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Send them in via the Q&A tab. (3 We aim to
answer as many as we can today!

You can also let us know of any tech problems
there.

We'll let you know by email where to find it
and the slide deck, so you can re-watch it at
your convenience. §§) @



Commodity Insights
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Clean Energy Technology

TOPCon’s time to shine — Webinar 28.03.2023
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?//A:\\% IHS Markit" now a part of S&P GlObal

Addressing strategic challenges with
Interconnected areas of expertise

We provide the market insights so you can make
informed trading and business decisions. We’re
the leading independent provider of information
and benchmark prices for commodities and
energy markets.
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Platts | CERAWeek | Chemical Week

S&P Global
Commodity Insights

At S&P Global Commodity Insights, our complete view of global S&P Global Commodity Insights is a division of S&P Global (NYSE:
energy and commodity markets enables our customers to make SPGI). S&P Global is the world’s foremost provider of credit
decisions with conviction and create long-term, sustainable value. ratings, benchmarks, analytics and workflow solutions in the

global capital, commodity and automotive markets. With every
one of our offerings, we help many of the world’s leading
organizations navigate the economic landscape so they can plan
for tomorrow, today.

The Commodity Insights division plays a critical role
in creating value for the S&P Global brand

$1.7B 15K 60% 135K 6.5M 15K

Annual revenue Customers in 150+ Of the world’s crude oil  Renewable energy E&P data records for Daily Platts
countries, including trade estimated to be projects with detailed oil wells and fields price assessments
the 50 largest energy priced using the Platts information published
companies Dated Brent™ benchmark
S&P Global S&P Global Commodity Insights 3
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Global PV installation forecast

In 2022, annual PV market growth is estimated to have reached 43%

® Annual installations Growth rate
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Source: S&P Global Commodity Insights.
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Global PV installation forecast

In 2022, annual PV market growth is estimated to have reached 43%

® Annual installations Growth rate
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In 2023, global PV market is forecast to reach 360 GW

Strong demand also in Europe and the United States

Europe North America ® Asia Pacific = Europe W |atin America
80 Middle East ® North America Africa
70 +38%
S 60
e
»n 50
c
o
Eg 40
3 " 420 2023 - Total
2 Installations
20 360 GW
10
0 T T

2022 2023 2022 2023

Note: includes preliminary forecast data
Source: S&P Global Commodity Insights.
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Continued technology advances and cost improvements

Module production costs have fallen from 2010 to 2020 by more than 85%

mmm Production Cost Average efficiency
Conversion efficiency
1.6 22%

The persistent increase of efficiencies

1.4 21%

D plays a very important role to keep
= S growing the market share of the
g 12 20% > | renewable energy sector in the energy
E S mix.
& 1 19% .Q
= o
g “
S 0.8 18% g
q) —
S 06 17% o
S - Module Cost )
o ’ 0 =
= 04 16% | Technological innovation has taken place
0.2 ey & in a context of extreme price competition
' 0 among solar manufacturers, where
0 14% module production costs have fallen more
o
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 \than 80% in the past 10 years. Y,
Source: S&P Global Commodity Insights
S&P Global S&P Global Commodity Insights 10
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Falling system costs, increasing demand, and a global subsidy race lead to global
module manufacturing capacity reaching 760GW by 2026

Evolution of global PV module production capacity (GW) Share of installed global PV module capacity by region (2026)
® China (mainland) SEA mindia ®Europe ®NA Others ® China (mainland) SEA mindia ®Europe mNA Others
800

700
4

500

- 760 GW
global PV module
400 manufacturing
capacity
300 —
200 @ —
- l
0
2020 2021 2022 2023 2024 2025 2026
Source: S&P Global Commodity Insights
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Efficiency increase, working lifetime, and cost reduction are the three most
important factors for any PV technology to become mainstream

