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Milestones from 1954 over 2026 to 2050
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By 2050 70-80% of global energy demand will be powered by PV
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Agenda

1. 1SC2.0 technology, transfer
2. GLOBAL PV MARKET CELL TECHNOLOGY

3. German Turnkey Alliance partners, advantages

4. ISC Workshops and Summary
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1.1SC2.0
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ISC Konstanz: 20 years

Radovan Kopecek « You oeo
Co-founder and director of ISC Konstanz International Solar
1w » Edited « ® O Energy Research
Happy Birthday ISC Konstanz!!! @ & Center, Konstanz b 1 0 0

We are of age!!! Sweet 18. Founded on 12. 12. 2005 in Konstanz, we have made it
our mission to support PV cell and module producing companies in improving their
technology towards high efficiency, bifaciality and n-type. https://Inkd.in/eChS2Zzp

Let's go!!! £33

17 Founding Members: Eckard Wefringhaus @, Ernst Bucher @, Angela
Schellinger @, Helge Haverkamp, Roman Petres, Joris Libal, Pedro Diaz, Bernhard
Herzog, Bernd Rabe, Andreas Krenzel, Thomas Buck. Fath Peter, Dr. Kristian Peter,
Jayaprasad A, Stephan Eisert, Annette Helfricht, Radovan Kopecek

Main advantages

- elimination of bow

- improved rear side passivation
- less paste used

- increased power output

- applicable for p and n-type Si

- simplified module interconnection

ISC Advisory Board Meeting, 1st December 2006 R. Kopecek et al.

c.o Pirmin Preis and 215 others 42 comments - 4 reposts
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Employees at
ISC Konstanz

75

research
for a sunny future

Turnover Educated Achieved solar Transferred
2025 scientists cell efficiency* technology
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Technology Transfer, Ramp-up,

Line Optimisation and R&D support
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ISC Cell and Module Process Integration Expert
Pool

Process Integrator

| 1 \ / | \X {

Pirmin Preis Dr. Jan HoR Jan Lossen Dr.Joris Libal Lejo Joseph

Wet Chemistry

4 - I
Dr. Florian Dr. Tom Rafael Melike Apoorva

Buchholz Kollek Marczak Eren Gattu

Thermal & PECVD Metallisation & Characterisation

2 I : '\' ‘ v
3 L ) I | . 1 a
Dr. Valentin Dr. Jonathan Dr. Lazhar Dr. Vaibhav Dr. Saman Tanju Eren Stephan David Christoph Mertcan Sebastian Dominik Justus

Mihailetchi Linke Rachdi Kurugati Sharbaf Eisert Baurle Peter Comak Veerman Rudolph Carsten

Modules

4
‘ i [ a \ ¢ ‘ . ‘ I
Dr. Gerhard Ignacia Raphael Tobias Dr. Tudor Dr. Daniel Karl Prof. Dr. Andreas
Mathiak Devoto Shanmugam Messmer Timofte Tune Wienands Schneider
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Technology transfer & Ramp-up service — track record

e |SC Konstanz has 20 years of experience in development and industrialization of n-type cells concepts

e Successful Process transfers and Integration into industry:
. 2008-2015@Sunways, @Qcells, @SolarWorld, @BOSCH Solar

. 2015 @ MegacCell, Italy -> BiSoN (40MW nPERT technology successfully transferred)

. 2017 @ Adani, India -> BiSoN (80MW nPERT technology successfully transferred)

. 2018 @ undisclosed Asian customer - BiSoN converted to !!TOPCon!!

. 2020 @ SPIC, China -> ZEBRA (200MW IBC technology transferred and in mass production )

. 2021 @ Valoe Solar, Lithuania - ZEBRA (60MW IBC technology, ramp-up service)

. 2023 @ Asian customer, India - PERC (2GW process optimisation on Asian process equipment)

. 2024 @ Asian customer, India - PERC (450MW process optimisation on European process equipment) !

