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Fusion of Information and Communication Technologies (ICT) in traditional
grid infrastructure makes it possible to share certain messages and
information within the system that leads to optimized use of energy.
Furthermore, using Computational Intelligence (CI) in the said domain opens
new horizons to preserve electricity as well as the price of consumed
electricity effectively. Hence, Energy Management Systems (EMSs) play a
vital role in energy economics, consumption efficiency, resourcefulness, grid
stability, reliability, and scalability of power systems. The residential sector
has its high impact on global energy consumption. Curtailing and shifting
load of the residential sector can result in solving major global problems and
challenges. Moreover, the residential sector is more flexible in reshaping
power consumption patterns. Using Demand Side Management (DSM), end
users can manipulate their power consumption patterns such that electricity
bills, as well as Peak to Average Ratio (PAR), are reduced. Therefore, it can be
stated that Home Energy Management Systems (HEMSs) is an important part
of ground-breaking smart grid technology. This article gives an extensive
review of DSM, HEMS methodologies, techniques, and formulation of
optimization problems. Concluding the existing work in energy management
solutions, challenges and issues, and future research directions are also
presented.

© 2021 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

resources and carbon emissions, etc.) (Razmjoo et
al,, 2020). Traditional or conventional grid structure

Electrical energy is becoming an integral part of
life and is unique in nature due to its ever-growing
demand (Yao and Zang, 2021). To meet such ever-
increasing demand, the interconnection between
power grids has developed extensively (Liu et al,
2020). This results in a complex power system
structure, which must perform highly dynamic and
near to unpredictable operations (Akrami et al,
2019). However, the usage of non-renewable power
generation sources (fossil fuels) raised certain
concerns regarding secure and reliable power supply
along with many other problems (limited natural
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struggles, as the rapid rise in power demand, results
in excessive power transportation without giving
enough time to modify existing power distribution
infrastructure. Such systems are centralized and
offer one-way power flow (Mishra et al,, 2020). With
the passage of time, new power connections are
adding rapidly, having a huge diversity of loads and
this makes traditional power systems highly
vulnerable to frequent failures (Haes Alhelou et al,
2019; Abedi et al., 2019). The connections based on
non-linear loads deteriorate the quality of the power
supply due to the non-harmonic supply curve (Pires
et al, 2019). High PAR of power consumption curve
results in huge losses to utilities as well as
discomfort to users due to intermittent supply
(blackouts) (Afzalan and Jazizadeh, 2019). To meet
demands, traditional power grids use more non-
renewable sources to produce electricity and result
in more carbon emissions (one major cause of global
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warming) (Rehman et al, 2019; Chen et al., 2019;
Sama et al.,, 2019b).

Answer to the said (but not limited to these)
problems lies in taking the help from advancements
of ICT (Humayun et al., 2020b; Molokomme et al.,
2020) and Computational/ Artificial Intelligence
(CI/AI) (Tsai et al., 2014; Ali and Choi, 2020). Such
layout of a power system gives birth to the smart
grid paradigm (Al-Badi et al, 2020; Dileep, 2020).
Smart grid is the future of power generation and
distribution that opens new gateways for cutting
edge technologies (automation and harnessing the
potential of ICT that offers two-way communication
between supply and demand-side) (Saad et al., 2019;
Saponara et al., 2019; Ali and Choi, 2020; Zen and Ur-
Rahman, 2017). These features add a remarkable
raise in reliability, security, and power efficiency
(Farmanbar et al, 2019). Moreover, shifting from
non-renewable to renewable sources is a gradual
process that ultimately tends to address global
threats (Belaid and Youssef, 2017). Further, the
advent of Electric Vehicles (EVs), Smart Homes, and
Smart Appliances gives a big opportunity to solve
energy efficiency problems (Sovacool and Del Rio,
2020; Bhati et al., 2017).

Mainly, smart grid enables efficient use of cutting
edge technologies in a conventional grid structure

. Remote Location :Islanded Mode

that tends to enhance operational stability, security,
and resilience along with self-healing to improve
environmental and economic aspects (Kim et al,
2019; Moretti et al.,, 2017).

Fig. 1 illustrates a vision of the near-future power
sector within a smart city. The access of real-time
data and information regarding power production
and supply plays a huge role in power consumption
manipulation. And to achieve normalized demand
and supply processes, end-users must actively
participate in managing their load in the guidance of
information provided by utilities or the grid. This
thinking evolved the concept of widely appraised
DSM that affects the supply side by normalized PAR
and have high impacts on the economy of end-users.

ICT plays a vital role and can be stated as the
backbone of the smart grid by sharing real-time
critical information amongst utilities and end-users.
This helps in automating control and taking
measures before time. Using ICT, traditional relays
and electromechanical protective instruments are
replaced with sensors and Intelligent Electronic
Devices that can communicate, and at times, make
localized decisions. The centralized power grid is in
the process of decentralization by now. Table 1
represents a short comparison between the smart
and conventional grids.