o Ingot& Cells Cell Module : Emerging
peletlican WWETETES technologies interconnections technologies MoatiEinatelials technologies
( ) 4 . N\ ( ) ( ) ( ) f \ ( )
Large size i . _
| High purity ing%t and | P-type PERC | l\gug'Bstgsr | Larger size A”t"PllD | | Perovskite
polysilicon || wafer mono Smartwire modules i encapsulants cells (PSC)
) i Wiz ‘ S ] ’ boE: TPO) \ )
4 ) " R f ) 4 R ; f )
Modified - g N Back contact Bifacial N ) Tandem
|  Siemens e Y -type — "% shinaled double glass, CSITF(PSC)
process Thinn wafer ] HJT; g B or ( White ) | CIGS/PSC
- o — <150 pum; TOPCon; IBC - - ttraan?(p?]rent | encapsulants CdTe/PSC
"Fluidised bed ) <120 pm . J . \ _ backsheet (bifacials) N J
reactor L ) § § Thinner and k J g .
process - ~ Bifacial | ﬁll;gglr?sr ( ) Quantum
. (FBR) Direct wafer: B (P‘ta”g N- . J High voltage | | Transparent B dots
. . molten 4 yp ) - _ ~ || backsheet L )
Gas-to-wafer: —  silicon-to- Silver (1500V and L )
—  kerfless (kw?lfer ) f ) reduction higher) ) X ( )
i erfless [ i} .
(Epitaxy) x J _| Half-cut cells (Copper L y Thinner glass — SiGe and lI/V
L ) L coated Cu) ) or steel) L )
\§ J
Source: S&P Global Commodity Insights
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Crystalline silicon mainstream modules and technology roadmap

25% -30%

220 -25% ‘

>
2
) .
o 18% -23% . Hybrid
5 c-Si + TF tandem
Q9 N-type (HJT and TOPCon)
3 B SIS . Back contact (IBG: HBC: MWT (PSC, CdTe, and other TF)
g ack contact (IBC; ’ ' Multijunction IlI-V; SiGe
E P-type PERC mono ABC; TBC) Emerging thin films
° PERC+ (bifacial)
P-type
Al-BSF

multi and mono
Roadmap
Mainstream 2000-18 2019-25 2026-30 “
Tech (c-Si)

Source: S&P Global Commodity Insights

S&P Global S&P Global Commodity Insights
Commodity Insights
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Crystalline cell technology classifications, and market expectations

Crystalline (cSi)
I

I

PERC
incl. shingled,

Al-BSF T g
back contact

Market demand
expectations in 2022-25

.

Market demand
expectations in 2026-30

®» @&
® @

-
k)

.

Source: S&P Global Commodity Insights
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Crystalline cell technologies—Benchmark and review of key parameters

Comparison of crystalline cell technology

PERC
(benchmark)

Level of difficulty [
Processing steps o0
Cost of investment ®
Compatlblllty with existing N/A
equipment
Bifaciality factor >75%
Efficiency record in 2022 25 4%

Key producers Most cell producers

Comments - Mainstream

- Limited potential to increase
efficiency

Note: LG Electronics has stopped solar panel manufacturing as of Q2 2022
Source: S&P Global Commodity Insights

S&P Global
Commodity Insights

N-PERT/PERL

Applicable to upgrade
>85%

25.5%

Jolywood, LG*

- Better performance on bifacial - Theoretic highest efficiency is

than PERC but worse cost
performance

- Limited improvement to
represent the next generation
of technology

N-TOPCon N-HJT
00 o0 00
00 o0
00 0 00
Applicable to upgrade No
>85% >95%
26.4% 26.6%

Jinko Solar, Jolywood, REC
Solar, LG*, LONGI, Trina, CSI

Meyer Burger, ENEL, Jinergy,
Tongwei, REC Solar, Risen

28.7%,Compatible with existing film technologies

PERC production lines - Compatible to combine with

the future technology,
Perovskite

- Lower efficiency and yield
than HJT on mass production,
compatibility limitations with

future technologies - Equipment is still expensive

- A hybrid of crystalline and thin

N-IBC

No
>70%

26.7%

Maxeon (SunPower),
Futurasun, SPIC, Aico

- Highest efficiency in mass
production

- Most difficult technology of
the five

- Most expensive of the five

16



Previous cell technology transitions occurred in only a few years

Technology shift from P-BSF multi to P-PERC Mono Technology shift from P-PERC Mono to N-TOPCon
PERC capacity increased strongly N-TOPCon capacity expanding
—Both upgrades from BSF and new lines - Both new lines and upgrades from PERC

