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Résume de la these

Due to a higher share of decentralized renewable energy systems and the need for
worldwide transition to renewable energy, this work proposes an integrated design and
management for hybrid microgrids with photovoltaic and wind systems. However, such
microgrids bear a number of important challenges including intermittences of
generation, system stability, fluctuation in energy balancing and degradation of the
storage systems. In this paper, we introduce a holistic and intelligent framework that
attempts to address these challenges by means of a flexible, reliable and efficient energy
management solution. The key novelty of the thesis is the design of a smart Energy
Management System which incorporates prognostics, hence allowing an online
management of the energy flows in real-time and it leads into an optimal decision when
the operating conditions change. By using HESS in this system, which is composed of
lithium battery and supercapacitor, the system manages to be rapid response rate, high
frequency disturbance resistant and lower battery cycling stress, resulting in a greatly

increased durability and safety of energy storage system.

Major contributions of the thesis include the DC bus voltage stability at different
load conditions and generation profiles, robustness of the voltage frequency regulation
and the dynamic removal of electrical harmonics. The system has a good optimization
capacity of power allocation between power sources and storage systems according to
real-time demand and system state, thereby greatly reducing energy loss and
maximizing utilization. Its intelligent use scheduling also assures that battery is
operated within safe SOC limits and hence enhances the life and reliability in storage.
Furthermore, a good stability of the architecture is demonstrated through extensive
simulations making the architecture remain in the steady state despite deep perturbation
situations and despite ensuring the ability to recover quickly in transient, low voltage
transient and maintained energy autonomy. This thesis provides a scalable, deployable,
smart microgrid platform that is capable of self-sufficient operation in isolated or urban
configurations, allowing sustainable use of power while guaranteeing functional safety
of microgrids and a smooth incorporation of Al-powered control in the next-generation

smart power systems.
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