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Abstract

The conventional distribution system is currently experiencing significant reconfiguration due
to the penetration of distributed energy resources and energy storage systems. The microgrid
operation in presence of distributed generation led to several technical challenges to the
conventional control and protection methodologies. They are not applicable in a DG penetrated
distribution system. This thesis first develops the microgrid system to analyze the phenomena
of the power systems of a new era. Then, this work overcomes the unintentional islanding
detection challenges of droop-controlled grid-forming inverters (GFMI). The conventional
Islanding Detection Techniques (IDT) are ineffective in GFMI due to the impact of power
control droop parameters on the Non-detection Zone (NDZ). Furthermore, the active IDTs may
cause disturbances in the working operation of the GFMI due to their opposite functionality.
Thus, there is a need to develop adequate IDTs which can perform robustly even with
unconventional droop parameters and helps in maintaining the GFMI functions. The new
methods developed for islanding detection are capable to detect even during the critical
scenarios of weak-grid condition, nonlinear loading condition, and noise/distortion scenarios.
The proposed methods are superior in accuracy and detection time (DT) compared to the other
conventional techniques.

Furthermore, the conventional protection schemes such as over-current and earth-fault
protections available in the distribution system usually fail to operate due to low magnitude of
fault current (usually in the range of a few mA) during the High-Impedance Fault (HIF)
condition and thus, HIF gets mostly undetected. These types of fault occur whenever an
energized conductor makes contact with some high-impedance surfaces that are poor
conductors such as asphalt, sand, concrete, etc. In order to overcome this challenge, this work
develops a new high-impedance fault model that is able to demonstrate the HIF characteristics
accurately even with DG penetration. A novel linear time-frequency-based tool is introduced
for HIF identification. The main contributions of the proposed method are viz., it can correctly
distinguish HIF from severe faults, switching events, energization scenarios, and noisy
environments. The algorithm has been compared with the previously reported HIF detection
techniques, and the efficacy of the method is presented through real-time simulation results. It
has a fast detection time and less computational burden.

All propositions are validated from theory, by offline and real-time simulation case-studies as
well as on the laboratory scale experimental setup. Real-time validation has been executed
using hardware test bed setup, including the RTDS simulator, the SEL-relay, and the OPAL-
RT simulator. The demonstrated real-time results validate the effectiveness of the proposed
detection algorithms for the protection of complex DG-penetrated distribution systems.

Keywords: Islanding Detection Technique, Droop-controlled Inverters, Grid-Forming
Inverter, Non-Detection Zone, Total Harmonic Distortion, Long-short-Term Memory network,
High impedance fault, Distortion, Synchro-Squeezing Transform, Reconstruction Error, Phase
current.
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