B 2024 @ Asian customer, India -> TOPCon (2GW process optimisation on Asian process equipment) _‘v;" \i:%h“ 1‘“ < , " &
. 2025 @ Asian customer, India -> TOPCon (2.9GW process optimisation on European process equipment) : l l ‘ |
. 2025 @ Asian customer, India -> TOPCon (500MW process optimisation on European process equipment) :
. 2025 - Present@ Suniva, USA - PERC (1GW process optimisation on European process equipment)

. Ongoing @ ISC Konstanz - R&D Pilot line (European equipment)

Module Process

. 2024 @ TATA, India -> PERC Module line audit for process optimisation

. 2025 @ European customer, Lithuania -> IBC Module process optimisation

. 2025 @ Heliene, USA -> PERC Module process audit for optimisation

. 2026 @ SolX, USA - PERC Module process audit and training
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Technology transfer & Ramp-up service — track record

e |SC Konstanz has 20 years of experience in development and industrialization of n-type cells concepts
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2024 @ TATA, India
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2025 @ Heliene, USA
2026 @ SolX, USA
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- BiSoN (40MW nPERT technology successfully transferred)

-> BiSoN (80MW nPERT technology successfully transferred)

- BiSoN converted to !!'TOPCon!!

- ZEBRA (200MW IBC technology transferred and in mass production )

- ZEBRA (60MW IBC technology, ramp-up service)

- PERC (2GW process optimisation on Asian process equipment)

- PERC (450MW process optimisation on European process equipment)
- TOPCon (2GW process optimisation on Asian process equipment)

- TOPCon (2.9GW process optimisation on European process equipment)
- TOPCon (500MW process optimisation on European process equipment)
- PERC (1GW process optimisation on European process equipment)

- R&D Pilot line (European equipment)

- PERC Module line audit for process optimisation
- IBC Module process optimisation

- PERC Module process audit for optimisation

- PERC Module process audit and training
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INDIA'S TOP
SOLAR CELL MANUFACTURERS 20

*RANKED BY AVERAGE CELL EFFICIENCY

MAIN

TECHNOLOGY
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ISC Konstanz's technology for GW PV production
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* First Solar
TanDEM 3.0 Oxford PV
27+ % TOTAL/IPVF
=2/3 / 4 terminal tandem DEWA

= (CdTe or Perovskite top cell ZSW/ipv/HZB
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ISC Konstanz's technology for GW PV production
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ISC 2.0 >> Start September 2026
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ISC2.0 >> M10/G12/G12R Automation

\ 0|
:
A g
R > # : r' \
4 “:

L 3 |

‘ |
< :

@ 14.10.2026 R. Kopecek, Quo vadis PV cell technology ? 14




2. Global PV market tech: status and
outlook
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Total cell production until 2028
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Total cell production until 2028 and ISC’s projects
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Share in production until 2028 and beyond

International Technology
Basdrmen o Prol ot

» ITRPVY
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SPGI2025
PERC cells

® TOPCon double sided contact cells
@ silicon heterojunction (SHJ) double sided contact cells

@ TOPCon-based back contact cells (TBC)
SHJ-based back contact cells (HBC)

2030
© Crystalline silicon-based tandem cells
® Other cell technology

® xBC

2036

1) S&P Global data for 2025 are indicated as reference
2) xBC from S&P Global data includes HBC and TBC

[1] ITRPV, 17t edition, June 2026
[2] Clean Energy Reviews, “Most Efficient Residential Solar Panels 2025,” Feb. 2026
[3] LONGi, “28.29% HIBC solar cell efficiency record,” Sept. 24, 2026

@ 14.10.2026

1 * REVIEWS

O inexey [2] Most Efficient Residential Solar Panels 2026 *

V6 Feb 2026

Manufacturer

Model

Power Rating

Cell Technology

Efficiency

.Jin!(b

% SUNTECH

®
Trinasolar

a% WINAICD

maXxeon

Ultra BC

Vertex S+

WST-485BDX54-B2

Tiger NEO Il

430W

475W

485W

N-Type TOPcon

N-Type BC
(Back-contact)

N-Type TOPCon

N-Type BC
(Back-contact)

AlKO ¥ Neostar 3P54 500W {B':::gzrﬁgi) 25.0%
RECOM Black Tiger Series 495W (B:c_l‘gen?;ct) 248 %
LONGI Solar |Hi-MOX10 Explorer| 495w H:l;;‘f;at': pe2 243 %
Maxeon 7 445W N-Type IBC 24.1%

Back-contact

24.0 %

23.8%

R. Kopecek, Quo vadis PV cell technology ?

Group Cell Eta
details (%)
LONGI n-type HTBC 28.29% [3]
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Share in production until 2028 and beyond

