT solar cell

Produced in Russia
ISO 9001:20151S0O 14001:2015 certified

Measured with GRIDTOUCH

e content of this pre
responsibility for

/y shall not be

any a dIImtk q Ity of the informatio

Hevel Heterojunction Cells

UTSTANDING CELL EFFICIENCY

~23.1"

vs. ~ 17-21 % for mass market
solar cells

BIFACIALITY FACTOR

03"

VS .~ 75 % for mass market
solar cells

Front side P>

23.1 %
5.62 Wp

m <€ Back side

contacting system. Measurement uncertainty +3%.

HEVEL

SOLAR

LOW TEMPERATURE COEFFICIENT

-0.31""

vs. from -0,37to-0,45%/°C
for mass market solar cells

MINIMIZED DEGRADATION

NO LID

n-type cells lacks light induced degradation
(LID), which affects p-type cells

« Standard dimensions: 156,75 x 156,75 mm

* Busbarless design: current collecting grid
optimized for 18 wires

« High open-circuit voltages due to superior
a-Si passivation

dered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 9



There we are currently?

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

21 % y-
= 4 months
26% & efficiency & IBC
258, E progress in o
& = HEVEL ]
E 249, = S - . HJT
5 \a
- L .
g 2 " \ ﬁ . 3 o
8 22% o 5 # PERC
]
8 21% o ‘—‘! o - - .
= ® mono-Si
a 20 r = O
= C ] N
- L
199 |
0 H
18%:
17%
2016 2017 2019 2021 2024 2027
W BSF cells p-type mec-Si # BSF cells p-type mono-5i
OPERC/PERT cells p-type mc-Si « PERC/PERT cells p-type mono-Si
¢ PERC, PERT or PERL cells n-type mono-Si @ Silicon heterojunction (SHJ) cells n-type mono-Si

& back contact cells ndype mono-5i

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



HEVEL

Hevel HIT 60-cell module technology roadmap e
332
\! 330,5W
p\l
330 ¢ outPl o,
ﬂ\od“\e pO\eN“d of 20‘\9 Advanced TCO
o 0 cell \‘\‘“0 W oY the 327,5W +3.5W
= 60 (eac“ »3 Advanced wafer
5 - : processing
=1 324 Advanced 324W +35W
5 interconnection -
@ 322 Advanced 322W +2W
= L
o metallization -
o
o 320 320W +2W
=
& 318
316
314

Hevel Group also is prepared to deploy bifacial 72-cell glass-glass HIJT modules
In the middle of 20109.

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all

responsibility for any and all mistakes, quality and completeness of the information. 1



Second stage of modernization

SOLAR

Plans for Hevel’s capacity growth in 2019, MW
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= CymMapHasa MOLLHOCTb MoAyrnen, BbiNyLEHHbIX Ha CyLLeCTBYLWNX MoLWwHoCcTAX, MBT B CymMMapHasi MOLLHOCTb MoAynewn Ha AONONHUTENbHbIX MOLWHOCTAX, MBT

HEVEL
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72 cell bifacial HIT PV module:

providing the highest output possible

*additional BiFi output

PEAK POWER
380 Wp +

/0 Wp bifacial gain*
MODULE EFFICIENCY
19 — 22,5* %

CELLS INTERCONNECTION
5 BB

TEMPERATURE RATIO
— 0,31 %/°C

DIMENSIONS

1996 x 1002 x 30 mm
with anodized aluminum
frame*

OPERATING TEMPERATURES
from -40°C to +85°C

**also available in frameless configuration

HEVEL

SOLAR

up to 25

additional output from back side depending
on the season and weather conditions

Bifacial HJT modules
show energy gain over
monofacial modules at all
weather and seasonal
conditions

YIELD OF BIFACIAL HIJT MODULES IS ESPECIALLY HIGH IN SUCH
ENVIRONMENT CONDITIONS AS:

@ SNOW ‘ WATER SAND

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

GUARANTEED POWER

86,4"

by the end of 30-year life cycle:
2% in first year, 0,4% per year thereafter

EXTENDED WARRANTY

30 yeas

+ 5 years to the life cycle of glass-backsheet
PV modules due to highly reliable double
glass encapsulation

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 6
responsibility for any and all mistakes, quality and completeness of the information.



