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Abstract

Photovoltaic-thermal (PVT) systems enable the simultaneous generation of electricity and heat within
limited rooftop space, thereby improving the overall utilization efficiency of solar energy. In this study, we
developed a PVT system using carbon nanocapsules (CNCs) as the photothermal absorbing material to evaluate
its feasibility and performance. Photothermal collectors were fabricated by thermally mixing CNCs with ethylene-
vinyl acetate (EVA). Structural analyses confirmed the coexistence of CNCs and EVA; however, increased film
thickness resulted in non-uniform CNC distribution and potential through-thickness compositional gradients.
Films with thickness > 0.9 mm exhibited optical absorptance exceeding 70%, satisfying basic PVT application
requirements. A prototype PVT system employing a 2.5 mm-thick CNC film (collector area: 0.3 m3 coupled with
photovoltaic cells (total PV area: 0.125 m3 was evaluated under outdoor conditions over a 9-h period. The system
increased the water temperature by 11.8°C. With a total incident energy of 1217.2Wh, the system produced 823
Wh of thermal energy, corresponding to a thermal efficiency of 67.6%, and 62.08 Wh of electrical energy, yielding
an overall energy conversion efficiency of 72.7%. These results demonstrate the potential of CNC-based PVT
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systems for efficient solar energy harvesting. Future work will focus on optimizing film thickness, PV area
fraction, and effective illuminated area to further enhance system performance.
Keywords: Carbon nanocapsules, Photovoltaic-thermal system, Thermal collector, Energy conversion
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