Future power sector

Green and clean energy
Self monitoring and healing
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Fig. 1: Future power sector
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2. Demand response programs

As stated earlier, a conventional grid is choking
and needs to increase its lace length to meet ever-
increasing power demand. Merging ICT and CI gives
a fresh breath, while the concept of DSM is based
upon these features. Besides advocating users to
take an active part in the power sector, DSM also
appraises distributed power generation sources
(Arteconi et al., 2017; Sarker et al., 2021). To prevent
line losses due to distant transportation of power,
localized small-scale power generation plant/s
(capable of handling local load based on forecasted
demand) is a vital solution. DSM deals with
everything on the demand side of the power sector
and is dependent on the response of the customer.
To get positive responses from end-users, the
concept of Demand Response (DR) programs
emerged. Numerous DR programs are developed to
attract end-users. Utilities urge end users to take an
active part in provided DR strategies by offering
financial incentives. The required permanent results
are global in nature, i.e., attaining energy efficiency.
Considering weeks and days, Time of Use (ToU) and
basic DR programs are focused to optimize demand-
side electricity consumption patterns. ToU is related
to the pricing mechanism that tends to give
incentives regarding the use of power at low-priced
hours. Low-priced hours are times, where electricity
is in abundance and can be provided easily, however,
during peak demand hours, the price is kept high
normally. This is a major aspect due to which, end
users reschedule their loads. DR programs, often do
not contribute to minimizing electricity usage, but
advocate altering power usage patterns in order to
minimize the rebound effect. The rebound effect is
due to ambiguity in desired or forecasted demand
which in reality is more than evaluated. It is also a
major cause of differences between actual and
laboratory results considering any specific EMS.
There are mainly two kinds of DR programs as
explained in Palensky and Dietrich (2011) i.e, DR
based on incentives to users and DR based on ToU
and can be seen in Fig. 2 as well and Fig. 3 shows
generic HEMS architecture. Mentioned DR programs
are a few out of many, however, these are more
appraised in literature.

¢ DR programs based on incentives:

e Direct Load Control, in which utility company
enjoys decision power of user power consumption
processes, a user has to pay fewer bills.

e Curtail-able rates, where Users involve themselves
with scheduled sheds regarding electric load.

e Emergency DR program, where volunteer users
give response to emergency situations.

e Demand bidding programs, in which users bid for
an attractive tariff of load curtailing.

¢ DR programs based on time:

e ToU rates: Fixed and predefined rates are applied.
Critical Peak Pricing: Reward users for reducing
load.
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e Real-Time Pricing: Real-time changes in price are
forwarded to users.
e To support these DR programs, there is a cushion
of “power reserves” to deal with abrupt changes in
power demand. These power reserves can be
storage devices or small-scale Renewable Energy

Sources

(RES)
(Distributed Energy Resources

or a

combination

of both
(DER)). An

extensive review of DSM tools is presented in
Hussain et al. (2020), Sarker et al. (2021), Tang et
al. (2019), and Khan (2019).

Table 1: Traditional Vs smart grid

Feature Smart Grid Traditional Grid
Generation Distributed Centralized
Restoration Self-healing Manual

real-time
monitoring and Extensive Inadequate
surveillance
Reaction time Quick Slow

Blackouts

Technology
Communication
Backup plans
Control
Coordination
Faults and errors

Security

Power quality

DER

tends to reach
islanded mode,
Adaptive
Digital
Two way (power
and data)
Energy Storage
Increased
customer
participation
Focus on
prevention
Resilient to attacks
issues identified
and solved prior to
manifestation
Towards Plug
and Play

can choke due to
excessive demand

Electromechanical
One way (power
only)

No energy Storage

Control by Utility

Give response after
occurring

Vulnerable to attacks

Slow response

Problems in
connecting

3. Residential energy management systems

Global power consumption can be categorized

into two major aspects i.e., industrial and residential.
Industrial includes production units, transports, and
other business-oriented buildings that must follow
strict schedules and timelines. Whereas, in
comparison, the residential sector has more
flexibility in energy consumption patterns.
Considering only the US, residential buildings
consume more than 37% of the energy consumed,
out of which 30% is due to household electrical
appliances (Derakhshan et al., 2016).

Incentive Based
1. Direct Load Control (DLC)
2. Curtailable Rates
3. Emergency DR programs
4. Demand bidding programs

DR Programs

Time based
1. Time of Use (ToU) Tariff
2. Critical Peak Pricing (CPP)
3. Real Time Pricing (RTP)

Fig. 2: Major DR programs
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Fig. 3: Generic HEMS architecture

Tolerable power usage patterns of residential
units invited scientists and engineering industries to
think of solutions that can optimize the use of power
in the residential sector. Research, as well as
engineering industries, has led to the upgradation of
the traditional grids into the smart grids with
enhancements of computing and communicating
capabilities. Other characteristics involve user-
friendliness, resilience to attacks, self-healing and
tends to accommodate distributed power generation
sources along with multiple power storage options
(Almusaylim et al, 2020). Today, AMI, electricity
managers (PMC) and HANs are in the process of
integration in power grid infrastructure. AMI
measures the power consumption with respect to
time. This measurement is communicated via HAN to
electricity users (for effective power usage
purposes), whereas PMC manages and computes the
received data to provide optimum electricity usage
patterns. Meeting power demand resourcefully is the
basic concept in energy management.

Controlling and influencing power demand tends
to clip peak load and reshape demand profiles, thus
increase smart grid sustainability. There are
numerous management strategies, however, some of
the most outstanding tact’s are scheduling load with
respect to the demand curve, consumption peak
clipping, power conservation, and flexibility in load
usage patterns. Advertising “day ahead per hour
price” of electricity is a major pricing mechanism and
shifting electric load to low-priced hours is a
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promising solution to lower electricity bills and
lower PAR. In this article, the residential sector is in
focus, and manipulating electricity usage within a
smart home for optimality in energy consumption is
a major concern.

