
Current trends in cell and module technology
Dr. Florian Buchholz, Andreas Halm, Dr. Radovan Kopecek, Dr. Kristian 

Peter, Lejo Joseph, Tobias Messmer, Dr. Tudor Timofte, Dr. Joris Libal, Dr.
Valentin Mihailetchi et al. 

International Solar Energy Research Center Konstanz e.V.



Agenda

Current trends in cell and module technology

1. Status PV deployment

2. cell and module technology

3. Technology trends module

4. Summary 



1. Status PV deployment
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Yearly new installed capacity by Bloomberg 
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PV 2023 / 400+GW

PV 2024 / 550+GW

PV 2025 / 700+GW

PV 2027 / 1000+GW
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LCOE calculations by Nijsse

Nijsse, F.J.M.M., Mercure, JF., Ameli, N. et al. The momentum of the solar energy 

transition. Nat Commun. 14, 6542 (2023). https://doi.org/10.1038/s41467-023-41971-7

PV WITH storage will be the cheapest 
energy globally 

• c-Si is still on a steep learning curve

• Average module efficiency: 22.5% 

• With BC tech we reach average of 
25.5% in 5-6 years from now   

• 1TW PV annually will be installed
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LCOE calculations by Nijsse

Nijsse, F.J.M.M., Mercure, JF., Ameli, N. et al. The momentum of the solar energy 
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PV WITH storage will be the cheapest 
energy globally 

• c-Si is still on a steep learning curve

• Average module efficiency: 22.5% 

• With BC tech we reach average of 
25.5% in 5-6 years from now   

• 1TW PV annually will be installed

• Bifacial BC tech will be the winner   
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Total production until 2027

1000GW

100GW

10GW
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2. Cell and module technology
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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



Gapless stringing for IBC to maximize active module area
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• Small cell to cell overlap during stringing (0.5 to 1mm)

• Shadowing of cut edge reduces edge cutting losses

• No ribbon visible in cell gap

• Maximized active area

• Fully IEC 61215 certified product available from SPIC solar, Aiko



R&D approach for maximized module area
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Zebra module with maximized active area

gapless module layup

22.4% efficiency
on aperture area



Highest efficiency modules in April 2025

3 x BC    24+%
HJT   23+%
TOPCon 23+%

PERC 21.5-22%
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ITRPV cell technology forecast
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https://www.vdma.org/international-
technology-roadmap-photovoltaic

Back contact ~ 35 %

TopCon ~ 43 %

HJT + Tandem ~ 22 %

PERC



ISC Konstanz´s technology for PV production
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2/

TOPCon 1.5



3. Technology trends module
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Quick review on module architecture

Current trends in cell and module technology



China photovoltaic industry association on wafer sizes
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https://english.www.gov.cn/news/202502/27/content_WS67c01568c6d0868f4e8f018b.html

G12R and G12 to remain

No adaption in modul sizes to
be expected in near future

G10

G12R

G12

M10

G: full square

M: chamferd corner



Current module sizes
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https://www.infolink-group.com/energy-article/solar-topic-trends-prospects-for-rectangular-module



Module front and rear sheet
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• Glass-glass configuration @ ~ 55 % 
market share and increasing

• Framed are standard
• Frame width reduces to 30 mm
• frameless only for special

applications

https://www.vdma.org/international-technology-roadmap-photovoltaic



Module glass thickness
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https://doi.org/10.52825/pv-symposium.v1i.1237 

HSG: Heat strengthened glass

TTG: Thermally toughened
safety glass

-> glass thickness is secondary

-> most relevant is the toughening
process

-> 2 and 2.5  mm glass for gg and 
3.2 mm for glass foil modules are
dominat



Module bifaciality
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Bifacial module market share
keeps growing

-> bifacial gain relevant in all utility
scale configurations



bifiPV: bifacial applications and gains 

R Kopecek; J Libal, Bifacial Photovoltaics 2021: Status,

Opportunities and Challenges, Energies 2021, 14, 2076.

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) 2018, 443-446

https://doi.org/10.3390/en14082076


Module encapsulation
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EPE is gaining market shares
due to: 

• Price structure
• Properties in module



Module encapsulation: EPE
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• EPE is a co-extruded film of EVA and 
POE

• Quality control for EPE is important
and still not fully solved (gel test)

• Process window smaller to fit both, 
EVA and POE

S. Lust et al., EUPVSEC 2023: 10.4229/EUPVSEC2023/3DO.19.3



Module interconnection: busbars
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• Round wire is std. for both side
contacted cells

• 0 BB tech will gain traction in 
future



Module interconnection: technology
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• IR based solderin with
leaded (SnPb) wire
coating remains
standard

• Lead free apporaches
gaining market share



0 BB stringing for Zebra: Indifiduell process
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Electrical connection

Mechanical connection

Requirements for cell to cell connection 



0 BB stringing for Zebra: Indifiduell process
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Electrical connection

Mechanical connection

Requirements for cell to cell connection 

Reduced material deposition of electrical contact agent (ECA or solder paste)

Mechanical connection
supported by NCA (non 
conductive adhesive)



0 BB stringing for Zebra: Indifiduell project
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0 busbar interconnection with ECA/NCA or solder paste/NCA for classic

New flexible stringer tool specified and ordered !
IR soldering and deposition of 2 media possible !



4. Summary
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Summary: 3 takeaways 
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1) Module technology develops evolutionary.

> sizes, materials and technology are further 
developed, no disruptive changes

> For all technologies, reliable products can be found

2) Bifacial nPV is the new emperor.

> TOPCon and HJT are used for utility scale. Quality is 
good when the process is under control.  

3) BC is at the moment entering utility scale as well. 

> Bifacial BC will dominate the market form 2027/2028. 
Bifaciality will reach 80%.
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