Continuous Technology Upgrade

Technology:
Thin-film
micromorph®

156 sections

Efficiency:
9%
Power:
125 Wp
®
20 15 Thin-film micromorph®
glass-glass technology
125W module

with 9% efficiency

Technology:

HIT

60 cells

23.1%

Power:

320 Wp

v Monofacial glass-backsheet
heterojunction PV module

2017 Heterojunction (HJT)
technology
60 cell 320 Wp module
with 23.1% cell efficiency

Cell efficiency:

---.-7

\'

v" Bifacial glass-glass
heterojunction PV module

Technology:

HJT bifacial

72 cells

Cell efficiency:

23%

Power:

380 Wp +

20 19 HJT technology upgrade to
72 cell bifacial glass-glass

380 Wp module
with 23.1 % cell efficiency

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all
responsibility for any and all mistakes, quality and completeness of the information.
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ToHKasa KpeMHmMeBada nnacTtuHa



[Tpouecc narotoerneHnsa 156x156 mm?
reTepoCTpyKTypHOro OOl

3apaua

OGopynoBaHue

1.YoaneHue HapyLleHHOro Cros
bonee aonuTenbHOE BpeEMA.

JInHMA XUM. OTMBIBKU 1 TEKCTYpUpoBaHuUA

2. TekcTypupoBaHue c-Si
NnacTuH

JINHNA XM. OTMbIBKN U TEKCTYpUpoBaHuUA

3. dopmumpoBaHue a-Si/c-Si
rerepornepexonos

KAl peakTtopbl

4. HaHeceHune ITO n Ag cnoes

PVD peakTopbl

5. dopmMupoBaHMNE KOHTAKTHOW
CETKM

Screen printing

6. TecToBble n3mep




[MapameTpbl NNAcTUH ¢ pasnUYHON TOMNLLMHON

ToJImMHA NJIaCTHUH Sl

d, um Isc, A Uoc, B Pm, Bt Um, B Im, A FF, % Eﬁ:, %
170 pm 9,60 0,734 5,46 0,612 8,92 17,47 | 22,34
160 um | 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 um 9,19 0,743 5,38 0,636 8,46 78,79 | 22,03
1,02
101 —
= |
é 1 \\/
50199 /// = |
20,98 a A Z
097 // —Isc
% 0,96 — o
o Eff
0,95 l [
80 100 120 140 160 180

Cell thickness, pm

[MapameTpbl NNacTuH ¢ pasnuUYHOn TOMNWMHON B

OTHOLWLEeHUN K nnactuHe 160 MKm

100
90
80
70
60
50
40
30
20
10

External quantum efficiency

doTtorpadus obpasua

oW
"\
)
/2
£ B
7 )
’)? ._"\“
7 N\
A "\
)) ."
2 - 1-170 um J=39.65 mA/cm2
/'J' ——2-160 um J=39.65 md/cm2
T 0 - 3-106 um J=38.87 mA/em2
-------- 4-87um J= 3849 mA/cm2
\ \ \ \ \
300 400 500 600 700 800 900 1000

Wavelength, nm

EQE nnacTtuH ¢ pasnnyHoOW TOMLWMHOMN

1100



PacnpeaeneHus oCHOBHbIX Xxapaktepuctuk @3l ana 130 n
150 MKmM nnacTuH

130 VS 150 mkm wafer
tests
130 mkn Std

c & M 16
Meam: 5,559
LSS

- < -

b

G4

7RE

3

] M 1666
Meam: 55272

{44

=
Q
x

P.W

Meam 22 7263 —T1 Meamn 22 6525
229

227 -

225 .
223

- Meam 331732 Meamn 03107
.:I E" E % 1
0.8 =

0804

Eff,%

£

FF

vieam: 89,2165 T WVieam: 9,236
9,33 Meam 9 21654 Meam 9 23622

929 —_— —

925
921 (— .

