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H I G H L I G H T S

• Two demand response programs are proposed.

• The developed program at the supplier side depends on purchasing MW from the customers.

• The ‘‘i-Energy” management technique at the customers’ side is applied.

• The renewable energy resources at the customers’ premises and smart meters are used.

• The percentage benefits achieved by the commercial/industrial users are studied.
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A B S T R A C T

Integration of different energy resources at the customers’ premises in recent years, advances in Information and
Communication Technologies (ICT s), and Advanced Metering Infrastructure (AMI ) systems are becoming at-
tractive tools for developing new real time demand response at the supplier side and the management of energy
resources at the customers’ side. The management programs can be classified as; smart grid management from
the supplier side and intelligent Energy, ‘‘ −i Energy”, from the consumer energy management side. There are two
types of programs; (i) time based program like real time pricing and (ii) incentive based demand response. A
combination of these two programs is proposed in this paper with the merged program to be real time with
incentive demand response. The time based demand response programs can be improved by using smart me-
tering infrastructure and different resources. The incentive demand comes from the feasibility of providing new
concept known as ‘i-energy’ at the customers’ sides. To achieve this, Smart Meters SMs( ) and different resources
at the customers’ premises using this concept are applied. By integrating different resources at the customers’
premises, using the i-energy concept, can change the limitation given in the time based program. The first
developed program at the supplier side depends on purchasing MW from the customers who participate in the
program. The second contribution is the ‘‘ −i Energy” management technique at the customers’ side that is based
on congestion and potential games through strategy of load control using different resources. Revenue for dif-
ferent participants in the program from the commercial and industrial sectors, at different levels of reduction and
different usage of different resources, is discussed.

1. Introduction

Nowadays, there are two concepts for smart system; the first con-
cept is the ‘‘ −i Energy” for smart demand side energy management, the
second is the smart grid. The first one concerns the energy management
from the consumers’ view point while the second term concerns the
suppliers’ view point. The first concept of ‘‘ −i Energy” is explained in [1].
The idea of using advancement of information and communication
technologies (ICT ) in ‘‘ −i Energy” is to improve energy management
similar to the smart grid. However, the concept of ‘‘ −i Energy” differs

largely from the smart grid. Fig. 1 shows the two concepts of nowadays
and future for the smart grid demand response and ‘‘ −i Energy” demand
management. The aim of smart grid systems is to make the balance from
the supplier point of view with robust and flexible demand response
programs. The paper will provide real time incentive program using
smart meters and reliable calculation. However, the supplier then re-
quests the consumers to reduce the power and control the balance. So,
there is the need for how the customers can control their power and
getting the balance. The ‘‘ −i Energy” systems can manage appliances and
distributed power generation/storage devices at the consumer’s side [1].
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The ‘‘ −i Energy” systems enable consumers to become prosumers. So, the
paper will provide ‘‘ −i Energy” management from the demand point of
view.

The reasons why we focus on both the demand response program
and demand-side energy management are as follows:

• No robust dynamic response program using smart meters in real
time as an incentive program.

• Demand response from the supplier systems is not
enough and consumer demand management systems should be de-
veloped at the same time.

• There are many different resources at the demand sides and they can
manage their balancing with economic matter.

• At the demand, everyone can improve his live at a reasonable cost
with the available different resources.

• The demand side management should be taken with the recent two-
way digital communication infrastructure.

• The need to smart infrastructure including smart meters, commu-
nication networks, data collection and energy resources manage-
ment systems.

The measures sponsored are referred as demand-side management
that can be funded, implemented by utilities to change the end user
consumption pattern. The demand reduction can be done through en-
ergy efficiency or utilizing load management [2–6]. The traditional grid
is serving the people many decades and the increasing population and
energy demand have exhausted it. Also, the large number of electric
appliances can cause system instability. During peak periods, there is
very steep peak with the demand curve of the traditional grid due to
heavy loads accumulation. This situation leads the Electricity Utility
companies to rely on very expensive peak plants in order to solve the
problem of peak demand. The emerging of bidirectional smart metering
communication, networking and information control technologies for
monitoring and supervision of power systems will help demand re-
sponse in smart grid system. This integration will help more automa-
tion, reliability of electrical services, security of electrical equipment
and ultimately assist the consumers’ benefit level. The Energy

efficiency, reliability, and different energy resources integration are
essential issues to enhance the stability of power system infrastructure.

The smart meters rollout plays an essential role for the world to
transfer to low carbon economy. Authors in [2] presented an autono-
mous demand side management program/strategy for users by using
the two-way digital communication infrastructure. It can assist pro-
viding −long term challenges for getting a secure and sustainable energy
supply. The potential to transform consumers’ relationship to smart
meters with energy is addressing considerable benefits for
energy industry. Generally, for delivering a range of applications by
smart metering solution, an infrastructure comprising smart meters,
communication networks, data collection and management systems is
needed.

The process of scheduling the loads using load management is to
maximize the demand and also to reduce the electric energy consumption.
Consequently this will optimize the processes and loads that improve the
system load factor. Many methods of load management may be followed by
an industry, company or a utility. Examples for load management are
load shedding and restoring, control reactive power, installing energy
efficient processes and equipment, load shifting, energy storage devices,
co-generation and non-conventional sources of energy. Procedures of
load management can involve changes to equipment and also the
consumption patterns on the consumer side [7].

The mechanisms of load management provide customers with the
option to curtail or avoid central station electricity during peak hours. The
power prices rise according to the demand of the power. Signals based
price can alert consumers by changing prices, allowing them to respond by
managing electricity consumption during the peak hours that also corre-
spond to the highest electricity costs.

The authors in [3] provided an optimization based real time de-
mand response model to adjust the hourly load level of a given con-
sumer according to hourly electricity prices. A simple bi-directional
device to exchange data between utility and consumer is used. How-
ever, smart grids offer benefits compared to the current power grid by
using recent technologies of smart meters and new demand response
schemes.

In [8], the authors have discussed the Optimal Stopping Rule (OSR)

Fig. 1. Smart grid and i-energy management
system with ICT [1].

M.M. Eissa Applied Energy 212 (2018) 607–621

608



https://isiarticles.com/article/91063

