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ABSTRACT

A Home Energy Management (HEM) system plays a crucial role in realizing residential Demand Response
programs in the smart grid environment. It provides a homeowner the ability to automatically perform
smart load controls based on utility signals, customers preference and load priority. The HEMSs
communication time delay to perform load control is analyzed, along with its residual energy
consumption. The main aim is to design how each load performs when being controlled by the HEM unit
and measure electrical measurements for the different loads. Demand response (DR) is defined as changes
in electricity use by demand-side resources from their normal consumption patterns in response to changes
in the price of electricity. HEM system comprises an HEM unit that provides monitoring and control
functionalities for a homeowner, and load controllers that gather electrical consumption data from selected
appliances and perform local control based on command signals from the HEM system. A gateway, such
as a smart meter, can be used to provide an interface between a utility and the data base for the electrical

consumption is maintained and by use of an LCD screen that displays all the readings of different loads.
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Chapter 1: INTRODUCTION

1.1 Background

A smart home is a designed structure with sufficient access to assets, communication, controls, data, and
information technologies for enhancing the occupants’ quality of life through comfort, convenience,
reduced costs, and increased connectivity [2]. The idea has been widely acknowledged for decades, but
few people have ever seen a smart home, and fewer still have occupied one. A commonly cited reason for
this slow growth has been the exorbitant cost associated with upgrading existing building stock to include
“smart” technologies such as network connected appliances [3]. A smart home functions as a switchboard
for data flow among appliances and participants such as the end user, the electric utility, and a third-party
aggregator. Looking outward, a smart residential building has two-way communication with the utility
grid, enabled by a smart meter so that it can interact dynamically with the grid system, receiving signals
from the service provider and responding with information on usage and diagnostics [3]. Looking inward,
a smart home employs automated home energy management (AHEM), an elegant network that self
manages end-use systems based on information flowing from the occupants and the smart meter. The
value of AHEM is in reconciliation of the energy use of connected systems in a house with the occupant’s
objectives of comfort and cost as well as the information received from the service provider. Sensors and
controls work together via a wireless home area network (HAN) to gather relevant data, process the
information using effective algorithms, and implement control strategies that simultaneously co-optimize
several objectives: comfort and convenience at minimal cost to the occupant, efficiency in energy

consumption, and timely response to the request of the service provider and the smart meter [4].

Home energy management system is the minimal unit of smart grid, which is a new generation of
information technologies such as Internet of Things, cloud computing, mobile Internet, and big data,
combined with the household as a carrier to achieve a low-carbon, healthy, intelligent, comfortable, and
safe family lifestyle [2]. By combining distributed power technologies such as household photovoltaic and
energy storage, it flexibly controls various household appliances and realizes an intelligent mode of

electricity and energy use.

HEMS is an intelligent network control system based on smart grid, smart home, and smart meters. It is

also a monitoring and data collection application for energy management systems, covering power grid

1
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