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Hevel Group: Corporate Structure HEVEL
S ——

SOLAR

PRODUCTION FACILITY HEADQUARTERS AND

ENGINEERING AND GENERATION UNIT

Location: Moscow

RESEARCH AND DEVELOPMENT CENTRE

Location: Novocheboksarsk

250 MW per year

» Heterojunction solar cells.

Location: Saint Petersburg

+ Development of technological advantages
» Engineering and construction of on- and and its implementation into production.
off-grid solar power plants of any
capacity. « Solar cell efficiency increase.
* Heterojunction solar modules. * Operation and Maintenance of solar

power plants.

* Production cost reduction.

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

The content of this presentation is for discussion purposes only, shall not be dered as an offer and doesn't lead to any obligations to Hevel Solar LLC and its affiliated companies. Hevel Solar
LLCd claims all re p bltyf any and IIm stakes q ality and c mplt of the information.




OcHoBHble PV TexHonornm

Tun: MHOrokackagHble KOHLEHTpaTopHble ®OM Ha
A3B5

PekopaHas achcbektnBHocTb ®IAM: 46 %
AdpekTBHOCTL PIAM (NnpomnssBoacTBo): A0 32 %
Ce6ectoumocts ®IM: 1,5-2 $/BT

OCOGEHHOCTU: CMOXHOCTb KOHCTPYKLN

CraTyc: MenkocepuiitHoe Npou3BOACTBO

BbiBoa

MoHb 2019

Tun: MoayNu Ha KPUCTamNIMYeCKOM KpeMHUK
PekopaHas achcbektmBHocTb ®IAM: 26,6 %
AdpcpeknBHOCTE POM (NpomusBoAcTBO): A0 22 %
Cebectoumocts ®IM: 0,2-0,5 $/BT (B
3aBUCUMOCTH ot
TexHonormm n aeKTUBHOCTH)

OCOGEHHOCTU: 3KOMOTNYHOCTb, 0TPaboTaHHOCTL
peLueHui

Cratyc: 3aHumatoT cabilwe 90 % PV pblHka

Twn: TOHKONMEHOYHbIE MOAYNN

PekopaHas achdektuBHocTb ®IAM: 22,6 %
AdpekTBHOCTL ®IM (NnpomusBoAcTBO): [0
17%

Cebectoumocts ®IM: 0,2-0,4 $/BT (B
3aBVCUMOCTM ot
TeXHonNorMm n acheKTMBHOCTH)
OcobeHHOCTU: HU3Kast 3PPEKTUBHOCTD,
NpUMeHeHNe TOKCUYHBIX KOMMOHEHTOB, HU3KUI
BbIXO[, FOAHbIX

CraTyc: [0S Ha pbIHKE CHUKaeTcs

XCBCA

TPYNNA KOMNAHMA

Tun: moaynu Ha OCHOBE OpraHM4ecknx

coeAVHEHU U NePOBCKUTOB

PekopaHas addektuBHocTb ®IAM: 22 %

AdbcpekTnBHOCTL PIOM (NpousBoacTBo): 8-11 %

Cebectoumoctb ®IM: <0,1 $/BT (B 3aBUCUMOCTYU
OT TEXHOMOrUN U

3 HeKTUBHOCTH)

OCO6GEeHHOCTU: HU3Kasi HaAEXHOCTb U
[ONrOBEYHOCTb

CraTtyc: MeNkoCcepuitHoe NpOoW3BOACTBO

TexHonormm Ha ocHoBe KpUctaniin4eckoro KpeMHmuAa JOMMHUPYIOT BCeacTteme onTuMaribHoro
COOTHOLUEHUA MexXay I'IOTpe6VITeJ'IbCKI/IMI/I cBOMCTBaMU N cebeCToMMOCTbIO



XCBCA Background of the project: o HTLL TAT
micromorph production line

il y — Module parameters
3 - - Maximum initial power 145 W
g ; Degradation 12%
& ; sonmitin Length 1300 mm
2 Width 1100 mm
Thickness 6,8 mm
o | Weight 26 kg

Production of micromorph modules with capacity 97,5 MW/y has been started in 2015




XCBECA Reality: Silicon PV trends O HTL TOT

rpynna KCMMOAHMWRM

Polysilicon Prices $/kg
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== Silicon = Multi Wafer = Multi Cell m— Multi Module