O inexey [2] Most Efficient Residential Solar Panels 2026 *
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® TOPCon-based back contact cells (TBC) 1) S&P Global data for 2025 are indicated as reference roup d tel (ya
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[2] Clean Energy Reviews, “Most Efficient Residential Solar Panels 2025,” Feb. 2026
[3] LONGi, “28.29% HIBC solar cell efficiency record,” Sept. 24, 2026
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Total cell production until 2028 and ISC’s projects
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TOPCon upgrades

Al 25-25.5%
* TOPCon upgrades

* Polyfingers

Adding one laser step and one ALD
passivation step

0.1 -0.2 % efficiency gain
Higher bifaciality

Ag AlOx / SiN

()
@ 14.10.2026 R. Kopecek, Quo vadis PV cell technology ? 21



TOPCon upgrades

 TOPCon upgrades

Deposited Al,O,
Cut surface

P (@) | Yfi n ge 'S Wraparound

Edge passivation

Additional ALD deposition after cell cutting
(half, third, quarter)

Passivating the cut edge

3 — 6 W gain in module power

W.Li et al.:Preparation of Al,O; thin films by RS-ALD and edge passivation application for TOPCon
half solar cells

@ 14.10.2026 R. Kopecek, Quo vadis PV cell technology ?
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TOPCon upgrades

* TOPCon upgrades
* Polyfingers
* Edge passivation
* Laser assisted edge isolation

Adding one laser tool to locally remove
junction on the front side early in TOPCon
process

No laser cut through the junction \
Blocks carrier transport to the cut edge ﬂ ﬂ
3 W gain in module power

DR Laser: Leading-edge Laser Technologies Empower the Performance of c-Si Solar Cells

()
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TOPCon upgrades

. s

* TOPCon upgrades —_—
. — P-emitter

* Polyfingers )

* Edge passivation sio,
N-Poly
* Laser assisted edge isolation L N

* Potentially selective front side diffusion
Localized front side junction

Adding one laser and one additional
texturing step

0.1 - 0.2 % efficiency gain

UV stability of non diffused surface has to be
kept in mind

So far only in piloting phase

DR Laser: Leading-edge Laser Technologies Empower the Performance of c-Si Solar Cells
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TOPCon upgrades

* TOPCon upgrades
* Polyfingers
* Edge passivation
* Laser assisted edge isolation
* Potentially selective front side diffusion

* Metallization optimization
Low cost metallization based on Cu or Al

Zero Busbar

Triangle shaped front contact Regulus8100 5.0kV 8.9mm x5.00k SE(UL)

M. Xiajie (Tongwei): Industrial TOPCon Solar Cell with super sheet resistance, Silicon PV 2026, Ankara

()
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US market

* What impacts technology selection in
the US

* Industrial policies

Manufacturing economics

Supply chain

IP and freedom to operate

Time to market

@ 14.10.2026

MANUFACTURING
ECONOMICS
Capital, construction,
labor

0
M|

-

\‘, 4

S

IP & FREEDOM
TO OPERATE
Intellectual property,
patents, risk of
litigation

~

INDUSTRIAL
POLICY
IRA, Section 45X tax credits,
domestic content bonus,
tariffs, AD/CVD measures,
Uyghur forced labour
prevention act

PN

R. Kopecek, Quo vadis PV cell technology ?

TECHNOLOGY
SELECTION

/ ) ] | \.I

[l
T
\____4

SUPPLY CHAIN

Tariffs, FEOC
regulations

e
{

TIME TO MARKET

Speed of ramp-up,
permits, grid
interconnection,
market windows |

n
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US market

. : Projected U.S. Solar Cell Manufacturing Capacity
* No converging into one single technology by Technology (End of 2027)

* Further TOPCon additions in the US may ey
depend on evolution of TOPCon IP landscape PERC
@ 11.8 GW (42.9%)

* Independently of the technology further

o _ A 11.8 GW 7.9 GW e i
addition will depend on availability of mature (42.9%) (28.7%) iy o oy
manufacturing equipment and process know- AL e £ P
how (EU) @ @ @ 7.9 GW (28.7%)

