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ABSTRACT

The impact of climate change on the environment is currently the most dangerous issue, especially in light of the
consequences of the Covid-19 epidemic on the world's weather and living conditions. The main causes of climate change
are industrial waste and emissions of fossil fuel resources during power generation processes.

African countries, like the developed countries of the world, are still struggling to achieve and maintain energy
self-sufficiency in the face of an ever-growing population. Similarly, Algeria is working to promote the use of renewable
energy to support the main electricity generation network by adopting eco-friendly energy, particularly since the epidemic
situation has stabilized, allowing markets and activities to recover.

The population of Algeria's vast south (Bechar-Adrar) may benefit from an energy infrastructure that would power
their agricultural investments, irrigation, and livestock activities, as well as provide electricity to the region's residents, in
light of this circumstance. Military barracks, distributed housing complexes, communication posts, ships, and data centers
are just a few of the customers who could benefit from these systems.

Microgrids (MGs) are innovative power production facilities that use renewable energy resources (RERs), energy
storage systems (ESSs), and standby generators to deliver competitive electrical services. Because of their high solar
potential, MG systems are among the energy systems under consideration in this thesis for implementation in the
investigated areas. Clusters of DC-Microgrids (DC-mMGs) are also made up of interconnected MGs that share a common
or multiple DC BUS and are controlled by centralized, decentralized, or distributed control mechanisms.

MGs must be supported with ESSs consisting of Lead Acid (LA), Lithium-ion (Li-ion), and supercapacitor (SC)
banks, as well as standby diesel generators for critical operating scenarios, due to the discontinuous and non-dispersible
outputs of photovoltaic (PV) cells. Distributed generators (DGs) are controlled by a central controller (CC) or
decentralized local controllers (LC), depending on DERSs' configuration and coupling topology.

With Perturb and Observe (P&O) and Incremental Conductance (INC) technologies, Maximum Power Point
Tracking (MPPT) was used in a photovoltaic control framework to track the maximum possible power based on ambient
meteorological conditions. Otherwise, Flexible Power Point Tracking (FPPT) or Limited Power Generation (LPG) are
used to limit PV power while taking load demand setpoints into account. The effects of adjustable Buck, Boost, and Buck-
Boost converters on the photovoltaic operation and tracking of its maximum power were also investigated and assessed.

By controlling the charge/discharge currents between the DC-BUS bar and ESS banks, Bi-Directional Converters
(BDCs) are connected to prevent power shortage scenarios resulting from unexpected, uncontrollable, and non-
dispatchable PV outputs, as well as fuel limitations of diesel generators. Here, closed regulating systems using single and
double loops (cascading loops) have been used to deal with the power imbalance between PV and load demand, to ensure
the rapid recovering of the bus voltage after each deflection due to disturbing powers in the bus bar.

To provide precise control and smooth transitions between power balancing states, specific controllers such as
Linear Integral Proportional (PI), Artificial Neural Networks (ANN), and Super Torsion-based Non-Linear Slide Mode
Control System (ST-SMC) are used.

By combining different types of DERs and multiple controllers in control structures, energy management strategies
(EMSs) regulate and control power generation versus energy consumption. To calculate setpoint currents or control DC-
DC, DC-AC, and AC-DC computers from the system's DERs, EMSs are built using simplified MATLAB algorithms,
state flow, and an FLC fuzzy logic controller in this thesis.

Standard modeling and design tools such as MATLAB, ETAP, ISIS-PROTEUS, as well as other systems for
calculating PV and ESS capacities (Pvsys - HOMER PRO), Converters components stage designer, protective device,
and wiring cables are used to design and build DC-MG systems and DC-mMGs.
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