9,17

|sc, A

o742 Meam O 73765 Meam 073411

DR
0.736
o732 1 —
073
Q72T N
orad

Voc,V
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DOTOOTKUI
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8 Pusmko-

j TeEXHUYECKUMN
A | VHCTUTYT

\F"l um. A.®. Nodbdbe

OcobeHHOCTb Si-HJ TexHonorMm — noBbILWWEeHHbIe
TpeboBaHUA K COCTOSAHUIO MOBEPXHOCTU

Heponyctum anntakcuanbHbIM POCT —

TpebyeTcs CHMXKEHME SKCMO3MLUMM Ha BO3OyX Mexay HeoBXxoaMmo npuMeHeHue Gydepa
OYMCTKOW NNacTuHbI U 3aBepLLUEHNEM naccuBaLum

0,731 ' T ' T ' T T T ' T

npenorBpawarero anMTakCuio

- 80,2

0.730 '\ It I
' \ 80,0

0,729 m n

1 - L 79,8
0,728 4

] L 79.6
0,727 - L

Voo, B

- 794

0,726
0,725 79,2

0.724 - - 79.0

T T I T
0 20 40 G0 80 100 120

FECITOSHITAE HA BO3OVXE, MHH

[TogrotoBKa NnacTUH KPEMHUA K OPMMPOBAHMIO FETEPOCTPYKTYPHOIO nepexoaa Tpebyer
MHOrOCTYNeHYaToro npouecca o4ncTkn. [lns naccmaumm HeobxoanmMo HaHeceHMe MHOIOCIIOMHOM
CTPYKTYPbl TOSMLLUMHOMN HECKOSTbKO HM, COCTOSsILLIEN N3 Bydhepa 1 NacCUBMPYIOLLIETO CNOA.

20



101%

100%

99%

98%

97%

% OT NCXOOQHOW MOLLIHOCTU

96%

AHoManbHbIe» (hoTOMHAYLUPOBAHHLIE

—= Dusuko-

\..L

; TeXHU4YeCcKum

|

| MHCTUTYT

adpekTbl B rerepocTpyktypHom DIl v

9

Bpewms, mecsubl

12

T=180C;
W = 1300 W/m2;

10

t, min

15

15

18

20

21

| M. A.®. Nodhpe

HJT ®3MN n moaynu:

» O6HapyXeHo yBenuyeHne MolHocTn Si-HJ mogynen B HavanbHbI Nepuog SKcnyataumm
N NPU NPONYCKaHUM TOKa B NPSIMOM HarnpasieHnn (B peXnMe MHXeKUUn HocuTenen
3apsga);

* VIHTEHCMBHOE OCBeLLeHMe Npu NOBLILLEHHOW TeMMNepaType NPUBOAUT K YBENUYEHUIO
apdekTnBHoCcTU Si-HJ PITT.

24 N3mepeHns BpeMeHU XXN3HU
* WHTEeHCMBHOE OCBeELLEeHME MPu NOBbLILLEHHOW TeMnepaType NPUBOAUT K YBENUYEHUIO
BPEMEHMU XN3HU B N-I-CSi-i-N CTPYKTYypax, B p-i-CSi-i-p 1 NaCCUBUPOBAHHbLIX MNNacTUHax
adpdekTa He HabnogaeTca Tipe

i I-n -n+(T0 -p -p+IT0

Mean(no): 1172 Mean(no): 2018 Mean(no): 1035 Mean(no): 1407,5 Mean(no): 509
Mean(PIA): 1097 Mean(PIA): 2752 Mean(PIA): 1873 Mean(PIA): 1202 Mean(PIA): 1325

¢
2500

)
2000 <>

1500
1000 0 o 6 O

500 o

3000

25

LT, mks
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e,

[eTepOoCTPYKTYypHaAA KpeMHueBas TexHornoru (Si-HJ) == onanc-
i TeXHU4YeCKUmn
V4 MHCTUTYT
%‘7_[ &7(%‘ MM.A.Cg. Wodbcbe

