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ABSTRACT

In power systems, the supply and demand of electricity must be balanced at all times.
Demand Response (DR) was introduced as a new strategy to balance the supply and
demand of electricity, it means the change of electricity usage by customers from their
normal consumption pattern in response to electricity price. In this project, a DR system
designed for residential customers is developed. The DR system is an IoT based system,
the system uses Wi-Fi to communicate between the endpoints. The DR program used in
this DR system is Time of Use (TOU) pricing. The DR system mainly consists of a mobile
application named MyDR serves as a user interface, a website represents power utility
and microcontroller to control loads. Users can participate in a DR program through load
curtailment, load reduction or load shifting. A demonstration of participating in a DR
program is carried out, output at all stages are presented. Then, two case studies are
conducted to illustrate how users can benefit from participating in a DR program. From
the case studies, it can be seen that users can save money on electricity bill by

participating in a DR program.
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ABSTRAK

Dalam sistem kuasa, pembekalan dan penggunaan elektrik mesti seimbang sepanjang
masa. Respons penggunaan diperkenalkan sebagai strategi baru untuk menyeimbangkan
pembekalan dan penggunaan elektrik, ini bermaksud perubahan penggunaan elektrik oleh
pelanggan dari penggunaan normal mereka sebagai respons terhadap harga elektrik.
Dalam projek ini, sistem DR yang direka untuk pelanggan residensi telah dicipta. Sistem
DR adalah sistem berasaskan IoT, system DR menggunakan Wi-Fi untuk berkomunikasi
antara pengguna dan pembekal elektrik. Program DR yang digunakan dalam sistem DR
ini adalah tarif Time of Use (TOU). Sistem DR terdiri dari aplikasi mobil bernama MyDR
berfungsi sebagai antara muka pengguna, laman web mewakili utiliti kuasa dan
mikrokontroler untuk mengawalkan beban elektrik. Pengguna dapat mengambil bahagian
dalam program DR melalui penolakan beban, pengurangan beban atau peralihan beban.
Demonstrasi tentang mengambil bahagian dalam program DR telah dilakukan, output di
semua peringkat telah ditunjukkan. Kemudian, dua kajian kes telah dijalankan untuk
menggambarkan bagaimana pengguna boleh dimanfaat daripada menyertai program DR.
Dari kajian kes, dapat dilihat bahawa pengguna dapat menjimatkan wang untuk bil

elektrik dengan mengikuti program DR.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

In the electric power system, the supply and demand of electricity have to be
balanced at all times, otherwise, the power quality of the system will be affected, and
blackout may happen eventually. When there are too much electricity and low demand,
the frequency of the system will increase. When there is high demand and low electricity
available, the frequency of the system will drop [1]. Even a small frequency deviation

may cause damage to consumer equipment and system infrastructure.

Traditionally, the only way for electric utilities to balance the electricity supply
and demand is through control the output of generators. However, this requires a huge
investment in system infrastructure that is seldom used. For example, the peak power
plant with the most expensive fuel cost would only operate for a few hours in a year to

provide electricity during peak demand [2]. The investment will be more efficient if the
load can shift from peak to off-peak period.

In the early 1980s, demand side management (DSM) has been introduced [3].
DSM is a collection of techniques targeted at changing “customer’s electricity
consumption patterns to produce the desired changes in the load shapes of power
distribution systems” [4, p. 1245]. Loads are no longer treated as uncontrollable, utilities

start to balance the supply and demand through control or influence the electricity demand.

According to [5]-[7], DSM includes energy efficiency (EE) and demand response
(DR). DR helps to flatten the load curve through load reduction and load shifting while
EE encourages the reduction of total electricity consumption, both EE and DR are
contributing to a more efficient system operation which results in a lower carbon emission

[6]. Figure 1 shows the impact of EE and DR on energy consumption.
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Figure 1.1: Impact of EE and DR on energy consumption [5]

EE means to provide the same service by using less energy, it aims to lower down
the total electricity consumption permanently. One of the ways to implement EE is by
encouraging customers to use the energy efficient appliances like an LED bulb instead of
the incandescent bulb. Besides that, use the inverter type appliances instead of non-

inverter type appliances. These energy efficient appliances provide the customer with the

same level of service with less power consumption.

DR means the change of normal energy consumption pattern in response to a price
signal or load shedding/shifting request. For example, when the utility’s supply is
approaching a limit, they will send a request for load reduction to the customer.
Customers may participate in the DR by shutting down the appliances or shifting the load
consumption to another period. In this way, DR can provide the system with great
flexibility.

As defined in [8, p. 1], “flexibility express the extent to which a power system can
modify its electricity production and consumption in response to variability, expected or
otherwise”. The flexibility of the power system is becoming more important as the
penetration of renewable energy sources (RES) is increasing, the system has to be more
flexible to handle the fluctuation of RES output. Therefore, DR plays an important role

in the power system as it can contribute to the flexibility of the system.



1.2 Problem Statement

The global energy mix is shifting towards renewable energy like solar, wind and
hydro energy. Many countries have targeted to increase the penetration level of RES in
their power system in order to reduce the carbon emission rate which contributes to the
mitigation of climate change. In the US, they target to reach 27% of renewable energy
share by 2030, and this will reduce 33% of carbon emission over the 2005 level [9]. While
in Malaysia, they target to reach 20% of RES penetration by 2025 [10].

The main issue of renewable energy is its intermittency. Most of the RES output
are greatly dependents on the weather conditions, this causes RES output to be
unpredictable and uncertain. With a high penetration level of RES, it is becoming more
difficult for the power system operator to balance the supply and demand. This is due to
short available lead time, needs for large magnitude ramping events and frequent on-off
of the generating units [8]. Therefore, it is importanf to deploy different methods for

balancing the supply and demand to increase the flexibility of the power system.

1.3 Objective

The objectives of this project are:

1. Investigate the impact of demand response on load consumption behaviour.
2. Design a Time of Use (TOU) based demand response system.

3. Develop an Internet of Things (IoT) based demand response system using Wemos

microcontroller.

1.4 Project Scope

This project will design a demand response system for residential customers, the
demand response system can be incorporated into utility’s program as a mean to balance
the supply and demand. Among Time Based Rate (TBR) DR programs, Time of Use
(TOU) Pricing is chosen as the DR program in this project. Next, a mobile app with Wi-



Fi communication feature will be developed as user interface, customers are able to

observe the TOU rate and control their loads via the app. MySQL is chosen as the
database platform to store the TOU rate.
Furthermore, Wemos will be used as a master controller of the DR system to receive

the user’s decision from the mobile app, it will then send signals to the switch to control

the loads. After that, Wi-Fi is chosen as the wireless communication protocol to

communicate between the mobile app and Wemos.

1.5 Project Outlines
The outline of each chapter is as follows:

Chapter 1 Introduction — This chapter briefly discussed about what is DMS and the
importance of DR to the power system with a high penetration level of RES. Then, it

states the objectives and scope of the project.

Chapter 2 Literature Review — This chapter includes previous studies that are related to
DR. It starts with explaining what DR and the type of DR programs are, then, it mentions
the benefits of DR and enabling technologies for DR. Furthermore, it includes the

comparison between different DR system.

Chapter 3 Methodology — This chapter focus on explaining the design of the DR system
and the steps needed to develop the DR system which includes the hardware development
stage and software development stage. The required components are listed in the

hardware development section and the needed software to develop the programs is

mentioned in software development section.

Chapter 4 Results and Discussion — This chapter shows the outcome of the DR system
which include the mobile application, websites, program of microcontroller and hardware

prototype. The user interface and function of the mobile application is shown and
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