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ABSTRACT

The rapid evolution of electrical distribution networks (EDNs) is propelled by the escalating demand
for electricity, environmental considerations, and the extensive integration of renewable energy
sources and electric vehicles. This thesis introduces a comprehensive optimization framework to
improve the performance of RDNs by integrating renewable distributed generation (RDGs), optimal
network reconfiguration (ONR), and coordinated allocation of EV charging infrastructure. Initially,
static and voltage-dependent load models are developed to assess voltage stability and system
loadability under various operating conditions. Mathematical models for PV-based DG and EV fleet
loads are incorporated into the load-flow formulation. A multi-objective optimization problem is
formulated to minimize real power losses, voltage deviation, and greenhouse gas (GHG) emissions
while maximizing voltage stability, system loadability, and network reliability, subject to power
balance, voltage limits, thermal limits, and radiality constraints.

To address this complex and nonlinear multi-objective problem, advanced meta-heuristic
optimization techniques, including the Butterfly Optimization Algorithm (BOA), Pathfinder
Algorithm (PFA), and their improved variants, are proposed. These techniques are employed to
determine optimal network configuration, PV placement and sizing, and EV charging station
allocation under both static and dynamic operating scenarios, accounting for load, PV generation,
and EV fleet load variability. The proposed framework offers a reliable and practical solution for
modern smart distribution networks with high penetration of renewable energy and electric vehicles.
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