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Abstract

Unfavorable events (e.g., natural disasters or man-made attacks) that occur on the mainland
can affect the reliability/resiliency of power system networks. Such events may cause load demand—
generation imbalance, total power outage, and partial power outage, thereby damaging the electrical
infrastructure and incurring a high economic loss. A power outage is defined as a loss of load
connectivity or absence of electrical connection between the generation or distribution stations and the
consumer end. The utility grid plays a significant role in the power flow from generating station to the
prosumer end. However, during a highly disruptive event, a utility grid may be unable to supply power
to end-users because of component failure. To solve this problem, a power system at the local stage

must manage the needs of local load demand.

The evolution of the technology that governs the utility grids are causing severe issues in
disruptive events, thereby necessitating the concept of resilience. The increased frequency of disasters
results in increased power system failures and recovery costs, making the system unreliable and non-
resilient. Hence, the formation of microgrids (MGs) and multi-MGs (MMGs) can prevent total power
outages and support the social economy and flexible energy management scheme. Besides, deploying
MMGs with renewable energy sources is ideal because of affordability, decarbonization, supply
security, and resiliency. On the other hand, concerning the series of outage events and long-term
events, mobile services such as crews and mobile energy storage devices are crucial, which can quickly

recover the critical load according to the priority, thereby reducing the impacts on the system.

Furthermore, the increasing frequency of extreme events has increased power outages
worldwide, including in Australia. Thus, a resilient infrastructure must be constructed to reduce power
system damages and benefit the social and economic impacts. Considering the above concerns, this
thesis contributes to the modern power distribution system resiliency study with four manifolds: (a)
significance of distributed energy resources on resilience, (b) resilience quantification framework in
the wake of extreme events, (c) resilient control-based multi-microgrid scheme against threats, and (d)
novel resilient energy market framework considering the microgrid outage conditions. Each technical
chapter verifies its framework using various scenario studies, and enhancement of resilience is also
illustrated. Finally, this thesis offers an approach to the resilient power distribution system considering

sustainability, energy security, and energy equity.
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Keywords:

Keywords: Active distribution system; Multi-microgrid; Transactive energy; Resilience; Withstand -
Recover - Adapt- Respond (WRAP).

Active distribution system (ADS): ADSs are the distribution networks of power system which plays
a key role to control the parameter of distributed generations (DGs) like generators (renewable or non-
renewable based sources), loads, and storages (fixed and mobile). Besides, it coordinates the power

flow (active and reactive) and controls the voltage and fault levels.

Multi-microgrid (MMG): It is an interconnection of a microgrid in a single platform through a tie
switch. It is also called coupled microgrid, networked microgrid, and interconnected microgrid. To

improve reliability and resiliency, the contribution of MMGs is significantly high.
Transactive Energy (TE):

Defined by, Gridwise council, *“ a system of economic and control mechanisms that allows the dynamic
balance of supply and demand across the entire electrical infrastructure using value as a key operational

parameter”.

The smart grid evolved as an emerging technology in the power system in which the energy trading
services can take place and the prosumer plays a major role in buying and selling the power. This
technology is called TE, where prosumers trade energy economically. In the TE framework, two major

factors are considered, control and economic operation.

Resilience: The word resilience originates from the Latin word resilio, which means to “spring back.”
However, the dictionary meaning indicates that this term refers to the capability to recover immediately
from disruptive events. Moreover, resilience could be hypothesized to refer to high-impact, low-
possibility events. The main idea behind resilience theory is not merely to battle all-natural disasters
but also to have immediate recovery operational measures. For low-probability and extreme events, the

post-disruption stage is considered vital.
Withstand - Recover - Adapt- Respond (WRAP):

= Withstand refers to the ability or the resistance of the system against high-disruptive events.

= Recover is relevant to the rapidity of the system, which can be measured after the event hits the
network.

= Adapt related to the interdependencies and resourcefulness, which are mainly focusing on the
extensibility of the system during the events.

= Respond makes reference to predictability, which relates to reliable forecasting and precise

decision-making to battle against extreme events.
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