» 90% drop in polysilicon price between 2008-2009 caused later on huge
reduction in price on crystalline silicon modules making micromorph
technology noncompetitive




XCEBEA o HTU TMAT

rpynna KCMMOAHMWRM
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X Be/\ Background of the project: R&D center O HTL TAT

Ioffe Institute: world leading Hevel: about 100 MWp PV
scientific center (>1000 researchers, modules production facility

3 Nobel Prize Winners in 1964, (Gen 5, Oerlikon Solar).
1978 and 2000)

e

R&D center
{ questions|| . Approx. 30 people
— R&D staff: 13 people

* Gen 5 R&D-
equipment
(Oerlikon Solar)

- Laboratory
deposition

systems and
characterization
Qols

R&D-equipment similar to that of the production line is the key feature for
efficient feedback from technology experts to questions appeared in mass
production and fast transfer of R&D results to the industry




X(EBE/A WHY HIT? EXCELLENT CELLS PERFORMANCE! O HTL AT

rpynna KCMMOAHMWRM

Diffusion c-Si cell HJT cell = Thin-film a-Si:H/uc-Si:H
=9
Eff 18-20% Eff 20-22% S o Eff 9-11%
o =
=20
c < Contact grid (Ag) = 8
= 9 C o
Contact grid(Ag) = c - o =
L 20 T = TCO (ZnO:B)
[) L C C O
o.=29 =R
-3 .9 TCO (1T0) - g—
o> LD & O

i

p-a-SiC:H
T ZnO:B
i-a-Si:H CO (ZnO:B)
(p+) s-Si BSF p-a-Si:H
Al rear contact ITO rear contact | Glass

The idea to transform thin-film micromorph line to HJT production which combines
advantages of high efficiency c-Si technology with low temperature coefficient thin-
film p-n junction and passivation using existing line equipment (PECVD, Lamination)
was proposed by R&D Center in November 2013




SUNPOWER

380s: 400s.

360s-

+ 76 BT +85 BT
3a cyYeT TbifibHOM 3a cYeT TbINIbHOWU
CTOPOHbI* CTOPOHbI*
Multi — Si B8 1By CTOPOHHUM IBC
@8 «cTekno- Mono — PERC g HOT «cTekno-
¥ O3KLIUT» «CTEKNO-CTEKIIOY «CTEKNO-CTEeKNO» O3KLLIUT»
MowHocTb
woayn L7 Sl ekl ke 215 %
it e -0,41%/°C -0,38 % /°C | -0,31%/°C | -0,29 % / °C
ot KA 10/25 net 12/30 net 15/30 net 25/25 net
Aerpanaun » -2,5% 3% | 2% | - 1,5 %rop
e s - 0,7 %lron - 0,5 %ron - 0,4 %/rop - 0,3 %/ron
roabl
KoadcbumumenT
Mcnonb3oBaHus 0% 70+5% ‘ 90+5% ‘ 0%
TbINTbHOW CTOPOHbI
i 0,23 0,35 0% Kg,faim " 0,50

ueHa, ponn/Bt -10% K CTOMMOCTY CTPOUTENLCTBA

* uctovHuk: ITRPV 10



XCBECA [MepeBoa TexHonorn4yeckoro npouecca HIT o HTLL THT

FrPYynnmA KOMMOAHMWKDNM

KnactepHasa ycTaHOBKa nabopaTopHbIX
nccnepgoBaHum Oxford Instruments

MpombiwneHHasa yctaHoBka MXO
Oerlikon KAI-MT

MpoueccHble rasbl: SiH,, H,, PH;, B(CH,),
YuncTtoTa npoueccHbix rasos: 99,999%
Pasmep nognoxku: 110x130 cm?

OnbITHO NpoMbIwieHHana yctaHoBKa MXO
Oerlikon KAI-1200

“M" £ a - KacceTHas cTaHuus X - pabounii moaynb 3
, e 6 - poboT (BHELHWU MaHUMNYNATOP) U - TPAHCMOPTHLIA MOAYMb
B - 3arpy3oyHbli MOAYNb K - BOAHBIN TennoobMeHHMK
I - BHELHWN NCTOYHMK MrasMbl n - rasopacnpegenuTenbHbIi
O - pabounit moaynb 1 y3en BHELUHEro NCTOYHMKa
nnasmbl
e - pabouuni mogynb 2 M - razopacnpenenuTenbHbIn

y3en
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X(=[B3E/\  sI-HI TECHNOLOGY DEVELOPMENT IN R&D CENTER O HTL TOAT

FrPYynnmA KOMMOAHMWKDNM

Target level
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0 . Mpototunbl @3N HTL, (156x156MmMm)
20.02.14 08.09.14 27.03.15 13.10.15 30.04.16 16.11.16

Research has been started in March 2014. Starting from small laboratory cells now R&D
center is able to operate with industrial size 156x156 mm cells. In 2,5 years we have
reached cell efficiencies about 22 % for full-size 6" front- and rear emitter HJT cells.