JlnueBom KoHTaKT(ITO)

TokocbeMHas ceTka
(AQ)

(p) aSi:H (~10nm) \'\TSW ---------------------------------------- =
NR=E 3 AE n F _f E:;\E

SRR ! © S

PR /A B =~

5 -

(i) aSi:H (~5nm) :E Q S o 7/ = 8:
\O TI] E h+ C'Sl g O:

> EC L Q

i) aSi:H (~ N minorit =N
(i) aSi:H (~5nm) \*_E.E ( y) Eé:
SANAN NN

. (n) aSi:H (~10nm)
TbINbHbIA KOHTAKT

(ITO/AQ)

PekopaHble acpcpektuBHocTu ans c-Si @Il — 25.2% npu ABYXCTOPOHHEM KOHTaKTUPOBaHUU
26.7% npn oQHOCTOPOHHEM KOHTaKTUPOBaHUU

22



doToMHAYUMPOBAHHbIE MeTacTabunbHbIE
cocTtogHma B a-Si:H

JOcBemenne a-Si:H =» yBeinyenne KOHIEHTPaIun Ae()eKTOB
(000pBaHHBIX CBAA3eli) = yMeHbIIeHHE MPOBOAMMOCTH H
poronpoBoaumMocT (3 PexT Crediepa-BpoHCcKoro)

JOTxur npu T=180 °C =» BoccTaHoBIeHHE HCXOAHBIX TAPAMETPOB

IIpuuynHa — pa3pbIB CJIa0bIX CBSA3EH:
IlornomeHne cBeTa=>» HEPABHOBECHbIE HOCHTEIH 3apsaa =»
=» peKOMOMHALINIT =P BbIJIeJIEHNE Y HEPTUN =P Pa3pbIB CBs3eii

\
\\ // D B\\ // > \ D.B. o \\
\\0// A /\\04 /\\o// \.// v & /oi /\.// \\‘//0;
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MeTannusaunsa a4yeek
C UCMOJIb30BaHMEM MEeToda rajibBaHUYECKOro ocakaeHuna meau
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Current status

Exchange programme between TFTE and

ASYS:

1. Increase of print speed (decrease of tact time)

-5200 vs 4800, 40 mkm

2. New pastes implementation

[Mpobnembl: pasHble 3Ta/IOHbl ANA CPAaBHEHUA, Pa3Hble PEXMMDI
HaHeceHunA (ckopocTb, oTKur), BB vs SWCT

3. Stencilprozess

Module parameters Cell parameters
Modules Isc, A Voc, B Voc/cell,B Pmpp, Bt FF, % Isc, A Voc, B Pmpp, Bt FF % Eff, % CTM, %
1 40mkm 9,29 43,95 0,732 320,7 79 9,27 0,735 5,54 81,3 22,73 4,59

2_25mkm 9,35 43,87 0,731 319,04 /8 9,32 0,735 5,58 81,4 22,87 9,58
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O HTU TNT

I'Ipeumyu.l,eCTBa U HEOOCTATKM NraJibBaHUKMA

[MpenmyliecTBa
Mcnonb3yeTcs HAaMHOIro MeHbLLE cepebpa
Y ceTku nyyule npoBOANMOCTb
Bbicokaga aare3ud
[loaoxoaunT ona nanku

TpebyeT MeHbLUEN LLINPUHBLI OUHTEPOB
BBCT vnn SWCT
HepocTtaTtku

bonee cnoXHbin npouecc

Ouuctka PVD ot meaun

TpebyeTcsa o4ncTKa CTOKOB

HeT NpoMbILLNIEHHOrO NOATBEPXKOEHUSA
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TexHOonorn4yecKnmn npouecc

OTxur ITO

PVD ocaxgeHune noacnoa ¢ AByX CTOPOH

 AOre3roHHbIN CIiou

« Crnon gns nposoaumocTu (M. 6. meab)

