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Abstract

Cities and regions around the world are experiencing an increase in extreme weather-related
disruptions as a result of climate change. These disruptions are testing the integrity of en-
ergy systems including electricity grids. An emerging concept to assess the vulnerability of
systems to disruptions is the concept of resilience. Resilience is used to assess the entire
cycle of a disruptive event or specific phases such as the before, during, and after the event.
In this thesis, a set of criteria to assess the resilience of the electricity grid is defined. Then
the electricity grid sectors of Harris County, Texas are assessed by applying the developed
and operationalized resilience criteria. This is done to understand the current resilience condi-
tions of electricity grid sectors. The criteria are applied for assessment purposes by using the
Multi-Attribute Value Theory (MAVT) method of Multi-Criteria Decision Analysis (MCDA). The
results of this method are displayed using a series of maps. Results from the electricity grid
sectorsj assessment provide an understanding of the resilience of a cityis electricity grid sec-
tors, highlighting which low scoring sectors need more attention. In turn, having an overview of
the resilience of electricity grid sectors can be used to plan or improve infrastructure including
the integration of local renewable energy generation.
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Introduction

1.1. Context

Disruptions are increasing around the world and testing the ability of urban systems to continue
providing their services. In 2021, extreme weather disruptions have had devastating impacts
on basic services required to keep cities functioning. For example, the flooding event experi-
enced in the western regions of Germany in the summer of 2021 resulted in severe damage
to power and water utility infrastructure (Dumiak & Oirere, 2021). Besides flooding, a very ex-
treme and rare winter storm caused 45 gigawatts of energy supply to freeze in Texas in early
2021 affecting 4.5 million people (Douglas & Ramsey, 2021). Because of the unpredictability
of extreme weather-events, this type of disruption is the focus of the thesis.

These increasing occurrences can result in negative impacts to the energy system. Such
impacts include increasing demand and threatening the security of generation, transmission,
and distribution of energy (Charani Shandiz et al., 2020; Pasimeni et al., 2014). In addition to
extreme weather-events, rapidly urbanizing cities account for 65% of global energy demand
and 70% of energy-related carbon dioxide. This requires major changes if the world is to decar-
bonize. This change is coming through the form of an energy transition from non-renewable
sources towards renewable sources in the building, transport, and industry sectors. As a
result, the electricity grid that services urban centers is under pressure because of the inter-
mittency of renewable energy sources and capacity limitations of the electricity grid (Dallinger
& Wietschel, 2012). Therefore, the need for energy systems to be prepared for disruptions
while integrating newer electricity generation technology must be met. The focus of this thesis
is on the electricity grid and not the energy system at large.

However, planning the electricity grid to withstand any kind of disruption can quickly be-
come expensive and unmanageable. This is because the possible sources of extreme weather-
related disruptions are likely to increase due to climate change (Hanisch, 2016). Instead, it is
more efficient for a system to ensure that it continues performing its function before and after a
disruption (Jesse et al., 2019). Therefore, a concept that embodies such a notion is the one of
resilience that can be used to plan the development and maintenance of the electricity grid. In
short, the theory of resilience describes a systemis ability to cope with change or disruptions
(Jesse et al., 2019). Performing a resilience assessment gives an overview of the current
conditions that a system has in dealing with disruptions.

1.2. Research objective
In this thesis, a novel way of assessing the resilience of specific urban electricity grid sectors is
proposed. The goal is to provide an overview of the current resilience conditions of electricity
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