® Talon 4.8 GW

1 ® T1Energy 2.1 GW

* BC could become an attractive U.S. 7.8 GW b e

technology pathway: (28.4%) -
HJT ==

«  premium efficiency (REW RGN

. . ® Canadian Solar 6.3 GW

* evolutionary upgrade from TOPCon manufacturing * TOYO 156W
* potentially reducing exposure to the current ‘- Share by Technology
‘v Total Projected U.S. @® PERC 42.9%
TOPCon IP landscape Solar Cell éa:acity 27‘5 GW ® TOPCon  28.7%
GW / year ® HJT 28.4%
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US market

* % % % %
* % % %
* % o o %
* % o
* % A % A
* % %
* % % % %
* % %
* % % %
* % % %
* % % % 4

* The elephant in the room: TESLA

100 GW vertical integrated
manufacturing ambition

Technology: TOPCon
Uncertainty of manufacturing equipment

This technology decision may
significantly influence the future
direction of the US PV industry

TECHNOLOGY & PRODUCTS

Tesla advances plan to build 100 GW of U.S.
PV manufacturing capacity by 2028

Job advertisements on Tesla’s website outline the 100 GW ambition and follow reports the
company is in talks with Chinese firms for the purchase of $2.9 billion worth of equipment for

solar manufacturing.

e By Patrick Jowett | Mar 252026

https://pv-magazine-usa.com/2026/03/25/tesla-advances-plan-to-build-100-gw-of-u-s-pv-
manufacturing-capacity-by-2028/

China weighs curbs on exports of solar
manufacturing equipment to US

By Reuters o
R [Aa] <)

April 15, 2026 9:50 AM GMT+2 - Updated April 15, 2026

https://www.reuters.com/legal/litigation/china-weighs-curbs-exports-solar-manufacturing-
equipment-us-2026-04-15/
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German Turnkey Alliance
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PVCellTech2026: yesterday’s panel
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PVCellTech2026: yesterday’s panel

o OKA @ PV CallTech Confurence Piaall =7

AN g™ swwn
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Join at
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#CTU26
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[d PRODUCTION LINE DESIGN

centrotherm

Thermal processes
= Diffusion
= Tunnel-Oxide
+Poly + anneal
= SiNx
RiEIN
Wet chemical processes
= Texture
= Edge-isolation
*  Wrap around etch

kontron BatchTex | Texturing
halm' o Kontron AIS GmbH
: A
ISRA
GPsolar
Back-eiid .. J— | E.DIFFX) | Boron diffusion
Working with different partners fl ? > INN Omfi\é ‘ I «
X/ | >0 '\' -~ InEtchSide | Glass etching
: s »
% B ﬁnni < ’ .
f <P BatchEtch | Emitter
- ML . .
l'lit*{*//}» etching / cleaning
[4.PLASMAG" | Front / rear passivation llti";/,/;}\\
W
‘!‘ib//\l
W] <

* |ntegration BatchPolyClean | \‘:’>)\
Poly etching / cleanin o=
* Ramp-up & ¥ g g 1 /A
stabilization

= Optimization

3 TOPCon Turnkey Solution

[4.PLASMAC™

14.10.2026

CVD TOPCon layer
deposition + anneal

centrotherm




[d COST OF OWNERSHIP

centrotherm
= New PECVD platform

= - 50 % lower gas consumption

= - 35 % lower footprint

low maintenance

TOPCon Turnkey Solution

RIEN|A|, 23

= Up to 50% lower CoO = TOPCon process optimization

= Low opex < profit optimization = Ag reduction
by Cu screen printing

= TOPCon to BC / tandem concepts

= Key drive O3-clean

Cross section of screen-printed Cu-finger

14.10.2026 centrotherm



el Novel Multitrack Matrix-based Screen Printing
Sl Solution for Metallization

Key Advantage: 1 Tool for 1.2 GW Throughput

R Reduced
Number of Operators
N Up to -40%
p
(E: Reduced
-~ Downtime for Screen Exchanges
N Up to -75%
p
@ Reduced
Operating Power
N Up to -20%
. 4
(T:: Higher r 7 Reduced
-" Cell-Level Cycle Time, Wider Process Windo - - Footprint
Up to +87% N Up to -30%




[d SUMMARY

centrotherm / RENA / ISC offer complete solution for PERC,
TOPCon & BC

* Focus on superior cost of ownership

§ [
= On-site support through fully localized teams N “‘ii;;i\%(\,\//\‘
B . Ii(,{
35, : ; . -
= Training of personnel (also possible prior ramp up at ISC) o \ \\‘
£ ipe iy - .
= R&D support for future upgrades il Y ,./.\ %
: * P/\ W l.."i;l,.i\",/;;}
= Long term partnership with support of federal and local Governments !iiii'i;:,;-\~\ W wi{ *
l."»:;b;’/// \,ﬁ <
W v

LET US BUILD THE RENEWABLE FUTURE TOGETHER!

