,__————\'-IESO\L{REL : o HTLU TAT

o Bdzdz] YdzOW 1 dzj oG jIsdC O dzOls &b izegozd d :
(2S5O0 dsdsH' & kyj dr o ci &d

m )

9 SL

L dzjtecjbdCSd fted ) toRibBEO& Wi tist
L C s dzs B $1j9 , dgt@w0B tew 2 0 2 4

, [ 1vuv, [ Gf

B (a

P~

Famdcrwlhdy ceslepiinele o amp . L7 7RSO
o mmiion a8 QOO BT Tont Col
Q’. CDt -q)ei_q) i’ _..auxv‘;p- - .| e

-

(= o
5 B W | ...
S E—— |

L0 T jlor7812 2404468 niail Ydcentet@hevelsplar.com



_/_____\l"EVEL_ ; o HTLU TAT

SOLAR

[ 1 J G1SH dz tcq tcts Ozt azj
Msdzdz] ydz = B OISWBj52 g9 2008

300 239
250

200

GW

[m}

0]

&
S R
H
8

150
100 I I l
50 B .
o
o0 (@) ] O — d (ap] I Lo «© N~ [e0] (a)>] o i d
o () — = — — i — P i — — d d d
o o o o [ (] [a»] o O o o
B curcope B AMER APAC B cCchina | MEA




HEVEL o HTL TIT

SOLAR

4 BBOL&ZOY Bsh desfls! bkMmlsOdasoe dzj dzd
s dzozj UBZOE Ot j 2

1,400

1,200 1,177

269% [
1,000
21% /
800
= 229% /
G

600 I

200 — -
-_—
O
W O o = N9 ® < W O N~ o o ~
o o A i — — — — — — — — 8 ad &Y
o © o O O O O © o o e}
8 &§ § €@ &8 &8 @& & & & & & & « &
B Europe B AMER APAC B China B MEA

(source: Solar Power Europe 2022) 5



HEVEL
oL an T das Tyl C st def B @Y @G dzj dzde § o2 HTU TAT

Other RE; 5
Hydro; 15

‘I Solar; 117
Gas; 30

Coal; 18

Wind; 61

Source: Frankfurt School-UNEP Centre/BNEF (2020).
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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
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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
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(a) IBC cell (b) PERC cell

Front metal grid
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Cost comparison SP vs Cu Plating, bifacial cells

Ag paste 850 EUR/kg, wire 11 EUR/km, foil 0.64 EUR/m?2
0.08

Interconnection: Mat./consum./waste
0.07

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

B Metallization: Equipment depreciation (7a)
0.05
0.03
0.02
) l
0.00

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

g

EUR/Wp (module)

=

m
m
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Plating equipment : schematic concept

BeSi
Bifacial Plating (HJT Cells)
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N\
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CELL
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Cathode (Contact Belt)

Plating chemistry

Patent protected in China —Soluble Copper Anode
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Stabilized cell efficiency
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Cell: Product - cell efficiencies in mass production

Trend: leading cell efficiencies in production
= n-type leads in efficiency with SHJ and IBC

34%
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20%
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¥ Leading product Tandem

ABack contact celis n-type mono-Si

O Silicon heterojuncton (SHJ) celis n-type mono-Si
#Leading product (Topeon including w/ passivated contacts) n-type mono-Si

©Leading 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

p-mono PERC:

n-mono TOPCon:

SHJ:
Tandem:
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Nura Solar Power Plant. Republic of Kazakhstan

One of the largest solar power plants in the CIS

{ OL OB S d

Stand-alone diesel-solar power plant

Burzyansky Solar Power Plant. Republic of Bashkortostan
Russia’s largest solar power plant with industrial energy storage

et Solar+Diesel
Off-Grid

1l W 9 jedzOdzd L 59 OdEB0 fHetlsdr S stse ) BN j 2 EZMis Odst.5 pzj lszdats
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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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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

EBF.:Q g%ﬁ % 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

I 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

=2 w850

*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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