12




xeBe/\ ADAPTATION OF KAI REACTORS TO HJT CELLS PRODUCTION

FrPYynnmA KOMMOAHMWKDNM

average thickness (nm)

o HTL TIIT

average bandgap E, (eV)

96.5 96.9 1.71 1.71
94.4 95.0 1.72 1.72

91.3 95.2 97.4 .1 1.72 1.7
91.0 94.4 1.72 1.72

94.4 95.4 | 1.73

Total gAX_ (73nm 3L_J4N0/0F Total ﬁ.\;gev 1L.JlN°/E

« wafer trays for simultaneous loading of 48 wafers and parameters compatible
with using KAI-MT reactor

» deposition recipes providing excellent a-Si layer uniformity required for HJT
cells

has been successfully developed by R&D center

13




XCBCA

rpynna

KCMMOAHMWRM

HIJT TECHNOLOGY DESCRIPTION

o HTL TIIT

The basis of HIT technology is the formation of solar elements with heterojunction:
amorphous (a-Si: H) — crystalline silicon (c-Si)

Stringing
grid (Ag)

Back contact (AQ)

2019 world record for silicon-based solar cells is 26.7%

=

Stages of HIJT element formation
HJT element structure

Front contact (ITO)

(p) aSi:H (10 um)

(i) aSi:H (5 um)

(n) aSi:H (10 Hm)

Texturizing

Heterojunction

Stringing/Tabbing
(i) aSi:H (5 Hm)

Parameters control

14




X=BEA From micromorph to heterojunction technology o HTL TNT

FrPYynnmA KOMMOAHMWKDNM

Wafer

texturing/clean

Glass cleaning/
control

PECVD a-Si
Front TCO
- Plasma Enhanced Chemical front/rear
Vapor Deposition (PECVD)
i TCO/metal
Ll sl ote 4L reactors are similar and /
. rear contact
. are the most expensive
PECVD a-Si/ . .
e part of the production line F i sE R

e printing
scribe P2 Curing at

Rear TCO = T~200°C
Laser scribe P3 ol Tester/sorter

Contact tabs/
lamination/
junction box

IV flasher/ —
Module efficiency : 9-10% {EStEr Module efficiency : 19-20%

Production capacity: 90 MW/yr Production capacity: 160 MW/yr

15




XCBCA Why HJT? Core equipment reuse! o HTU THT

repynna KoecMNDOAHWMW

- Module
Metallization
assembl

Gen5 KAl MT PECVD reactors (TEL Solar): VHF (40.68 MHz)

PM1

; ™
PM2

al] Cassettes

PM3

LL — Load Lock;
TM — Transfer Module;
== PM1-3 — Process Modules

Hevel’s production line includes PECVD KAI-MT system which provide double
capacity in case of switching from micromorph technology to HJT

16




XCBCA

rpynna KCMMOAHMWRM

Wet chemistry, texturizing
(manufacturer - Singulus)

o

HIT cell production (Front End)

HIT module production (Back End)

Implementation of HJT technology
at the existing Hevel production site

p/l, i/n layers of a-Si
(existing HEVEL equipment)

1

Module matrix
(Meyer-Burger)

Tabbing/Stringing
(manufacturer - Meyer-Burger)

v

) v
Lamination
(existing HEVEL equipment)

N V J

13
1
! Junction box setting (existing
| HEVEL equipment)
\ Y

1

1

1

1

1

1

1

|

Edge sealing Interconnection, layout, testing :

(existing HEVEL equipment) (producer - Meyer-Burger) !

A ) i

© AR C |
Glass cleaner Glass loading |

(manufacturer - Meyer-Burger) (producer - Meyer-Burger) |

\ / \ J !

