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Abstract

Smart metering and precise measurement of energy consumption levels have
brought more detailed information and interest on the actual load profile of a
house which continues to improve consumer-retailer relationships. Participation
in demand response (DR) programs is one of these relationships but studies
have shown that there are considerable impacts resulting to some level of
discomfort on consumers as they aim to follow a suggested load profile. This
research therefore investigates the impact on consumers while participating in
DR programs by evaluating various perspectives that includes:

Modelling the causes discomfort during participation in DR programs;
Evaluation of user participation capabilities in DR programs;

Identification of schedulable and non-schedulable loads and opportunities;
Application of load scheduling mechanism which caters for specific user
concerns.

= |nvestigation towards ensuring a secure and robust system design.

The key source of information that enhances this work is obtained from data on
historical user behavior which can be stored within a smart controller installed in
the home and optimised using genetic algorithm implemented on MATLAB.
Results show that user participation in DR programs can be improved and
effectively managed if the challenges facing home owners are adequately
understood. This is the key contribution of this work whereby load schedules
created are specifically tailored to meet the need of the users hence minimizing
the impact of discomfort experienced due to participation in DR programs.

Finally as part of the test for robustness of the system design in order to prevent
or minimize the impact of any event of a successful cyber-attack on the load or
price profiles, this work includes means to managing any such attacks thereby
mitigating the impact of such attacks on users who participate in demand
response programs. Solutions to these attacks are also proffered with the aim of
increasing robustness of the grid by being sufficiently proactive.
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Chapter 1: Introducing the Research

Problem

1.1 Introduction

Human behaviour is usually complex to model or manage and one does not
necessarily need to be a sociologist or an academic researcher to appreciate
this. Dally interaction with other people clearly exemplifies this complex nature
of humans whose behaviour at one time may differ remarkably from what was
previously known or believed to be beyond the bounds of the individual’s
character, based on their known antecedent behaviour. For instance, a middle-
class citizen who was known over the years for his conservative beliefs and had
campaigned vigorously towards reduction of CO2 emission as well as improved
environmental protection, may suddenly be found driving an expensive petrol-

powered car.

Such a drastic reversal in belief may be considered irrational by some people,
but it obviously shows how complex human behaviour can be which is usually
based on a variety of variables that may affect the individual at any given
instant. While most human behaviours can be predicted to a reasonable degree
of accuracy assuming sufficient historical data about previous behaviours are
available, spontaneous behaviours are usually non-predictable [2]. This work is
based on understanding, predicting and investigating behavioural attributes of

energy consumers who participate in Demand Response (DR) programs with



the aim of improving grid performance. DR generally refers to all activities
initiated by the utility, or from the user which is aimed at improving energy
management by promoting reduction in energy cost or consumption [3]. The
problems associated with DR patrticipation are solved by modelling future smart
homes whereby the users are capable of interacting with the grid effectively

while also, not compromising their comfort and benefits.

Smart grid can be defined as an intelligent grid network system applied in
modern electrical grid technology whereby the integration of renewable and
alternative energy sources to the main-stream grid, utilization of information and
communications technology (ICT), application of efficient Energy Management
System (EMS) as well as the integration of storage systems, are of primary
essence [3] [4]. These four key players interacts with one another such that all
important data used for this integration are processed through automated
control in order to obtain, process and manage information about the provision,
supply and energy consumption by various consumers thereby improving the
efficiency of the grid network. It also improves the sustainability and reliability of
power generation, transmission, distribution as well as improved management
of energy demand, while reducing consumption costs. Provision of sustainable

energy is usually discussed under two broad areas of research namely:

= Development of Renewable energy resources
= Development of mechanisms which provide high energy efficiency for

consumers as well as the utility supplier.



Renewable energy resources include all energy sources that are not obtained
from hydrocarbon or nuclear source which are also inexhaustible and can be
replenished within a short period of time such as: wind, solar, biomass, tidal and
hydroelectric energy. Demand for electricity is always on the increase principally
due to increase in population across the globe and this continuous increase has
brought about the need to reduce CO2 emission from fossil fuel sources. As a
result of this, research and investments in renewable sources has been a key
objective in energy policies of several governments and countries whereby the

introduction of solar and wind sources are increasingly popular.

Energy efficiency on the other hand, can be defined as the ability to manage
and restrain the growth in energy consumption by using less energy to provide
the same or similar services [4]. In other words, it can be described as using
cheaper energy to achieve the same services. As a result, several contributions
and applications that aim to improve EMS and techniques is investigated by
researchers. One of such applications is by encouraging active participation in
DR programs thereby ensuring a reduction of CO2 emission. Hence, the need to
apply efficient EMS creates little appetite to building new power plants where
possible since an efficient re-distribution of energy consumption tends to reduce

peak demand while upholding consumer satisfaction.

A significant amount of world’s energy consumption can be attributed to
residential buildings hence policies made to optimise energy utilization naturally
affects home users [5]. This is the key aspect of this research which aims to

reduce the strain on energy demand especially during peak demand by



encouraging consumers to shift their non-essential loads when it is required to
other times of the day when demand for energy is reduced. There are usually
some financial savings available as well as other incentives attached to such
changes in energy consumption behaviour which is facilitated by the
implementation of dynamic pricing as observed in some energy markets such
as in the US and UK. This therefore implies that determining appropriate energy
price which changes with time, for a market with dynamic pricing, is not a very

easy thing to do but if properly done, it will be of increased benefit to the grid.
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Figure 1.1: Grid Network System in an Unbundled Energy Market [3]
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The grid network is traditionally made up of the Generation: which includes
various renewable and non-renewable sources, Transmission: which includes
high voltage power line transfer from generation sources to designated
substations, Distribution: which includes lower voltage power transfer within the

cities and User which may also be connected with the retail in an unbundled



energy market system as shown in Figure 1.1. The area of interest is at user

locations with the aim to improving EMS, assuming those are Smart Homes.

A smart home is basically a residence whose electrically powered devices can
be controlled by a means of advanced automation techniques and monitored
remotely via the internet, using smart phones or computer devices. Energy
supplied to such homes can be managed effectively by the means of interaction
between the consumers and the retailers, owing to the communication network
established between these two parties, as well as data processing unit
embedded in the advanced automated controller installed in the home. In this
way, the co