8 TOPCon Turnkey Solution 14.10.2026 centrotherm
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4. Upcoming workshops from ISC Konstanz
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Upcoming “ISC events” in 2026

Bring

NOVEMBER 16-18:
FULL CONFERENCE EDUCATION LAS VEGAS, NV

NOVEMBER 17-19: SAVE THE DATE
EXHIBITS & SHOW FLOOR ovonrr ( SEV A gt

DEC NOV OCT

. © 8-10 December 2026 !l:g g:‘ BC SUMMIT | @ | /\||,(Qil

2 Berlin, German
y > www.globalbcsummit.com/
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MIW 2027 — Call for Abstracts

Metallization & Interconnection

WORKSHOP

14th edition of the Metallization and Interconnection Workshop (MIW) will take place on 9-10 March 2027 in Konstanz

Fields of special interest are:
Metallization fundamentals: insights, limits, understanding, modelling
Progress and understanding of screen and stencil printing
Advanced Metallization and Interconnection Techniques
Interconnection: Performance and Reliability

Zero busbar interconnection (OBB) and shingling technology

Low temperature metallization and interconnection for Si-Pk tandem solar cells
Deadline for abstract submission is October 23

All infos on https://miworkshop.info/
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* Global technology leader

* TOPCon established as standard, clear shift towards BC
* Technology selection is driven by cost-performance

e Rapid TOPCon expansion

* Technology roadmap follows China

 Likely transition to BC after TOPcon matured

* No clear technology convergence

* Regional drivers outweigh pure cost considerations

e First GW-scale manufacturing investments may shape future technology adoption

Technology adoption is increasingly determined by regional manufacturing
ecosystems rather than technology performance alone
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Radovan.Kopecek@isc-konstanz.de

More information: www.isc-konstanz.de

iﬁ!!!l
research

fora sunny future

We look forward to

our cooperation

Thank you




	Slide 1
	Slide 2: Milestones from 1954 over 2026 to 2050  
	Slide 3: Agenda
	Slide 4
	Slide 5: ISC Konstanz: 20 years 
	Slide 6
	Slide 7
	Slide 8: ISC Cell and Module Process Integration Expert Pool
	Slide 9: Technology transfer & Ramp-up service – track record
	Slide 10: Technology transfer & Ramp-up service – track record
	Slide 11: ISC Konstanz´s technology for GW PV production
	Slide 12: ISC Konstanz´s technology for GW PV production
	Slide 13: ISC 2.0    >> Start September 2026
	Slide 14: ISC 2.0     >>      M10/G12/G12R   Automation    
	Slide 15
	Slide 16: Total cell production until 2028
	Slide 17: Total cell production until 2028 and ISC´s projects
	Slide 18: Share in production until 2028 and beyond
	Slide 19: Share in production until 2028 and beyond
	Slide 20: Total cell production until 2028 and ISC´s projects
	Slide 21: TOPCon upgrades
	Slide 22: TOPCon upgrades
	Slide 23: TOPCon upgrades
	Slide 24: TOPCon upgrades
	Slide 25: TOPCon upgrades
	Slide 26: US market
	Slide 27: US market
	Slide 28: US market
	Slide 29
	Slide 30: PVCellTech2026: yesterday´s panel 
	Slide 31: PVCellTech2026: yesterday´s panel 
	Slide 32: PRODUCTION LINE DESIGN
	Slide 33: COST OF OWNERSHIP
	Slide 34: Novel Multitrack Matrix-based Screen Printing Solution for Metallization
	Slide 35: SUMMARY
	Slide 36
	Slide 37: Upcoming “ISC events” in 2026
	Slide 38: MIW 2027 – Call for Abstracts
	Slide 39: Summary
	Slide 40