3.1. Architecture and tasks

The generic system architecture is illustrated in
Fig. 3. A major component of basic HEMS
architecture is Power Management Controller (PMC)
which is also called the Smart Scheduler or Energy
Management Controller in literature. PMC is
responsible for monitoring and controlling smart
appliances. A Computational unit creates load usage
schedules with respect to load, ToU, and price signal
or information from the utility. Smart meters also
have computational capability to some extent. Hence,
smart schedules can be made within the smart
meters. Smart meter receives price signal from the
utility company (Haider et al.,, 2016), and in response
to this price signal, the load is shifted to low-priced
hours. A recent development is the use of EVs for
balancing the load. EVs act as a smart appliance for
transportation, and during crucial hours they can
also be used as an alternative power source (Zhao et
al., 2016b). Besides Energy Storage Systems (ESSs),
RES is highly appreciated in the power industry.
ESSs play vital role in provision of system reliability
and efficiency (Mesari¢ and Krajcar, 2015; Missaoui
et al, 2014). To retain maximum benefits, HEMSs
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have to be more flexible in the management and
control of smart appliances, ESSs, and associated
RES (Sehar et al, 2016; Olatomiwa et al., 2016;
Gholinejad et al, 2020). These control and
management services include real-time information
regarding the amount of power consumed along with
the price at ToU (maintaining a log) and providing
human-machine interaction to optimize load in
terms of user preferences and requirements (Samadi
etal, 2020).

3.2. HEMS: Generic components

HEMS is the composition of multiple components
that work in a joint manner to yield required results.
As discussed earlier, PMC is the heart of HEMS.
Besides PMC, there is a smart meter that receives
information from the utility company and sends this
information to PMC. In the same fashion, smart
appliances within residential unit transmit and
receives control signals from PMC. Networking and
communication amongst these components must be

-

Smart Appliances
Appliances with ICT,
Dual natured Appliances (Power

Bank, Storage Devices, etc.)

Smart Meters
M2M communication between
demand and supply side, Major

component in DR programs.

Power ManagementController

Controls all other components of HEMS

robust (Missaoui et al., 2014). Fig. 4 illustrates key
players involved in generic HEMS. Major factors
involved are:

e Local generators: Small scale power generation
plants whose produced power can be utilized
locally or injected into the main course of power by
SG.

e Smart appliances: Which are capable of
communicating besides. Hence, can be controlled
remotely.

Sensors and communication network: To sense
attributes within the residential unit. Used to
control and monitor power consumption and smart
appliances.

Storage devices: Take an active part in enhancing
the flexibility of HEMS and user convenience.
Energy managers: Often in literature termed as
power/energy management controller,
computations and time allocations to load are
conducted here.

~

Communication
Infrastructure

RenewableSources/ MG

Green house gas emission
reduction, preserve fossil fuels,

cheaper and greener energy

Major component in an EMS,
ZigBee, Zwave, blue tooth, wifi
etc.

Fig. 4: Major components of HEMS

3.2.1. Smart meters

The basic purpose of meters is to measure
consumed electricity and based on the readings,
electricity bills are calculated. In addition to this,
smart meters have the capability of two-way
communication (between utility and users) along
with computational power (Manic et al., 2016; Zhao
et al, 2016a). Due to additional information, end
users are able to devise optimal decisions regarding
load shifting for economic and other benefits (Albu
et al, 2016; Bahmanyar et al, 2016; Sama et al,
2019a). A smart meter is the blended version of the
latest techniques of computer science and
instrumental and measurement units (Borges et al,,
2015; Shateri et al., 2020; Alquthami et al., 2020;
Alkawsi et al.,, 2021). Hence, smart meters are the
foundation of EMSs. Additional attributes of the
smart meter comprise increased computational
capabilities and communication channel capacity.

Major functionalities of smart meters can be
stated as:

e Two-way real time information communication,
Measuring and calculating the amount of energy
used,
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e Demand and Response information-sharing
regarding load consumption, and

e Data collection regarding other
services.

value-added

3.2.2. Communication infrastructure

Considering sensing infrastructure different
standards and protocols have been adopted for
HEMS (Avancini et al., 2019; Sharma and Saini, 2017;
Hu and Li, 2013; Humayun et al., 2020c). Major of
which are Power Line Communication (PLC) (Saha et
al, 2016), ZigBee (IEEE 802.15.4) (Avancini et al,
2019), Bluetooth (Hu and Li, 2013), WiFi (IEEE
802.11)(Humayun et al. 2020c), along with human-
machine interface Systems (Sharma and Saini, 2017).
Authors in Saha et al. (2016) suggested using PLC in
conjunction with smart meters as it is more
appealing to preserve electricity on the demand side.
IEEE 802.15.4 based ZigBee Alliance is utilized in
HEMS in reference (Avancini et al, 2019). This
research used tiny sensors and actuators to
accomplish different tasks resulting in efficient
HEMS. In Hu and Li (2013), authors proposed a
Home Area Network (HAN) based on Bluetooth
technology that is used in electrical appliances and
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communication modules to minimize electricity
usage. HEMS by using Human-Machine Interface
Systems is proposed in Sharma and Saini (2017). The
author proposed five major interfaces in his
designed system as “Application Processor,
Communication Interfaces, User Interfaces, Sensor
Interfaces, and Load Interfaces”. Considering the
ease of availability, complexity, and initial
investment, ZigBee seems a better option. Properties
like low power, low range, wireless connectivity, and
ease of access across the globe have given ZigBee a
prominent place in the field of sensor networks for
many applications.

Major Communication protocols used for HEMS
are:

= PLC (Saha etal,, 2016)

= ZigBee (Avancini et al., 2019)

< Human-Machine Interface Systems (Sharma and
Saini, 2017)

« Bluetooth (Hu and Li, 2013)

« WiFi (Humayun et al. 2020c)

 BACnet, Z-wave, etc.

