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Comprehensive Study of a Hybrid (Solar-wWind) Power
Generation System with Power Quality Optimization Using the COOT-
PSO Hybrid Intelligent Algorithm

Dr. Ahmad Alnasir  Dr. Batol Alsati

Abstract

This paper presents a comprehensive simulation study of a grid-connected
hybrid power system integrating a 25 kW solar photovoltaic (PV) array, two
330 kW wind turbines (660 kW total), a 100 kWh battery energy storage
system (BESS), a 55 kW DC-AC power converter, and a fifth-order active
power filter (APF). The primary objective is to optimize power quality—
measured by Total Harmonic Distortion (THD)— through intelligent PID
controller tuning using a novel hybrid COOT-PSO optimization algorithm that
combines the social foraging behavior of the Coot bird (Fulica atra) with

Particle Swarm Optimization (PSO). The simulation is performed in
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MATLAB/Simulink using the ode45 numerical solver with a time step of At =
0.1 h. Daily and monthly simulations are conducted for both summer and
winter scenarios at latitude 30°N.. Economic feasibility is assessed through Net
Present Value (NPV), Cost of Energy (COE), and Simple Payback Period
(SPP) analyses over a 25-year project lifetime. Results demonstrate that the
optimized system achieves a renewable energy fraction exceeding 85%,
reduces THD below the IEEE 519 standard limit of 3%, and yields a positive
NPV with a payback period of approximately 8.2 Years, confirming both
technical and economic viability. A comprehensive comparison was
performed between the proposed COOT-PSO algorithm and three well-known
evolutionary algorithms (classical PSO, GWO, and GA using the same
objective function (ITAE), the same number of iterations (50), and the same

set size.
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