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he integration of renewable energy systems in the built environment represents a 
strategic solution to the growing energy demands of cities. This thesis aims to 
design, model and evaluate a hybrid photovoltaic system with pumped hydro 

storage (PHS) in a high-rise residential building under Mediterranean climate 
conditions. 
 
The system studied is dimensioned on the basis of actual energy consumption data and 
local climatic conditions in the city of Oran, Algeria. A mathematical model is developed 
using Fortran, integrating energy losses and a smart energy management strategy. The 
results show that the photovoltaic system generates 210 MWh annually, covering 40% 
of the building's electricity needs. The integration of hydraulic storage improves this 
coverage by 15%, raising the self-sufficiency rate to 46%, thereby reducing dependence 
on the public grid, particularly during peak consumption periods. Additionally, the 
storage system handles around 50% to 70% of peak evening consumption, with 60% 
efficiency. 
 
In economic terms, the system has a payback period of 8.5 years in the most favorable 
scenario, and a net present value of €94 904. The environmental impact of the 
photovoltaic-pumped hydro storage system (PV-PHS) is also significant; it reduces CO₂ 
emissions, with up to 81 tones avoided per year compared with a conventional natural 
gas-based system. 
 
This study highlights the potential of PV-PHS hybrid systems to enhance the integration 
of renewable energies in urban environments. It highlights their ability to improve 
energy self-sufficiency and reduce carbon footprints, thus contributing to the transition 
towards more sustainable solutions.
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