3.2.3. Electric appliances at the demand side

Categorizing electrical appliances in HEMS is a
vital aspect to limit electricity bills. Normally, in
literature, household electrical appliances are
categorized into two major classes i.e., schedulable
or non-schedulable. Schedulable appliances refer to
those appliances that do not need the ultimate
attention of the user and can be automated to switch
on or off. While non-schedulable appliances are
those which need proper user attention in their

usage. Given the major categories, appliances are
further subdivided into interruptible, non-
interruptible, and thermostat-controlled in
literature. Interruptible and thermostat-controlled
groups of appliances fall in the schedulable class of
appliances. The appliances that fall in the non-
schedulable class, can be programmed to minimize
electric load usage and electricity bills (Fletcher and
Malalasekera, 2016) up to user comfort level. Table 2
shows process cycle: Energy management system.

3.2.4. Special electrical appliances

There are some appliances that have dual nature.
These appliances can behave like a simple power-
consuming appliance at a time, and at other times,
these may behave as an Alternate Energy Source
(AER). Power Bank or ESS may store energy at low
demand hours when the electricity price is low or
from renewable sources and act as AER at high
priced hours. The stored energy tends to avoid load
peaks on the grid side and minimize electricity bills
on the demand side. Integrating such dual-natured
appliances in EMSs is a complex task and numerous
approaches are investigated in the literature.
Considering the current era, another appliance that
has taken the role of the power bank is EV. EVs are a
step ahead in the global objective of minimizing
carbon emissions. Besides minimizing carbon
emissions, these EVs can also perform as power bank
or energy transportation systems and have a
diversified role in the future power systems as
expressed in Rasheed et al. (2015), Nunna et al.
(2016), and Kempton and Letendre (1997).

Table 2: Process cycle: Energy management system

Step  Component/Actor Task/Description
1 EMS Idle state waiting for notification from the utility
2 Utility company Notifications regarding price and response are issued
3 AMI Receives signal from utility and forward to PMC
4 PMC PMC receives the signals from AMI and response is devised, control consumption according to signal. The
response is devised by using optimization techniques or other methods.
After a devised response, it implements it using HAN and sends a signal back to the AMI system i.e., the load
5 PMC . .
dropped to required (x%) as informed.
6 AMI Receives signal from PMC and forwards it to utility.
7 EMS The EMS is restored to the pre-event state.
3.2.5. PMC e Tackle scalability issues regarding the number of

The brain of any EMS is its controller. PMC is
responsible for energy management. Data from
sensors, smart meters and appliances are gathered
at this core module to get the desired output in form
of efficient load scheduling to reduce power
consumption and ultimately electricity bills. Major
functions of PMC can be represented as Humayun et
al. (2020a):

e Receiving Bulk of data from appliances, sensors,
and smart meter, transmitting control signals to
fully automate DR program

e Real-time Human-Machine interface (monitoring,
force starting/ stopping an appliance, etc.)
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appliances with different parameter settings

e Ensure cooperative and optimized power
consumption from smart grid and AERs (if
installed) etc.

To meet the ever-growing electricity demand,
research, as well as engineering industries, has led to
the upgradation of the traditional grid into a smart
grid with enhancements of computing and
communicating capabilities. Other characteristics
involve user-friendliness, resilience to attacks, self-
healing and tends to accommodate distributed
power generation sources along with multiple power
storage options (Almusaylim et al., 2020; Zhao et al.,
2013). Today, AM], electricity managers (PMC), and
HANs are in process of integration in power grid
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infrastructure. =~ AMI  measures the power
consumption with respect to time. This
measurement is communicated via HAN to
electricity users (for effective power usage

purposes), whereas PMC manages and computes the
received data to provide optimum electricity usage
patterns. Meeting power demand resourcefully is the
basic concept in energy management.

Controlling and influencing power demand tends
to clip peak load and reshape demand profiles, thus
increase smart grid sustainability. There are
numerous management strategies, however, some of
the most outstanding tact’s are scheduling load with
respect to the demand curve, consumption peak
clipping, power conservation, and flexibility in load
usage patterns. Power consumption peak trimming
focuses on lowering PAR and result in Direct Load
Control (DLC) strategy. DLC advocates that control of
power for a residential unit rests with utility and it is
turned off or on, considering the load curve.

3.2.6. Generic HEMS process cycle

One of the most widely accepted and effective
answers is shifting of load from high-priced hours to
low-priced hours, in other words from high-demand
hours to low-demand hours. There are loads that are
flexible in their operations. To shift these loads on to
low demand hours is one vital solution. Mainly,
sensors, optimization techniques, and a combination
of sensors and optimization techniques are the
foundations of devising any HEMSs in literature.
HEMSs need HANs and utility AMI to respond to the
commands or information concerning grid stability
and other socio-economic factors. Major steps
involved in HEMS are depicted in Table 2.

HEMS after installation waits for the notifications
from the utility. These notifications may be
regarding the electricity tariff of the instance or
asking to curtail load at some specific time. Once,
utility company issues its notifications, the smart
meter receives and forwards to PMC for devising a
response. This response is devised by using any one
of numerous techniques and tools, mostly
optimization algorithms. After the response is
planned, it is activated by using HAN that informs
certain appliances to stop or shift their operations. If
there is an AER then, the load is shifted on that
source (in case of curtailing in demand notification).
The response is transmitted to AMI, informing the
current status which is further forwarded to the
utility. Once, that process completes EMS again rests
in an idle state waiting for the next notification from
the utility company.

