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Bringing back solar cell production
to Europe

for a vertically integrated European GW-scale
PV production value chain
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Overview of IBC4EU
Project Achievements

Today the vast majority of the components in the value chain for PV modules
are manufactured outside of Europe. Innovative concepts are needed to
bring the manufacturing industry back competitively.

Since its start in November 2022 the IBC4EU project has delivered a suite
of innovations that advance photovoltaic (PV) technology, manufacturing,
and sustainability, positioning Europe at the forefront of next-generation
solar solutions. The project’s topics span cell and module development,
smart manufacturing, and environmental performance, each contributing
significant breakthroughs.

Why Back Contact (BC) technology?

e BC is the last evolution stage of mainstream cSi technology
e [tis based on proven production processes and materials

e Module efficiencies >25% are possible

e Proven on pilot line level and in production (TRL7+)



High-Efficiency IBC Solar Cells

One major topic focused on developing Interdigitated Back Contact (IBC)
solar cells that rival and surpass conventional both-side contacted cells. Key
achievements include:

e Record Efficiency: Demonstrated 24.3% efficiency on n-type wafers
(Ag/Cu metallization) and 24.5% on p-type wafers (Ag/Al metallization).
Industrial scaling is expected to reach more than 26% efficiency, a
benchmark for global competitiveness.

e Material Innovation: Introduced copper screen-printing, reducing
silver usage by 90% (down to 4mg/Wp), with industrially viable curing
processes.

e Costand IP Security: Efficiency gains translate to minimal cost increases
(0.3€ct/Wp at module level), making the technology attractive for system-
level applications. The processes are IP-secured and ready for industrial
transfer.
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Advanced Module Interconnection and Bifacial Designs

Another topic propelled module innovation through new interconnection
technologies and bifacial designs:

e [nterconnection Technologies: Developed and evaluated tabbing-
stringing, Conductive Backsheet (CBS), and 3D multi-ribbon approaches.
Tabbing-stringing was selected for its ability to achieve 23% full-area
module efficiency, with gapless cells and rear bussing maximizing active
area.

e Bifacial Modules: TNO’s Light Transmitting Conductive Substrate
(LTCS) enabled bifacial modules with 80% bifaciality, expanding energy
yield potential.

e Manufacturing Advances: Futurasun’s innovative tabbing-stringing
machine reduces cell breakage, enabling stress-free soldering. Both
mini and full-size modules have passed rigorous climate testing (thermal
cycling, damp-heat).

e Real-World Deployment: Full-size modules installed at outdoor test
sites (FuturaSun, Kalyon PV) and integrated into BIPV (Building Integrated
PV) solutions by MetSolar, demonstrating practical viability.

Smart Manufacturing and Industry 4.0 Integration
A further topic delivered digital and Al-driven advances for PV manufacturing:

e Predictive Maintenance: Machine learning models for equipment
(Diffusion furnace, Czochralski, Dryer) achieved high accuracy (96.2%),
enabling early fault detection and reduced downtime.

e Digital Twin for PV Modules: Developed specifications and demon-
strators for digital twins, embedding unique tags at production. These
link process, test, and performance data, supporting recycling, reuse,
and lifecycle management in line with EU regulations.

e Automated Quality Control: Advanced image analysis pipelines (PL/
EL) using CNNs and PCA clustering automate defect detection and
classification, improving quality control and enabling binary and muilti-
class identification.

https://IBC4.EU



Sustainability and Environmental Performance

A dedicated topic assessed and optimized the environmental footprint of
IBC4EU innovations:

e Life Cycle Assessment (LCA): Comprehensive LCA covered ingot,
wafer, cell, and module production, revealing substantial reductions in
climate impact, resource use, and toxicity.

Key Performance Indicators (KPls):

e Allinnovative modules achieved the project’s KPI of <230 kg CO,-eq/
kWp, with one of the best-performing hypothetical modules at 179.7
kg CO,-eq/kWp and energy yields up to 317 kKWh/m?/year at 23%
efficiency.

e Process Innovations: Ingot manufacturing reduced climate impact by
66%, wafering advances cut climate footprint by 87%, and IBC cell
improvements lowered silver consumption and toxicity.

e Module-Level Gains: Innovations from industry partners further
reduced greenhouse gas emissions, confirming robust environmental
benefits across six hypothetical module configurations.

¢ Recycling and Circularity: Developed new recycling approaches and
digital product passports, supporting circularity and compliance with
EU eco-design and safety regulations.
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Conclusion

The IBC4EU project has successfully demonstrated:

e Technological Leadership: High-efficiency, low-cost, and IP-
secured IBC solar cells ready for industrial adoption.

e Modulelnnovation: Advanced interconnection and bifacial designs,
validated through climate testing and real-world deployment.

e Smart Manufacturing: Al-driven predictive maintenance, digital
twins, and automated quality control for Industry 4.0 PV production.

e Sustainability: Quantifiable environmental improvements, robust
LCA results, and innovative recycling strategies, ensuring
competitive and sustainable European PV manufacturing.

These achievements collectively position IBC4EU as a benchmark
for innovation, sustainability, and industrial readiness in the European
PV sector. The project’s integrated approach—from cell to module,
manufacturing to environmental impact—sets new standards for
future solar technologies.
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Contact

Email: info@ibc4.eu
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