1

1

> Junction box covering and potting Electroluminescence and testing ) Marking |
(existing HEVEL equipment) (manufacturer - Meyer-Burger) (existing HEVEL equipment) '

L J | 1

:] - Installed equipment

- additional equipment required

4 \
1

Conductive anti-reflecting 1TO, Ag, NiV - Metallization |
PVD system (manufacturer - Meyer-Burger) (manufacturer - JRT Photovoltaics) 1
1

1

v |

5 |

) 1

Product A: Solar cell testing and sorting :

PV cell (HIT Cell) <‘ " (manufacturer - Meyer-Burger) |

1

1
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X(=[BE/\  ADDITIONAL EQUIPMENT FOR THE LINE UPGRADE

FrPYynnmA KOMMOAHMWKDNM

Wgt B

e/

ench

‘ ~
Y 7 b /) - g
5 \ > e
N A v ~ »
R S/ ¥
b O o
)

Additional equipment needed to switch to HJT is available on PV market

— \Y[oYo [§][<]
Metallization
assembly
sl /DT PVD

o HTL TIIT

18




XCBECA HJT PROJECT MILESTONES O rmum

FrPYynnmA KOMMOAHMWKDNM

Micromorph production has been stopped

Disassembly of line equipment useless for HIT and upgrade of facility
equipment has been started

Delivery and installation of additional equipment for HJT line has been started
Start of HJT technology transfer from R&D center to the production

First HJT cells released from production line

First HIT module released from production line
HJT mass production starts at Hevel

End of rump up. Production capacity 160 MW/y at average module’s power
300 W has been successfully reached

Ultra fast conversion from micromorph to HJT technology has been
successfully completed less than in a year




X Be/\ HJT technology transfer to production line (Nov 2016)

rpynna

' o HTL TIIT

KAI1-1200 R&D KAI-MT HEVEL
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Thanks to the same design of the PECVD reactors of R&D pilot line, transfer of
basic heterojunction forming technology to mass production KAI-MT systems takes
less than 10 days
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Frequency

z

Frequency

E & &

E

&

5

5 84 8 3 8

FIRST SET OF HJT CELLS FROM PRODUCTION LINE (FEB 2017) o HTL TIMT

Histogram of ETA

Normal

Mean 2101
StDev 0.3444
N 477

C}

Histogram of Isc

Normal

Mean 9116
StDev 0.06901
N 477

Successful transfer of HJT cells technology from R&D pilot line results in average cells

Histogram of Voc

Normal

Mean

07220

StDev 0.003679
N 477
-l
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=
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=
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=
0711 0714 0717 0720 0723 0726 072
Voc
Histogram of FF
Normal
70 Mean 07789
StDev 0003728
60 N 477
50
z
]
@
=
o
£ 30
20
10

efficiency 21% right at the end of application works on mass production equipment
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rpynna KCMMOAHMWRM

X Be/\ FIRST HJT MODULES (March 2017) O HTL TMT

First modules assembled with using of SmartWire technology (from Meyer Burger)
show power above 290 W

22




XGBG/\ An example of cell line production trends (June 2017)

rpynna

KCMMNOAHMWMNW

asP_EFF

i as p_Isc

as pP_voC

asp_FF
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Stable HJT cells production with average efficiency 21,7 % at efficiency scattering
10,5 abs.% has been achieved within 2 months from the beginning of mass
production
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XCBCA There we are currently? o HTL, TAT

FrPYynnmA KOMMOAHMWKDNM

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

i IBC
&
& A
= ik i HIT
B o e
® . o 2 M
2 0 PERC
8 <] -
B v ¢ ¢
= u . mono-Si
2 - u
@ »
17%
2016 207 2019 2021 2024 2027
mBSF cells p-type mc-Si + BSF calls p-type mono-Si
OPERC/PERT calls p-typa mc-Si + PERC/PERT cells p-typa mono-Si
o PERC, PERT or PERL calls 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