4. Role of HANs in HEMSs

In this era of the Internet of Things (IoT) and Big
Data, sensor networks are considered as a backbone.
The role of sensors/sensor networks is obvious in
almost every domain of life and science. Considering
the Smart Grid domain, sensors are helpful in:
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e Power generation system: Voltage and current

sensing, temperature and moisture sensing,
continuity and phase sensing, distributed
generation sensors.

e Power distribution system:

o AMI systems

e Smart capacitor sensors that can control

capacitor storage remotely
o HT voltage line temperature
* sensors
¢ Smart homes

Fig. 5 shows power management using sensor
networks.

Optimal Turning on/
off appliances

Indoor
Temperature
Sensor,

Occupancy

Sensor
Optimum lighting PC
Lighting

Sensors

Improved thermal
comfort/ Energy
Efficiency

Environmental

Sensor
Optimal switching-
Water pump

Fig. 5: Power management using sensor networks

Water
Jemperature
Sensor

sensor

Optimum Electric
Water Heater usage,

Etc.

Two major roles of sensor networks in HEMSs
can be stated as:

« Providing communication infrastructure
= Provide assistance in energy optimization

Fig. 5 depicts optimized power consumption
using sensor networks. Considering HEMSs,
communication is the vital source that enables
monitoring and controlling remotely. Home
automation or appliance automation is not possible
without  underlying communication systems.
Advancing  towards smartness in  energy
management, two features are needed regarding
communication networks, i.e., device control and
energy management (Zhao et al,, 2013). Ubiquitous
networks open new horizons of research in almost
every field of life. HEMS is also a major user of such
networks. Authors in Zhao et al. (2013) presented a
novel control architecture for intelligent and
automated home networks. User convenience and
energy savings are the major points of concern in the
proposed architecture.

Machine to Machine (M2M) communication is
cutting-edge technology. Authors in Yao et al. (2015)
explained the integration of M2M technology in
HEMSs. The authors proposed a network design, that
collects power demands from home appliances, and
then clusters are formulated for efficient HEMS
traffic. To reach the optimum result of energy and
cost savings, a dynamic programming algorithm is
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applied that ensures minimal power consumption
and electricity cost of a residential unit.

An intelligent HEMS is proposed in Avancini et al.
(2019) that enhances user comfort along with
cutting excessive power consumption and bills. The
proposed system is distributed in nature and a Multi-
agent system is utilized, assigning different tasks to
different agents. Using sensor and actuator
networks, the authors proposed a new routing
algorithm (Disjoint Multi Path-based Routing), which
is tested on a real-time testbed. Han and Lim (2010)
presented an investigation regarding remote
monitoring and control of smart microgrids using
IEEE802.15.1. The proposed system uses a
Photovoltaic (PV) system as RES, which further can
be extended to other renewable sources as well. The
authors suggested Bluetooth technology for home
applications considering its high penetration and
ease of access in the market globally. Moreover, the
authors developed an “experimental demonstrating
tool” to analyses micro grid behaviors. The prototype
uses the ATMEGA28P micro-controller, whereas,
three power sources are considered i.e., grid, the PV
system, and ESS. The power source selection is based
on sensed data and optimal switching between
power sources is conducted accordingly to the
problem of inconsistent DR due to end-user needs
and comforts regarding the use of appliances. The
authors tackled this situation by devising a mixed-
integer quadratic problem for thermostatically
controlled appliances, which presents different
choices regarding appropriate strategy (cost and
energy savings) for the user. However, it can be
more efficient if, the predicted results of each
strategy are also communicated to the end-user.

Within the vicinity of smart homes, there are
many devices that are not smart and are
considerable contributors to energy usage. Lee et al.
(2016) gave a study for such legacy appliances and
proposed a “nonintrusive load monitoring (NILM)”
component that is capable of integrating legacy
appliances by mining data from power
measurements. A novel HEMS architecture based on
ZigBee communication protocol is presented in
Kaczmarczyk et al. (2016). Proposed model results
in the reduction of greenhouse gas emissions with
minimal electricity Dbills. Load scheduling is
conducted by prioritizing the household load in
three groups. Furthermore, the proposed model is
capable of extending up to a large-scale micro-grid
that will be more effective in carbon Use of HANs in
HEMS raise questions on personal information
security. To solve the issue, authors in Niyato et al.
(2011) presented “secure HAN-centric Smartgrid
logical architecture”. Load shifting is a promising
solution that lowers PAR and electricity bills. To
maintain user convenience, home appliances are
categorized and scheduled in many ways as can be
seen in Cetin et al,, (2014) and Chavali et al. (2014).
Authors in Jhanjhi et al. (2018) pointed out emission
reduction and preserving energy generated by fossil
fuels.
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5. Role of optimization techniques in HEMSs

Power generation, though is not more than a
century old entity, however, each element of the
power system requires cutting edge solutions as
electricity is becoming an integral part of life. Power
system, from generation to distribution and then
consumption is a complex task that needs to be
optimized at each level.

The domain of optimization in applied
mathematics is one of the most diversified subjects.
Mainly two types of optimization techniques are
discussed as traditional techniques and Artificial
Intelligence based solutions. There is also an
integration of these two techniques that tends to
solve more complex problems and tends to give
more optimum solutions. Fig. 6 illustrates major
optimization techniques which can be divided into
three classes i.e., traditional optimization techniques,
Artificial intelligence-based, and distributed-natured
optimization algorithms. Distributed optimization
techniques ensure decentralized control which is
more feasible for distributed or networked grid
infrastructure considering power domain. Whereas,
Fig. 7 illustrates different optimization techniques.

