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CONCLUSIONS

• No evidence of encapsulant degradation after 5 months of outdoor exposure. The observed decrease in ISC is attributed to the colouring used, rather
than to encapsulant degradation.

• Excellent visual stability: even after 1 year outdoors, the samples remain visually intact, with no evident signs of degradation.

• Composite-based solutions show comparable performance to conventional encapsulants, demonstrating their potential as a viable alternative.

• Flat configurations slightly outperform curved ones, as expected.

ABSTRACT:

In the current energy landscape, increasing electrical independence is a priority, and photovoltaics (PV) can contribute even in heritage-protected urban

areas by seamlessly integrating into the surroundings. The PV project achieved this by developing flat and curved clay roof tiles with integrated PV

prototypes, using commercial substrates from Gris, a manufacturer known for its distinctive roof tiles that incorporate an air channel serving both

functional and practical purposes—cooling the tile itself and providing thermal insulation for buildings. Two lamination approaches were explored:

conventional encapsulants using a laminator, and composite materials processed via infusion. The viability of integrating crystalline silicon solar cells into

both flat and curved clay tiles was rigorously evaluated through standardized tests, including IEC 61215 (humidity-freeze and damp heat) and UNE-EN

539-2 (frost resistance for tiles). To ensure visual harmony with the clay tiles, various aesthetic solutions were tested, such as clear, black, light grey,

and terracotta encapsulants for conventional laminates, while composite solutions involved post-processing techniques like applying varnishes with

different clay powder contents to conceal the PV technology. Following successful small-scale validation, a series of prototypes—comprising eight PV-

integrated curved tiles and four flat tiles—were subjected to outdoor monitoring in a Mediterranean climate with continental characteristics, with no

evidence of degradation observed in any case, demonstrating how traditional ceramic tiles are making a stylish and functional comeback with integrated

PV technology.
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̶ Curved and flat tiles

̶ Two tiles in one piece

̶ Air chamber

̶ Two approaches: conventional encapsulants and composite

materials

̶ Two step fabrication:
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̶ Minimize visual impact through colour

Final Product

Pyranometer

̶ Characteristic continental Mediterranean climate.

̶ ISC of each PV device is monitored (datalogger) 

̶ Thermocouples and a pyranometer to monitor temperature and 

irradiation.
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