24




Annual progress: HJT cells production line HEVEL
S ———

SOLAR

EFFICIENCY OF SHJ BBL CELLS

Cell Inspection P_EFF

228 |
226
= 224+
%22_2-
Z 220
-3
U 218+
216

214
N 335

5,50
cC
@ 5.45-
F
G 540+
g
5535+
Q
2530+
o

Y 5,25

+0,85%

e § | | | | | | | | | | | | | | | | | |

I T T T T T S S Y SN S-SR S S-S S 218 22 222 224 226 228 23 232 234 236
EA A A A A A
S T S S S A S S S S 5 A
Quantiles Summary Statistics
. .. 100.0% maximum 2345898  Mean 22,73581
+ 0,85 % in cells efficiency and +0,2 W of cells power
by: 99.5% 23,1930003  Std Dev 0,218998
y: 97.5% 23,10113075  Std Err Mean 0,0003C
o ) 90.0% 2299108  Upper 95% Mean 22,7364
* Improved stability of production process flow 750%  quartle 2288526 Lower 95% Mean 2273521
« Switch to low resistivity silicon wafers 500%  median 227554 N 5153¢
» Using of advanced texturing additives 250%  quartile 22,6106
* Fine optimization of PECVD process 10.0% 22,46616
. |mpr0ved ITO 2.5% 22,2578285
« Metallization grid with reduced shadowing L 21,9185894
0.0%  minimum 21,4011
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 25

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

25




Annual progress: HJT modules production line HEVEL
e ———

SOLAR

n
=)
[=)

[eE]

—

n
|

310+ + 15 W of modules power by:

305+

» Updates of cells production
process

« Improved cells interconnection

Cp. MOWHOCTE Moaynel, Bt
L
=2
1

295

=l (== (=)
1 1 1

CTh, 5%

Commercially available 325 W SHJ modules are already being manufactured at out production line

1. 67 9.26 44.15 79 53 22.2

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 26

LLC disclaims all responsibility for any and all mistakes, quality and completeness of the information. 26




XCBCA HenpepblBHOE COBEpPLUEHCTBOBAHNE TEXHOMNOMIA

MMTAHWMK

rpynna K ©

o
2015

ToHKONNeHo4YHas
TexHonorus:
MukpomopdHbIn
kpeMHUN®

156 cekuumn

KN
9%

MouwHocTb:

125 Bt

TexHonorus :

HIT

60 aueek

KO auenku:

22.5%

MowHoCTb:

300-310 BTt

V" INyqwnii TemnepaTtypHbIn

ToHKONNEHOYHAsA TEXHOMOrNS
npon3BoACTBa MoAymnew CTEKINO-CTEKIO
13 MUKPOMOPEHOIO KpeMHUA®
MOLLHOCTbI0 125 BT

KMa 9%

KO3 PULMEHT — nyyLuas
BblpaboTka aHeprum npu
BbICOKUX TeMMepaTypax

O
2017

TexHomnorusi reTepocTpyKTypPHOro
nepexoga (HJT)

Mogynu n3 60 s4eek MOLLHOCTbIO
300-310B1

KA suenkn 22,5%

TexHonorus:

HJT (ogHo- /
ABYCTOPOHHWUIA)
72 a4enku

KMA sueriku:

23%

MowHoCTb:

400+ BT

v +15% BbIpaboOTKN MO

CpaBHEHMUIO C
TeKyLlen
TexHonorven HJT

MogaepHusaunsa texHonorum HIT
OpHo- 1 ABYCTOPOHHUE MOAYNN
CTEKIO-CTEKNO U3 72 a4eek
MoLLHoCTbo 400 BT

KNO suyenkn 23%

KOHeL|

2018
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X(=[RBE/\ HIT MODULES EXECUTION OPTIONS - o HTL TAT
bifacial and monofacial

&

> Parameters Monofacial Bifacial /
= FIOnTCOntacHng gre v ?,'S,‘I\.
Layers Thickness, nm

HJT monofacial HJT bifacial
Front ITO 120 120

Back ITO 40 120

—/ /|
Ag 120 =
NiV 50 --
1 (o]
 —  —

Increase of output power up to 25% compared to monofacial modules depending on
the tilt angle and albedo level

“

1) The bifacial elements allow using the light reflected from the ground, that is in particular important for the areas with snow coverage

2) Availability of the equipment for the production of bifacial elements allows to diversify the factory product range considering the customer’s and the installation area
requirements
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XGBG/\ OBONOUMA KpEMHUEBLIX PV-

KCMMOAHMWRM

rpynna

TexHonoruin (O3M) o HTL THIT

'K «XeBen» cocpegoToyumna CBOM Hay4HbIN 1 MPOM3BOACTBEHHbIN NOTEHUMan Ha TexHonormm HJT — camMom NepcnekTMBHOM HanpasnieHun
pa3BUTUSA KPEMHUEBBIX TEXHOMOTMNA.