Focusing on any problem, if we tend to solve it
using multiple techniques simultaneously, the
answer will be more or less the same. However,
achieved results have certain attributes as
convergence time or time spent to reach that
solution along with robustness and reliability. Every
problem has its own merits and requirements and
based on requirements, the optimization technique
is utilized.

Considering most of the optimization problems,
there are predefined limits, and the solution lies
within these boundaries. Typically, a single objective
of achieving maxima or minima is to be calculated.
This simple case is termed as Single Objective
Optimization, while, if the problem has multiple
objective functions then such optimization is known
as Multiple Objective Optimization.

Concerning energy management solutions,
operation monitoring, power stabilizing and load
schedules are the major optimization tasks. Fig. 6
illustrates a few major optimization tasks in the
domain of HEMS.

Jacob et al. (2020) presented a “fuzzy TOPSIS
decision-making” mechanism following a real-time
pricing scheme to shift appliances efficiently. The
proposed system, “fuzzy TOPSIS decision-making”,
gives an assessment of power consumption of
multiple power users and directs for optimum
energy distribution. HEMS is proposed in Bae et al.
(2014), which is based on binary particle swarm
optimization and the major concern is to curtail
partially interruptible loads within a smart home.
The proposed scheduling mechanism takes care of
voltage profile as well as user power demands.
Subbiah et al. (2013) defined “Energy Demand
Models” to generate individual demand profiles of
users, based on their power consumption patterns.
The proposed model is associated with appliance



Mahmood et al/International Journal of Advanced and Applied Sciences, 8(7) 2021, Pages: 50-66

usage and computes power consumption with
respect to the duration of the operation.

Networks are utilized in the proposed load
prediction model (Subbiah et al, 2013). Proposed

heuristic-based “NSGA-II” scheduling solution leads

to limit electricity bills as well as consumed energy

for end-user and utility respectively.

(emrston )

ptimization Tasks

Decision Making ‘ ’
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Load Shifting ‘
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Energy Storage
Optimization
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energy

Microgrid
optimization

transportation

Fig. 6: Optimization domains in HEMS
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Fig. 7: Classification of optimization techniques

A real-time scheduling mechanism for smart
appliances is discussed in Whiffen et al. (2016). The
authors suggested a trade-off between expected bills
and uncertainty in electricity costs using
“conditional value-at-risk”. To compute the output of
the electricity storage device, a Fuzzy logic controller
is used and two rules are formulated regarding
charging and discharging of the storage device.
Electricity  tariff, environmental and water
temperature, PV generation, and load demand are
taken into account stochastically. THE proposed DR
program is able to decrease the cost of electricity
consumed. Authors also claim to minimize the gap
between forecasted and actual electricity costs.

In Fletcher and Malalasekera (2016), a
distributed framework is proposed that minimizes
the electricity cost. To attain optimum load pattern, a
greedy iterative algorithm is applied on smart home
appliances. Moreover, to avoid force start problems
in a real-time environment, a plenty term is used
that charges predefined plenty on those users who
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make large changes in prescribed schedules. The
proposed model results in lower bills, lower power
consumption, and lower power fluctuations.

An automated DR framework is presented in
Rasheed et al. (2016) that devises an optimum
schedule for smart appliances using a genetic
algorithm. The authors used a combination of RTP
and IBR pricing mechanisms. The combination of
these two pricing mechanisms automatically leads to
lower PAR and power consumption. Bae et al. (2014)
presented a user-friendly DSM naming it UDSM by
exploiting ICT advancements. The foundation of
UDSM is timely information regarding price
variations. Based on this information, UDSM
considered three features i.e., bills, load pattern, and
algorithm regarding rebound peak load. Initially, the
objective function is set to minimize electricity bills
based on load patterns. Once an initial objective is
achieved then another objective is formulated,
creating a balance amongst power consumption
across a time frame to avoid blackouts. UDSM shifts
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load to low price hours, thus give significant cost
savings. However, user comfort considering
appliance usage timings is not considered explicitly.
Essayeh et al. (2016) proposed a load shifting
mechanism based upon heuristic optimization
(genetic algorithm), facilitating flexibility in power
demand by integrating renewable sources
seamlessly. The authors used artificial neural

networks to forecast load demand considering the
next 24 hours. A comprehensive technical
performance analysis is conducted in Khomami and
Javidi (2013), considering energy management
solutions.

Table 3 gives the recent state-of-the-art literature
regarding optimization techniques in residential
energy management solutions.