HaHeceHne mMackn ¢ AByX CTOPOH CTpyUHbIM npuHTepom (Hot Melt Ink)
ONEKTPOXNMUNYECKOE OCaXJeHNE Meau

XumMnyeckoe ocaxaeHue cepebpa

* [logroTtoBka NoOBEPXHOCTU Meau

» OcaxgeHune cepebpa

CHATUE MaCKU

* OpraHu4veckunn pactBoputens unm pacteop KOH

TpaBsneHnne PVD-nogcnosa Mmetanna HeMNoKpbITOro Meabio 1 cepebpom
» Pa3baBrieHHbIN PpacTBOP KUCIOThI

o HTU TNT
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Pa3smepbl OUHrepoB

Width[um] Height[um]
35.971 23.095

Fig. 1.1.2. Finger dimensions on the front side (measurement in the centre of the cell)

Width[um]  Height[um]
31.914 20.954

Fig. 1.1.2. Finger dimensions on the rear side (measurement in the centre of the cell)
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KoOHTakTHag ceTka




o ‘
o == _an

loffe
Physical C— e—
*%Te!ﬁ:ﬁgal _ - SO\L{RCL _ O HTULU TNT
Institute

[TpoMbILLINIEHHOE 0O0OpYyaOBaHME

Besi

| sussvicrorec

CTpywnan nevare [anbBaHn4yecKkas NUHuA
2000 nn/v (o 4000 nn/y)
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Plating equipment : schematic concept

BeSi s
Bifacial Plating (HJT Cells)

BELT

Cu

q

N

a K

CELL

ling-direction
BACKSIDE

FINGERS BUSBAR
MEEE

Cathode (Contact Belt)

Plating chemistry

Soluble Copper Anode

Patent protectéd in China
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2 different wafer suppliers HEVEL

Recent developments

SOLAR
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TaHOem KpeMHUN-NEePOBCKUT
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[lepOBCKUT N KpeMHuUn: bopbba unm coTpyaHnU4YecTBo?

Cell Efficiency (%)

.- . . [ CF ]
Best Research-Cell Efficiencies ot NRE L
52
Crystalline Si Cells Emerging PV
- _ O Dye-sensitized cells
" B Single crystal (non-concentrator) O Perovskite cells (not stabilized) |
O Mutticrystalline A Perovskite/Si tandem (monolithic)
i @ Silicon heterostructures (HIT)
H WV Thin-film crystal
36
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Bl TANDEM CELL

Dual junction cell design:
TANDEM CELL:

=
McO, ]

Perovskite

Perovskite

O

From: S. Albrecht et al., Energy&Environmental Science 10/2015, HZB Berlin




TaHOeMHble CONTHEeYHbIe 3fIeMeHTbl NePOBCKUT@SI

NoTeHUUanbHbIW NPOPLIB AN KpeMHUueBon hoToBONLTANKU

Sahli, F. et al. // Nature Materials, 17, 820—826 (zu.o).

10 . -----"Total- =7 oo - 1-R
40.4 mA cm 1
g 08F
Q0 y \
o ) ~
e 06T ©  Pperovskite SHJ \
2 | 20.1mAcm™ 20.3 mA cm™ ~
@ f ‘l
& 04 \
[ [ t
[ g ]
§ )
X 02F
0.0 = . . !
400 600 800 1,000
Wavelanath (inm)
OF Voc Jsc FF n vpp
s (V) (mAcm™@) (%) (%) (%)
'il !
£ Reverse1.788 19.5 73.1 25.52
S st 25.24
= Forward1.786 19.5 69.1 24.09
g |
= =
2 _1ol ~ Fraunhofer .
[} ISE §
© i
= N
© CalLab =7/
3 7151 PVCens/// )
<« /MPP
_20 C 1 . ] 1 ; 1
0.0 0.5 1.0 1.5
Voltage (V)
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Pa3paboTka nepoBCKUT-KpEeMHMEBbLIX TaHOEMOB TpebyeT
NAOTHOM Konnadopauum ¢ KpeMHNeBON MHAYCTPUEN