P-BSF (multi) = P-PERC (mono) “ P-PERC (mono) = N-TOPCon (upgrades) = N-TOPCon (new lines)

/\/‘\

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 @ @ 2027 2028

Source: S&P Global Commodity Insights

S&P Global S&P Global Commodity Insights 17
Commodity Insights



TOPCon cell capacity aggressively expands from 2022, achieving 74% of total
n-type cell capacities

PV cell capacity by technology in 2023

Total: 650 GW
TOPCon
21%
P-Type PERC N-Type
HJT
5%
IBC/ABC
%
P-Type BSF Other N-type (PERT/PERL)
1% 0.3%
Source: S&P Global Commodity Insights
S&P Global 18
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TOPCon will be soon ready to become a mainstream technology, with most of the
leading P-type producers upgrading their PERC lines

TOPCon is a very fast emerging technology that offers a relatively
easy and low-cost option to upgrade the existing PERC lines

* Almost zero LID and LeTID
* PID resistant
* Low degradation
CI’yStalllne 0_4%/year
silicon « Low temp coefficient
-0.29%/°C
* Performance warranties
>30 year

o

v

Al-
BSF

[ HJIT

c

o] [

The concept consists in adding a thin tunnelling silicon dioxide and a doped
polysilicon layer between the silicon substrate and the rear metal contact, which
prevents electrons from recombining, thus reducing internal losses and further
increasing efficiency.

Source: S&P Global Commodity Insights

S&P Global
Commodity Insights

« Similar properties and efficiencies such HJT, but with a
lower equipment investment cost

» Easy to upgrade from existing PERC lines by adding two
to three manufacturing tools

« Costs are starting to decline given technology
advancements and increase in manufacturing scale

» Optimization of deposition tolls and technologies would
allow increased throughput

» Optimizations and improvement of metallization
techniques would allow the reduction of silver
requirements

« Equipment cost is higher than for standard PERC

 Technical difficulties of the complex multistage process,
which may result in low production yields and higher labor
cost

* Cell metallization requires 50% more silver than PERC

S&P Global Commodity Insights

Drivers and outlook

19



Key takeaways

Market demand for higher efficiency PV products keeps increasing, despite the
higher manufacturing costs of high-efficiency modules.

The high-cost environment in the last two years has accelerated the
transition to N-type

|

‘ Cell technology switch to N-type technologies will be quick

[

@ Manufacturers are betting for different next generation cell technologies

/

TOPCon is emerging as the leader in new capacity additions to 2025

/

Source: S&P Global Commodity Insights.

S&P Global
Commodity Insights

Thank You for your attention!

Karl Melkonyan

Senior Research Analyst — Clean Energy
Technology

karl.melkonyan@spglobal.com

All data and insight from:
S&P Global Commodity Insights
Global Clean Energy Technology service
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TOPCon Technology: |
Going Mainstream |

I\/IohammedSlaad\ﬂK(weiI
Head of Technical Services - MENA
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TOPCon Technology Background

Majority Resistance—— J,
carrier pass loss

Texturing

_

Wrap-around Poly
Cleaning

Passivation

Boron
Diffusion

——
E

Minority Carrier P. _ _
carrier restrain recombination > Requires more control during

dep05|t|on pProcess. | % > . A

> Reduces the cell efficiency N7 7

. . Removal %
n-Silicon substrate = ‘ ! S S S K

Tunneling layer Passivation & .

n+ Paly 7 . 2

5INx AR Coating Metall vation S S

SINx AR Coating

Passivation » Increases the production costs and
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How To Become A Mainstream PV Technology?

» More than 10 major PV suppliers announced TOPCon capacity in
2023/2024 and most of the new expansions are based on TOPCon.

» The total TOPCon capacity in 2023 is 150GW compared to 72GW in
2022.

