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Agenda
1. ISC Konstanz R&D and technology ramp-up 

2. c-Si PV tech
Market forecast (outside of China, in US)      
Highest efficient modules 
PV value chain 
a. Material (Si, ingot, wafer)        
b. Solar cells 
c. Modules 
d. Systems 
Statements in PV arena
Hot R&D topics in PV arena 
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70 ↗ 8 Mio€ ↗ 150 ↗ 24.6% ↗

Turnover 
2025

Transferred 
technology 

7GW ↗
(Lab: 24.8%) 



Technology transfer & Ramp-up service – track record
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• ISC Konstanz has 20 years of experience in development and industrialization of n-type cells concepts

• Successful process transfers into industry:
• 2015 @ MegaCell, 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)

• 2024 @ Asian customer, India → TOPCon (2GW process optimisation on Asian process equipment)

• Ongoing @ Asian customer, India → TOPCon (1.2GW process optimisation on European process equipment)

• Ongoing @ Suniva, US → PERC (1GW process optimisation on European process equipment)

• Ongoing @ Asian customer, India                   → TOPCon (500MW > 4GW process optimisation on European process equipment)
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Total production capacity and forecast
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Total cell production until 2027 and ISC´s projects

1000GW
25GW

115GW

65GW

TOPCon HJT BC
PERC TOPCon HJT BC

CdTe, PERC TOPCon HJT BC
import tariffs, (IRA)/BBB

import tariffs, PLI

HJT TOPCon BC
no import tariffs, (NZIA)

IP issues
Purity of Si
Fast ramp up
Easy production  

large subsidies
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Production landscape in NA
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Production landscape in NA



c-Si technology

08.09.2025 9RE+ / Taiyang News Conference 



08.09.2025 10

Highest efficiency modules in August 2025

3 x BC    24+%

HJT   23+%
TOPCon 23+%

PERC 21.5-22%
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Highest efficiency modules in April 2025

RE+ / Taiyang News Conference ISC Konstanz, June 2025   04.06.2025

TOPCon-like 2 (740+ mV)

TOPCon-n-IBC (740+ mV)

IBC (705 mV) TOPCon-like (720 mV)

n-type Si 

n+ diffused

nPERT FJ (685 mV)

nPERT RJ (705 mV)

3.2 nPERT solar cells

3.3 TOPCon* solar cells

3.3 TOPCon*-2 solar cells

3.5 IBC solar cells

3.5 TBC solar cells

p-type n-type

04.06.2025 ISC Konstanz, June 2025   

BC
TOPCon

HJT
tandem 28+%
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c-Si PV value chain
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Si material: from p-type to n-type   
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Poly-Si: Siemens, FBR and other (e.g. UMG-
Si/Highland) > electronic grade purity 
necessary (10N+) 

Ingot: Recharged Cz-Si, P, Sb (Tai Ray) 
doping, 2+ms (wafer) lifetime 

Wafer: M10/G12 families, 130µm thickness
direct wafer (NexWafe)

Siemens

Recharged Cz

M10
G12



TOPCon-like 2 (740+ mV)

TOPCon-n-IBC (740+ mV)

IBC (705 mV) TOPCon-like (738 mV)

PERC (690 mV)

26%

25%

24% 

23%

n-type Si 

n+ diffused

nPERT FJ (685 mV)

nPERT RJ (705 mV)

3.1 Al-BSF &PERC 
solar cells

3.2 nPERT solar cells

3.3 TOPCon* solar cells

3.3 TOPCon*-2 solar cells

3.5 IBC solar cells

3.5 TBC solar cells

3.4 SHJ solar cells

3.5 HBC solar cells

SHJ (740+ mV)

SHJ-IBC (740+ mV)

Improvements of surface passivation 

Efficiency

*TOPCon refers to cells with poly-Si/SiOx passivated contacts. 
The « tunnel » SiOx layer is represented by a yellow line. 

p-type n-type

3.5 TBC solar cells

TOPCon-p-IBC (720 mV)
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Crystalline silicon solar cell technology 
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TOPCon-like 2 (740+ mV)

TOPCon-n-IBC (740+ mV)

TOPCon-like (738 mV)

PERC (690 mV)

28%

27%

26%

25%

24% 

23%

22%

21% n+ diffused

nPERT FJ (685 mV)

p-type low cost
(2000-2017)

p-type bifacial
(2018-2023) 
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Crystalline silicon solar cell technology 

Al-BSF (680 mV)

n-type bifacial
(2024-2028) 

n-type XBC bifacial
(2029-2035) 

tandem IBC bifacial
(2036-2050) 
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PERC 23%+
BF: 0.65+

TOPCon 25%+
BF: 0.80+

HJT 25%+
BF: 0.90+

IBC 26%+
BF: 0.75+

Solar cell pictures of PERC, TOPCon, HJT and IBC
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PERC 22+%
BF: 0.7+

TOPCon 23+%
BF: 0.80+

HJT 23+%
BF: 0.90+

IBC 24+%
BF: 0.75+

Rear side module pictures of PERC, TOPCon, HJT and IBC
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Module technology: what is the trend?  

half cell, 1/3 cell technology 

bifacial BC
negative gap

large “floppy” modules 

steel frames 

led free (gluing instead of solder) 

smart modules 

from 3mm to 2mm glass 

0BB technology
Cu metallization

Laser processing



PV systems: applications  
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PV systems: applications  
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PV systems: bifacial applications and gains 
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R Kopecek; J Libal, Bifacial Photovoltaics 2021: Status, Opportunities and Challenges, Energies, 14, 2076, 2021 https://doi.org/10.3390/en14082076
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R Kopecek; J Libal, Towards large-scale deployment of bifacial photovoltaics Nature Energy 3 (6), 443-446, 2018

https://doi.org/10.3390/en14082076
https://scholar.google.com/citations?view_op=view_citation&hl=de&user=xK7MRvQAAAAJ&citation_for_view=xK7MRvQAAAAJ:HDshCWvjkbEC


Statements in PV arena 
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“Tandem will need much more time for large GW scale!” 

“LECO killed HJT!” “TOPCon with LPCVD, PECVD, PVD is similar.” 

“PV developed from low cost Si-material and Al-BSF to 
electronic grade material/wafers and selective processes.” 

“The last step to TBC as mainstream is the development of low 
cost effective insitu p-poly!” 

“For new cells Siemens and FBR material purity must be electronic grade.” 

“TaiRay is the future!” 

“Energy transition will be driven by c-Si tech with 
80TW total installations until 2050!” 

“Laser tech is 
the future.” 

“AI is the 
future.” 
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Hot R&D topics in PV arena 
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- Direct wafer
- Edge passivation 
- Additives for advanced chemistry 
- Cu metallization 
- Bifacial BC technology
- Tandem technology
- Shingling tech
- Conductive adhesives 
- Laser module production 
- c-Si space cells and modules  
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Thank you for 
listening 
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More information: www.isc-konstanz.de