Buepa

» 2016

CerogHsa

P 2017 - 2020

3aBTpa ) 2020 - 2025

Al-BSF Al_BSF PERT IBC HJT HJT-IBC
. . Tandems
homogenous Selective on n-type on n-type on n-type hybrid on n-
emitter emitter mono mono mono typemono | | 77
Multi-S (AI-BSF) PERC (p—type) PERT (n—type) IBC HIT Tandem cell
MuH. TonwmHa 180 mkm 180 mkm 180 mkm 100 mkm 90 mkm
NnacTUHbI
Kng o3n 18% 22% 23-25% 25% 23-25% 25-30 %
TemnepatypHbIl k03dp. - 0,41 % /oC -0,38% /0C -0,30%/0C -0,30%/0C -0,30%/0C —
Koadh. ABycTOpOoHHOCTM — 80% 80% — >90% —
Derpapauus -0,7%/roa -0,5%/roa -0,5%/roa -0,3%/roa -0,4%/rog —
CtoumocTb 3a BT 0,22 - 0,23 USD/BT 0,28 — 0,32 USD/BT — 0,40 - 0,45 USD/BT 0,40 — 0,45 USD/BT —
CtoumocTb 3a KBT*y* 0,048 — 0,049 0,046 — 0,042 — — 0,040 — 0,038 USD/kBT*y  —
USD/kBT*4 USD/kBT*y

MoTeHuman

Mpepen pocta
ahpeKTNBHOCTM
[OOCTUTHYT, AONS pPblHKa
CHWXaeTcs

* nctouHuk: Mayer Burger

Mpepen pocta

9P PEKTUBHOCTM NOUTKN
OOCTUrHYT, OCHOBHast
TEXHOSOMS Ha pbIHKE C
2018 .

3anyck npov3BoACTBa
B 2019 r., BbICOKWNA
noTeHuman pocra
3hPEKTUBHOCTHU

Huwesasn
TexHororus, npeaen
pocTa
ahdheKTUBHOCTM
NnoYTU JOCTUTHYT, HE
oXxugaeTcst
CYLLLECTBEHHOIO
YBENUYEHUS JOMKN
Ha pbIHKe

HuweBas TexHonorus,
BbICOKMIA NOTeHLman
pocta adppeKTMBHOCTH 1
00nn pblHKa
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XCBCA

rpynna KCMMOAHMWRM

Efficiency (%)

nepOBCKMTHbIe COJIHEeYHbIe JNNeMeHTbI — O HTLI, AT

camas 6bicTpopa3BuBaloLascs obnactb POTOBOSILTaUKK

- = - BH=3
Best Research-Cell Efficiencies IINREL
52
48 ‘
|
44 — Emerging PV
O Perovskite cells (not stabilized) I
40 [~
36 [~ |
1
32- 25% ~ “0~)2500 |
28 [~
20% - -2000 <
24 X §_
- o |
52 = 15% 1500 g Nezerm o
~
>
16 |- Em%- -1000 g
o~ >
12 50, 3.8% 423 500 =
8- 1 1 11 63 | |
0% L] L] L L] 1 L L 0
41 2009 2011 2012 2013 2014 2015 2016 2017
0 | 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 | 1 1 1 | 1 1 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

https://www.nrel.gov/pv/
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Pa3paboTka TaHOEMHON TEXHOMOrnm O
. HTL TAT
X y Be /\ Perovskite/HJT a

— OrNMMNCAHUME
’ - KombBuHauwms BeicokoaddekTusHon HIT TEXHOMNOrMM C HU3KO 3aTpaTHOW TeXHONornemn
= NEpPOBCKUTOB C LiENblo YBENUYEHUS 3¢pDEKTUBHOCTU NpU coxpaHeHumn cebectommoctn Gl

1.8 18+

16

]
| M, thermalization <20% |

Irradiance [W/(m*nm)]
Iradiance IW/(m?nm)]

| a) b)
g::'?c‘l'fgap 20% gzlnocrfgap 20% | I-loTEH Llll/lAJ_I o — -
[ r ] o e ——— 1 I
o | & TexHonorns npon3BoAcTBa MoAynen Ha = i
- e e W e e e ocHoBe ®3MM ¢ 3hHEKTUBHOCTLIO 590-OMaTAD
Wavelength [nm] Wavelength [nm] cBblLlLe 27 %
CTATYC &
HauyaTo B3aMmoaencTBue ¢ pOCCMNCKUMN U 3apyBexHbIMK rpynnamu, paéoTaowmmm B —

