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Abstract

Emerging challenges in anti-islanding protection systems have arisen due to increased load
diversity and the widespread adoption of Inverter-Based Generation (IBG) within the electrical
power distribution system (EPDS). Integrating distributed generators (DGs) with advanced anti-
islanding protection systems (AIPS) is essential to guarantee operational integrity, particularly for
IBGs in distribution networks. Nevertheless, conventional AIPS often fail to detect unintentional
islanding events during perfectly matched loading conditions, highlighting a critical vulnerability.
Furthermore, most IBGs employ active islanding detection strategies due to their minimal non-
detection zone (NDZ) and rapid response. However, the power quality of the distribution network
may suffer due to the increasing penetration of the active disturbance signals. Load diversity
also plays an essential role in analyzing the NDZ and detection time of AIPS. The impact of
load diversity on NDZ and the detection time of AIPS is significant, highlighting the need for
comprehensive analysis in scientific literature. Therefore, it is crucial for the scientific community
to thoroughly examine a range of diverse load models and their effects on islanding detection
techniques.

The thesis proposes a novel solution to overcome the aforementioned challenges by introducing
a new AIPS with zero non-detection zone (NDZ), characterized by rapid operation and minimal
impact on power quality, robustness, and reliability. Additionally, it includes a comprehensive
study focusing on load diversity and parameter settings. The thesis thoroughly discusses its con-

tributions in detail, focusing on the following aspects.

* A hybrid islanding detection algorithm is introduced, leveraging both the rate of change
of kinetic energy and the root-mean-square value of absolute frequency deviation at the
point of common coupling (PCC). This methodology represents a notable advancement over
existing techniques, particularly regarding the injection mechanism of disturbances via the
g-axis current control loop of the grid-tied inverter. The algorithm activates the disturbance
signal injection mechanism solely when an unintentional islanding event is anticipated, as

determined by monitoring specific parameters at the PCC. This mechanism is proposed to



achieve zero non-detection zones, operate with remarkable speed, have a straightforward
implementation process, and exert significantly less impact on the power quality and stability

of the power electronics system.

* A thorough analysis of diverse load models, including emerging electric vehicle (EV) charg-
ing loads, and their effects on non-detection zones has been conducted. Different load mod-
els and their impact on overfrequency, underfrequency, overvoltage, and undervoltage pro-

tection schemes have been examined under varying EV charging load penetration levels.

* The study investigates the impact of different islanding detection methods on power qual-
ity. Moreover, it assesses the current signal’s total harmonic distortion (THD) concerning
parameter variations across various islanding detection methods. This comparative analysis
offers valuable insights for improving islanding detection methods to mitigate their effects

on power quality.

* The proposed AIPS architecture has undergone rigorous real-time testing in various sce-
narios using both the Typhoon-hardware-in-loop (HIL) and the real-time digital simulator
(RTDS) based power hardware in the loop (PHIL) testbed. The performance of the method
has been assessed through over 200 islanding and non-islanding case studies in simulation
and experimental settings. Results indicate that the proposed method is robust, accurate, and
capable of detecting islanding events swiftly, with a detection time as short as 150 millisec-

onds.

Key Words: Distributed generation (DG), Disturbance injection, Islanding identification, Non-
detection zones(NDZ), Power quality, Protection, Rate of change of kinetic energy (ROCOKE),
Real-time digital simulator (RTDS), Typhoon hardware-in-loop (HIL).
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