N3006paxeHuns: oxfordpv.com 38



ENERGY G R O U P

[MpobGnembl NepoBCKUTHOU (POTOBOSNLTANKHU

CtabunbHOCTbL ( 25 ner)
Tokcn4yHocTb ( Pb?)
MacwTtabupyemocTb ( paamep U NPU3BONAUTENbHOCTb

CoBmecTUMOCTb € KpemHueBou TexHonormveum ( TCO, npoBoasiwas
nacTa, nammHauus)

5. UeHa ( cerogHa cTOMMOCTb MoAynsa Ha KpeMHun meHee 30 Cent/Wht)
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Hevel Implemented Projects: Utility-scale HEVEL

SOLAR

IMPLEMENTED PROJECTS

T —

ORENBURG REGION

85 mw

BASHKORTOSTAN

SARATOV REGION

45 mw

VOLGOGRAD REGION

REPUBLIC OF ALTAY

45 mw

REPUBLIC OF BURYATIA

ASTRAKHAN REGION

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all
responsibility for any and all mistakes, quality and completeness of the information.




PV products for non-conventional applications Hevew

SOLAR

High-efficiency SHJ cells are perfect for reliable, efficient and technologically advanced PV solutions as well

as for customized products.

Hevel Group is working on a wide range of PV
solutions for non-conventional applications, such as:

= Flexible PV modules for mobile applications;
= Building and vehicle integrated PV solutions;

= PV modules to be used in extremely cold climates
(subarctic and arctic);

= Ultralight PV modules for wearable solar products
and aerospace applications.

IS highly attractive and is also being developed

@ For such applications SHJ-IBC platform
by Hevel Group.

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all 42
responsibility for any and all mistakes, quality and completeness of the information.
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Fliegende Labor“Albatros” O T

Ha 6a3e camoneta Stemme S12
YoenbHbIU BeC CONMHe4YHbIx moaynen: 1,5 kr/m2

NPOEKT «AJIbBATPOC» - BECNOCAZAOYHbIA KPYITOCBETHbIW NEPENET HA 3HEPI MM CONTHUA
— =

CEKUMA
BbIABMXKHOINO

CONHEMHBIE NAHENA

INEKTPUYECKUA OTONTUTENb KABUHB

AOATHYUNK MHTEHCUMBHOCTU CBETA

NUTUA-NOHHBIE AKKYMYNSTOPLI

/ MU3SMEPUTENBHBIA MOQY/ b
5.07 m

CYNEPKOHAEHCATOPHbIA CUCTEMA
MOAYTL MOHUTOPUHIA




BbiBOAbI

* HenpepblBHOE pa3BUTNE FETEPOCTPYKTYPHOU TEXHOMNOIMNN C YBENMNYEHUNEM
aPPEKTUBHOCTU A4enkn Ha +0,85 % 1 mowHOCTKU moaynga Ha +15 W 3a nocnegHun
rog;

* MowHocTb npounssoactea OO0 «Xeen» gocturna 340 MBT B rog;

* 325 W MOLLHOCTb NMPOMBbILLUNEHHOrO MOAYNA CTEKNO -Nonnumep;

e 380+ MOLLHOCTb NPOMbILLIEHHOIO ABYXCTOPOHHEro MoAynsa CTEKO-CTEKNO;

* [loctpoeHo Tonbko B P® 6ornee 600 MBT COC;

* PazpaboTtaHa TexHOonorns rMoknux reTepoCTPYKTHLIX KPEMHUEBBLIX MOAYIEN ONS
MOOUIbHBIX MPUMEHEHUIN. 3anyLeHO NPON3BOACTBO.

B nnaHax:
Co3aaHue rmraBaTHOro NpomM3BoAcTBa KpeMHUeEBbIX nNnactuH n GOl B
KannHuHpaackon obnactu k Havyany 2023 roga.

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar LLC disclaims all
responsibility for any and all mistakes, quality and completeness of the information.
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