obnacTtu nepoBCKUTHON hoToBOMNbTankn. BegyTcsa paboTbl no onpeaeneHunto Hambonee
NepCrneKTUBHBLIX TEXHOOMMYECKMX NOAXOA0B K hOPMMPOBAHMIO NEPOBCKUTHOIO Kackaga u
MOMCKY CTpaTermyeckux napTHepor B Poccum 1 3a pybexom

rOTOBHOCTb K BHEAPEHUIO

Pa3paboTka naGopaTopHoro npouecca narotosrneHnss @3 NpoMbILLNEHHbIX pasMepoB NoTpebyeT HEeCKOMNbKO feT.
Cpoku pa3paboTku 1 BHEAPEHUSI MOTYT ObIThb CyLLLECTBEHHO COKpaLLEHbl 3a CYET LUMPOKOW Koonepawuum ¢ pOCCUNCKUMM
1 3apybexxHbIMU UccrieqoBaTeNbCKUMU LLEHTPAMM U MPOU3BOANUTENSMY NPOMBbILLIIEHHOrO 060PYAOBaHMUS
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x Be /\ MepcnekTuBHOM AABNAeTCA pa3paboTka TaHAEMHbIX CONMHEYHbIX
3anemMeHTOB NepoBCKUT/Si, aemoHcTpupyrowmnx Krpg > 27%

rpynna KCMMOAHMWRM

a
1.0
===~ "Total- ~
40.4 mA cm 2
0.8 ’,’
0.6 - § Perovskite SHJ

External quantum efficiency

400 600

20.1 mA cm ™2

20.3 mA cm™2

800
Wavelength (nm)

Current density (mA cm™)

—-10

—-15

V,

oc Jsc FF n }?MPP
(V) (mAcm™) (%) (%) (%)
R 1.7 19. 73.1 25.52
everse 88 9.5 3 5.5 55 04
Forward 1.786 195 69.1 24.09

—= Fraunhofer
ISE

CalLab _7//

)

PV Cells

Sahli, F. et al. Fully textured monolithic perovskite/silicon tandem solar cells with 25.2% power conversion
efficiency. // Nature Materials, 17, 820-826 (2018).

32
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X Be/\ AkTyanbHble Npo6nemMbl NEPOBCKUTHOM (POTOBOMNLTaUKM o HTL TIIT

rpynna KCMMOAHMWRM

{@)NMSE

1. CrabunbHocTb ( 25 nerT)
2. Tokcu4yHocTb ( Pb?)

3. MacwTtabupyemocTtb
TexHosroruu ( pasmep m
NpPoOnN3BOAUTESIbHOCTD)

4. CoOBMeCTUMOCTb C KpeMHUeBOMn
coopkoun moayneun ( TCO,
npoBoasLasn nacra, naMmmHauus)

5. CtoumocTb ( KpeMHUM MeHee
30 Cent/Wt)
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XCBCA

FrPYynnmA KOMMOAHMWKDNM

CTpOI/ITeJ'I bCTBO U reHepauuna.

ConHeyYHble napku

o HTL TIIT

PACMPEOENEHUE CYMMAPHOWM
COJIHEYHOW PAOUALIUM
HA HAKNMOHHYO MOBEPXHOCTH
(¥ron PABEH LUMPOTE)
OnA TEPPUTOPUU POCCUM

BbIMONMHEHO HAN B2 MI'Y 1 OMBT PAH)

& “::':L"i\""_l JJ‘;&.\ 1\:\ f-? E
ot s LN —J
o= J,;:i:;\f"“ v
- 5 073
N 2 i
AN .
-~ o) ;
- i
\\ )
.. <
<

50

e
A xmxu}u: /
"l

:?//\\

e 90

— TN N S

. S T ~F

T s [

CTpOMTeanTBO COJTHEYHbIX 3NIeKTPOCTaHLMN B paMKax
nOCTaHOBneHMﬂ I'IpaBMTeanTBa PCD oT 28 05 2013 Ne449

‘2 \
RESNEY AX‘QM
. - )

F — -.