Table 3: Recent trends: Optimization in EMSs

Focus Features and findings Technique used Objective re(fﬁ?csttion D::J;j (I;fSS
E)(;T;:lcier: alc"oigm) HEMS: Optimum household appliance set formation, Minimize cost and
minimizagtion and optimized scheduling horizon considering BPSO appliance delay in yes yes
. . user comfort ToU
appliance delay in ToU
(Agneessens et al., 2011) o s . . L -
Minimizing Electricit Minimized electricity bills for end-users using Partially observable Markov Minimize electricity es No
bills for HSMS y the RTP mechanism Decision Process bills y
(Kunwar et al., 2013) Minir_‘nize aging cost
HEMS for distributed Equipment aging costs reduced however, net . . relation b.etween
. ) Heuristic Algorithms net benefits and yes no
power generation benefits also lowered . .
environment equipment aging
costs is formulated
. . Binary backtracking search
(Hansen et al,, 2016) Provides an interface between load and PMC, algorithm compared with Minimize cost es es
Effective PMC for HEMS however, user comfort is not discussed. B§SO P M M
Reduce
(Olsen et al,, 2016) HEMS Dealing with uncertainties in the optimum Improved PSO and two-point computational cost es o
tackling uncertainties load shifting mechanism estimate method and increase the ¥
accuracy level
Effective classification of household load to
solve load shifting problem keepin Interval number
(Ahmed et al., 2017) o g_p . ping . optimization (integration of Flexibility in
PP uncertainties in view. An inverse relation . - yes no
uncertainties in HEMS S . PSO and integer linear demand
between cost minimization and delay in ToU .
is discussed programming)
(Huang et al., 2016) Forecasting load in smart homes and Forecasting load
Forecasting load insmart  scheduling it in such a manner that reduces GA and minimizing yes no
homes cost and preserve energy as well cost
(Ahmed et al., 2017) An effective profit-enhancing pricing gfsr::;l;fltaéiorlil;:r;based Maximize profits of
Pricing models for DR mechanism based upon user behavior ributed p e s P yes no
Programs learnin optimization algorithm for utilities
g & DR management
(Beheraetal,, 2016) An online energy management algorithm llylemliri?:ezde cost and
Optimum load shifting in based on event triggering is proposed for Lyapunov optimization cotr]n utational yes no
smart homes optimal load shifting mechanisms p
power
(Meng and Zeng, 2015) Energy management solution depicting user . Minimize cost and not
Optimum load shifting in preferences under ToU pricing scheme ;Errlslﬁftg;apsad( problem energy yes discussed
HEMS considering user comfort consumption explicitly
(Fan etal, 2016) HEMS Balanced use of energy in multiple
using nonpredictable 8y P Markov Decision Process Cost minimization yes yes

Resources

intermittent power sources

6. Optimization techniques for future networked
grid

The future networked power grid is highly
distributed in nature that comprises multiple small
and large scale power generation sources, including
renewable as well as non-renewable. Moreover,
integration of microgrids (at personal or community
level) with future power systems is also a complex
task. A centralized power management system is
easier to design, however, it lacks robustness and
fault tolerance. Hence, there is a need for local
decision making based on required attributes.
Moreover, every entity that is given the power of
decision-making must have communication
capability to communicate with other players or
agents of the system. Game-theoretic framework and
Multiagent Systems suit well for such distributed
environment that offers plug-and-play of resources.
Mahmood et al. (2016b) proposed two frameworks
regarding smart power consumption i.e., centralized
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and distributed. For centralized design, authors used
the simplex or interior point method to reduce PAR
of a power consumption unit with multiple users.
While anticipating decentralized design, authors
proposed a non-cooperative game to devise optimal
power consumption schedules. In this work,
distributed power generation sources are not
considered.

A novel predictive control framework for real-
time data is presented in Singhal et al. (2020),
however, the proposed model neglects forecasting
errors. Extending the work in Singhal et al. (2020),
using a non-cooperative nash game, active players
reduce electricity costs by reshaping the respective
load profiles (Zhang et al., 2011). Non-active users
are also benefited by the proposed scheme due to
reduced peak load. Nguyen et al. (2012) proposed a
framework based on a game-theoretic model
concerning utility companies as well as consumers.
Interaction amongst DR aggregator and power
generation source is devised using Stackelberg game.
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“w_»

This game has a leader and “n” non-cooperative
players. Two basic objectives based on the user’s
perspective i.e, lowering cost and raising comfort,
are formulated in Stephens et al. (2014). In this
work, the authors used game theory for modeling
load patterns and modified a “regret matching
procedure”, ensuring cost savings and user
convenience. Multiple power sources are not
included in this work. Nekouei et al. (2014)
considered multiple residential wunits having
different pricing mechanisms. Appliance scheduling
for lowering cost is done independently by each
user. Moreover, the authors formulated a binary
linear programming problem by using a day-ahead
pricing mechanism and used game theory to
optimize demand response. The proposed model is
extendible and energy storage systems and
microgrids can be added to it.

A novel pricing model is presented in Yaagoubi
and Mouftah (2014) by using a two-step centralized
game. This game interacts between utility and
community (electricity users). Multiple users are
selected in a round-robin fashion. A major objective
of this game is to lower the PAR by optimizing users’
energy consumption patterns. This ensured overall
power consumption reduction within the system.
The proposed system is scalable and extendable as
with the passage of time, the community may
expand.

Saghezchi et al. (2014) presented an energy
management solution as non-cooperative and
Stackelberg games. Initially, the authors formulated
a noncooperative game for smart homes. Afterward,
a Stackelberg game is mapped for supply and
demand sides. The authors also used net metering
facilities for the end-users and excessive energy can
be stored or sold back to the utility. Energy cost is
reduced and PAR is lowered. A novel non-
cooperative game is modeled for load demand
management in Fadlullah et al. (2013). Nash
equilibrium is achieved by using 0-1 mixed linear
programming. While in Soliman and Leon-Garcia
(2014), Stackelberg's game with one leader and “n”
players is used to develop the power consumption
schedule of all electrical appliances within a power
consumption unit. An autonomous DR game is
proposed in Belhaiza and Baroudi (2014), where
each power consumer unit has an energy
management controller that can schedule flexible
load in low-priced hours to minimize electricity bills
and reduce PAR. An energy scheduling game is
proposed in Meng and Zeng (2014), where self-
motivated players (electricity users) interact with
each other to minimize their long-term energy bills.
The authors claimed that the proposed model can
reduce almost 50% of the baseline cost. Danish
Mahmood et al. (2016c) gave a comprehensive
overview of multiagent systems in a web-based
networked grid environment in Baharlouei et al.
(2013).

