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ABSTRACT

To stabilize the greenhouse gas concentrations in the atmosphere and avoid disastrous climate change
consequences while assuring the high and increasing demand for energy, the energy system worldwide should
endure a transition from fossil fuel-based energy resources to more sustainable-renewable ones. With one-third
of the total energy consumption worldwide and a 1.3% yearly increase in energy demand, the building sector is
among the highest energy-consuming sectors. The latter’s energy needs generally concern the demand for
electricity and heat. Hence, both can be provided through the implementation of renewable solar-based energy
systems in the buildings’ available areas. Of the main solar energy technologies is photovoltaic/thermal panels.
Absorbing solar energy, they can produce at the same time electrical and thermal energies. This dissertation
delves deep into the potential of photovoltaic/thermal (PVT) systems, emphasizing their role in addressing the
dual energy demands of the building sector. Through a series of comprehensive studies, the research evaluates
the performance of various solar systems, including PV, PVT, and Solar Domestic Water Heater (SDWH),
specifically in the Moroccan context. Advanced optimization techniques, combining the likes of Taguchi's
method and genetic algorithms, were employed to enhance the efficiencies of the PVT system, identifying key
parameters that significantly impact its performance. Furthermore, the research explores the integration of various
enhancement technologies into photovoltaic systems, such as thermoelectric generators and phase change
materials, aiming to provide a holistic evaluation across different climatic conditions. The findings underscore
the efficiency of PVT systems, particularly when integrated with phase change materials, achieving total annual
energy efficiencies ranging from 75% to 83%. In conclusion, this thesis offers invaluable insights into the
potential of PVT systems, emphasizing their significance in the transition toward sustainable energy solutions.
The results presented herein not only contribute to the academic understanding of PVT systems but also provide

a practical framework for their implementation in diverse climatic conditions.
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