|
MOU.I,HOCTb MB'r

R face U N i CapaTOBCKaﬂ o6n. 50 B
5 ﬁ% —t N\ Pecn. balukopTocTtaH 74 /
> T - OpeH6yprckas o6 95 =
> £ Owmckas obnacTb 25
N ~
] Pecn. AnTait 20 | “~
. Pecn. bypstus 25
® , = 3368VIKaJ1bCKVIVI Kpaii 10 ™
(F.; O © eBen» 6yneT I\'k)CTerHO 254 MBT
o5 o ‘con eHHbIX sn@KTpQCTaH vm ,u,o 201 8 rop,a

ConHe4dHasa pagnauunsa, kBT 4/m2

2 3 [ 4 . s -
[2s s . 4 5 . s 5 / @ o
20 ) 25
1 0 - 06WWas ycTaHoBMEeHHas MOLLHOCTb — T 2
C3C B pernoxe, MBT — _ - G ‘\ — §
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Peann3oBaHHble MPOEKThI

XESBEA

\:




o HTL TIIT

PeannsoBaHHble MPOEKTbI

XESBEA

|




XCBCA MunoTHbIN NpoekT AIQY B n. MeH3a O HTL THIT

FrPYynnmA KOMMOAHMWKDNM

NMOTPEBNNEHUE U 9KOHOMUA TOMJNMUBA, TOHH

17,16 16,08 (14,00 15 64 | (13 7/ (14 05 (14 57 [ 14 64 | (1557 |

®EBPAIJb MAPT ANPENb MAI NIOHb Nonb ABTYCT CEHTABPb OKTABPb

[ToTpebneHne ™ JKOHOMUS

HocTturHyrta akoHomus 6onee 50% An3enbHOro Tonnuea
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XEBEA  Toukn pocTa COMHEYHOI 3HEPreTUKY O HTL TAT

rpynna KCMMOAHMWRM

Ha TeKyLLI,VII7I MOMEHT KOMIMNMaHNA pa3BNBAET HOBbIE HarpaBleHnsA

ABTOHOMHbLIE
rmopuaHble
pewweHus (Aray)

AkcnopT
flvyeek,
MoAayrneun u
EPC, IPP
NpoeKTbl

EPC(F)
noapAaYMK —
CTPOUTENbLCTBO U
akcnnyaTauums
C3C

Mukporpug
(PO3HMYHbIN
PbIHOK)

= ¢

Ha oTkpbiToM Ha kposne (nmnockomn
NpOCTPaHCTBE N CKaTHOM) 1
(conHeyHble napku) Pacage snaHwm

38

38




XCBCA NuTterpauus PV pelueHun o HTL TNT

FrPYynnmA KOMMOAHMWKDNM

ONMMCAHUME

PaspaboTka 1 aganTauusi KOHCTPYKLMWN CONTHEYHbIX MOAynen ans
NPUMEHEHMUS B KAYECTBE MCTOYHUKOB INEKTPOIHEPTUM, UHTETPUPOBAHHbBIX B
30aHus, cneumarnbHble COOPYXXEHMUS U TPaHCMNOPTHbIE CpeacTBa

NOTEHUWMAN

Oneepcndukauus n npoaBuKeHE NPOAYKTOB XeBen, pacLluMpeHne pbIHKOB cObITa
npoayKumm

CTATYC

3roToBNEHbI U MPOXOAAT UCTbITAHUS
ONMbITHbIE 06Pa3LIbl CONHEYHbIX MOAY el
ANS PasnUYHbIX MPUNOXKEHNIA

FOTOBHOCTb K BHEOPEHWIO

HanaeHo onbITHOE N3roToBreHNe

MoAyrien ¢ pasnnuyHoOn KOHCTPYKLMEN U -‘
CO3aHNe NCTOYHWUKOB 3NEKTPOIHEPTUN

Ha nx ocHoBe. TpebyeTcs
pa3BepTbiBaHNE CEPUNHOIO
npovssoacTea
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XCBCA SUMMARY

rpynna KCMMNOAHMWMNW

» Project focused on conversion of micromorph
production line to Si-HJ production was successfully
completed by HEVEL,

* In house HJT technology with average cells efficiency
22,7 % and maximal efficiency over 25 % was
successfully developed and implemented in the
production line;

* Mass production with annual capacity 260 MW/y at
average modules power 325 W has been ramped up
successfully;
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XCBCA HTU TNT

rpynna KC MMNOAHMWM

194064, r CaHkT-MNetepbypr, ya. NoantexHnyeckasn, gom 28 Ten.: +7 812 2404468 Email: rdcenter@hevelsolar.com