“/p\& Performance Improvement I‘{%} Cost Effective

Reliable

r

Polycrystalline

~

2016/2017
é )
Mono-PERC Monocrystalline
2023/2024 Poly-PERC
\ J
é )
PERT
TOPCon HIT
IBC
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TOPCon Field Study

* Location
Thuwal, Saudi Arabia

l ¥* Climate type:
Tropical desert chmate

¥ Climate features:
High termperature, high irradiance

¥ Longitude & latitude:
22°18'N; 39°06'E

¥* Monitoring period:
2022/6/01~2022/9/30

¥ Modules compared:
JKMB50N - TZ2HL4-BDV
PXX-645DEG YO0

Tiger Nep 72 SO 1
Dual glass

Etfﬁﬁ're I‘E'm saudi 75° é ! TUV Rheinland
XXX 210-66 ( )

Dual glass basW 1



TOPCon Field Study

Energy Yield/

Power gain/%
kWh/kWp

TUV Rheinland Saudi

MM LY A."t'~"' '(‘(10'!![“-!

IB2NBLDYV s 2100 BV e

Irradiance ——power gain



TOPCon Field Study

Energy yield Energy Gain Contributors

6.00%

5.00%

Low Light Performance
4.00% Gain

B Annual Degradation
Improvement

3.00% M Bifacial Factor Gain

Temperature
Coefficient Gain

LD

2.00%

1.00%

0.50%
0.00%

210-66P 182-72N TOPCON VS PERC




Technical Potentials of TOPCon

TOPCon has the biggest theoretical cell efficiency limit

= PERC = HIT m TOPCon

compared to HIT & PERC.

28.70%
28.50%

. | a-Si:H(i)/a- Thermal/PECVD | ThermalLpcvp | ChemicalLPCV
Electron selective P-diffused n+ Si:H(n) SiOy/poly-Si(n+) SiOy/poly-Si(n+) D
' il e SiOu/poly-Si(n+)
Joe Pee Joe Pee Joe Pee Joe Pee Joe Pee
Hole selective
109 0.26 2 0.017 5 0.016 27 | 0.0013 10 0.0001
W' SN e — PR mmm e e S e S Smy S N s e m e e G
Jon 550 | 117 | 565% | 129 | 346% | 128 | 234% | 129 | 8.5% 13.0 1.2%
Al-doped p+ I I
Pen 0005 ¥ 35% QI 245 2% 27.0 1.2% 26.9 1.2% pH{ 27.1 1.2% 27.1
a-Si:H(i - Jox 2 119 | 436% § 140 | 244% g 140 | 149% | 146 || 55% 14.6 0.8%
St:H(p) peh 0055 || 97.9% | 249 | 43.9% 276% | 286 | 262%]| 289 | 260% | 289 24.50%
Chemical PECVD | 7o 16 119 | 46.7% 1 14.0 138 | 155% | 142 }| 5.7% 14.2 0.8%
S poly-Supt) Pen 0.008 [ 21.4% 6.1% | 284 | s58% || 287 | 57% g 287

PERC p-TOPCon  HJT n-TOPCon

Source: Surface passivation of crystalline silicon solar cells: Present and future,
Jan Schmidta, Robby Peibst, Rolf Brendela,2019, PV silicon Conference




Technical Potentials of TOPCon

. '26.4%
The 22t Time World Record -

: : @
Achieved by JinkoSolar I

26.1% 23.86% 172
e Q) TOPCon R&D Race
The highest conversion efficiency of wpomce @
25.4% e
182N-type TOPCon Cell reaches

N-Type Mono Cell
25.25% °
2 6 4 o/ N-Type Mono Module
- o N-Type Mono Cell ° 23.53%
24.9% e
N-Type Mono Cell °
24.79%

° N-Type Mono Module
N-Type Mono Cell 23.01%
24.58% Q

-Type Mono Ce N-Type Mono
3% @ ° e e
N-Type Mono Cell P-Type Mono Cell
Mono PERC Cell P-ng,,\;?%,ce” 246% @ 20,627 69
N-Type Poly Cell Mono PERC Cell - 53 4 g0z 158 Size Mono
22.12% 22.78% @ e e Module-72 Cell
469.3W
© O o e
Module-60 Cell 373.8W
378.6W 43
34 34
Jinko Solar broke the cell efficiency world : 12 14 10
— 1 ,—\
o ° .
record 5 tlmes In the IaSt 24 months Supplier 3 Supplier 2 Supplier 1 Jinko

O Total Olssued patents [ International patents




Technical Potentials of TOPCon

Power and free energy losses (mW/cmz)

N N N
N & ) O N o2 N
Y 3 3] 3] o) ) ~l

Generated power

p+ contact recombination

p+ hole transport

p+ non-contact recombination
Front contact resistance

Bulk recombination - intrinsic
Bulk carrier transport

Bulk recombination - others

n+ poly-Si non-contact recombination
n+ poly-Si contact recombination
n+ poly-Si electron transport
Rear contact resistance

Metal grid resistance

Cell efficiency
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PolySi Optimization

Passive Film Optimization

Hydrogen Passivation

Selective Emitter SE

Front metal

SE cell reduces the
contact resistance
between electrode
and silicon wafer by
doping high
concentration of
phosphorus in the
contact area
between busbar and
silicon wafer.

Boron emitter
Selective emitter

8=
n-type ¥o f—
typ N

Rear metal




Technical Potentials of TOPCon

2022 2023 2024 2025 2026 Expected
25~25.2% 25.5~25.8% 26.2-26.5% 26.8~27.0% Max Eff. >32.0%

PERC TOPCon TOPCon+ TOPCon TOPCon TOPCon
P-type Cell  N-type Cell ~ Selective Emitters  Full Passivated  Full Passivated ~ Tandem Cell ’

1.0 2.0

Lty coped
i fiow came
0 ) /"\/\/\/"\

. 55 A
LR n regmn Ntypebase p,coin pt region Passivation
p+ regmn n+ ngIBI'I /
- - - -
nHEREHE . ' . '
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TOPCon Cost Reductions

» The price of TOPCon has reduced significantly
in the last two years and it became very
competitive.

» According to PV Infolink projection, the price
of TOPCon cells will continue to drop and it
may reach PERC levels in the near future.

» The price of improving PERC production line
into TOPCon is about $7Mil/GW, and the price
for new TOPCon production line is $27Mil/GW,
while the price of new HIT production line is
around $63Mil/GW.

[P¥] InfoLink

» Due to small price gap between PERC and
TOPCon, TOPCon offers better LCOE by around
5%, and because of this many projects in MENA
switched to TOPCon modules.

S oN o 8 o _,’j_ \,‘;);; A A Y
SO LN S :
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TOPCon Cost Reductions
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TOPCon Reliability

Tiger Neo Tiger Pro
Bifacial Dual Glass 72 cells Bifacial Dual Glass 72 cells
N-Type TOPCon P-Type PERC

Same BOM
~ - e e - e e
Same Dimensions
e e e e e e e
Same Cell Size
~ e ~ ~ ~ ~ ~

Different Cell Technology

~ / / / / / e




TOPCon Reliability
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1.75%

TC400 DH2000 LeTID 192h PID 192h D&S LC2
B PERC m TOPCon
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The latest news

0312023 78538

PV magazine

somoine German manufacturer achieves 80% overall
' efficiency with new PVT solar module

by Sandra Enkhardt

Green Akku introduces balcony solar
modules with storage
by Sandra Enkhardt




Coming up

Thursday, 30 March 2023
10:00 am — 11:00 am CEST, Berlin, Paris, Madrid
1:00 pm —2:00 pm IST, New Delhi

The power behind
Pakistan’s “under
the radar”
gigawatt-scale
market

Thursday, 6 April 2023

11:00 am —12:00 pm CEST, Berlin, Paris, Madrid

5:00 pm —6:00 pm CST, Beijing

Transparent
advantage — Why
transparent
backsheet bifacial
modules can beat
out the cumbersome
competition

pv magazine

Many more to come!

In the next weeks, we will continuously
add further webinars with innovative
partners and the latest topics.

Check out our pv magazine Webinar
program at:

WWW.pv-magazine.com/webinars

Registration, downloads
& recordings are also be
found there.
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Thank you for
joining today!
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