Besides energy optimization in houses/buildings,
the future of power systems lies in DERs. DER
comprises small or large-scale micro-grids, RESs,
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and ESSs that can be used in islanded mode or
integrated with the main grid. Table 4 presents the
state-of-the-art work, considering.

Optimization techniques used for integration of
DERs in main grid infrastructure at personal or
community level.

7. Objectives and constraints for HEMSs

Extensive literature review informed that
amongst many, a few widely analyzed and worked
on objectives regarding energy management
solutions for residential units are electricity bill
minimization, user frustration avoidance due to
unwanted schedules, maximization of distributed
generation sources, and maximization of small scale
RESs.

Each objective function has certain constraints
with respect to its scenario. The most prominent
constraints are 1. regarding market models, 2.
maintaining an equilibrium between supply and
demand, 3. charging or discharging of storage
devices at individual or community level, 4. dealing
with the element of uncertainty in demand or supply,
and most importantly, 5. classification of the
household load (smart electrical appliances). Fig. 8
illustrates an outline of generic objectives and
constraints in the domain.

8. Smart home energy management challenges

HEMS depicts managing energy for a single smart
home, however, it is not that simple task. Numerous
players and entities are involved. The advent of the
smart grid opens vast opportunities and new
horizons of research in utilizing power effectively
and efficiently. Concerning HEMS, there is the main
power grid that generates power, a utility company
that provides power offering any DR program. Based
on offered DR program, a smart home tends to
reduce its electricity bills and ultimately PAR
reduction is achieved for utility and the main grid.
Besides the main central grid, the future lies in DERs
or AERs.

Power generation using RESs is in the spotlight
and clean and green energy is need of the era.
However, naturally, power production from these
sources is intermittent in nature and one solution is
energy storage systems. Either for RESs or to store
power from the main grid at low-priced hours,
energy storage systems/devices have their vital
impact on energy conversation.

In the following subsections, some research
directions are pin-pointed.

Eliminate consumption peaks

- Effective power limiter with respect to desired load
usage timings.

« Organize load in such a way that peaks are
normalized.

< Maintain that; demand < generation.
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Generic Objectives

Generic Constraints

\

Minimizing cost

1. Consuming less energy

2. Load shifting to low priced
hours

Market models
Pricing/ retail mechanisms
Real Time Pricing,
Inclined block rate,
Day ahead pricing,
Power dependent tariff , etc.

Electricity bill Minimization
User Frustration Minimization

Maximizing distributed generation
sources

Maximizing renewable source

Minimizing frustration

1. Less deviation between
desired and scheduled ToU
2. Flexible power
consumption patterns

Maximizing use of
distributed sources

1. Maintain distributed
control

2. Balancing demand and
supply

Creating equilibrium between supply and demand

1. User demand must be less then supply (power consumptio

limits)

2. Efficient switching mechanism between distributed sources

3. dealing with intermittent nature of renewables

4. Efficient charging and discharging of power storage devices
5. Locally generated energy is used or stored or injected in

main grid
6. Local decision making based on situation
7. SoC constraints regarding storage devices

Maximize use of renewables
1. Local generation
2. Clean environment

Effective classification of smart appliances

1. Shift-able Appliances: power consumption is static, only can

be shifted

2. non-Shift-able Appliances: power consumption is fixed and

can not be shifted

3. Dynamic Appliances: whose power consumption rate is
dynamic and can be shifted

4. Comfort Appliances: Consumption based on user
preferences and comfort level

(there are many ways to classify appliances according to
situation and scenario)

Fig. 8: Generic objectives and constraints in energy management optimization

Table 4: Recent trends: DER integration

Focus

Features and findings

Technique used

Objective

Cost reduction

Use of ESS

(Songetal,, 2014)
Smart
communities-
integrate RESs
and Evs with the
main grid
(Mahmood etal.,
2016a) HEMS -

Solving Voltage Ampere Reactive
optimization (VVO) problem anticipating
scheduling of load using EVs as energy
transportation and storage

Responsive demand and supply are

Non-cooperative mixed strategy
game

Mixed-integer linear

Minimize electricity
cost

7% bill reduction

yes (Electrical
and thermal)

investigated regarding controllable and : Minimize cost Reduced bills yes
small scale . programming model
microgrids uncontrollable generation sources.
ggj?l;a;[?;i Arslsl Predicted forecasting errors regarding
. 8! RESs and formulate a smart optimization Taguchi’s orthogonal array (0A) Minimize generation Generation cost
with uncertain . . AR yes
RESs and load model for combined RES and the main optimization cost saved
grid.

demands.
(Marzbanq et al'., Optimized schedules focusing on energy Evolutionary algorithm for minimizing energy 21% w.r.t baseline
2017) Residential efficiency and self-sufficienc building operation optimization consumption and bills yes
Building EMS y y 8 op P costs
(Xiangetal., Optimal energy consumption and control Rule-based control strategies Minimize social
2015) Residential in Residential buildings integrating RES (Dynamic programming welfare cost yes yes
Building EMS with the main grid. algorithm)
(Mauser etal., The authors presented a standalone Direct measurements and Optimize energy flow
2016) Standalone energy management solution of high Computational Fluid Dynamics from all energy yes yes
Microgrid altitude areas (CFD) simulation carriers.
(Salpakari and
Lund, .20.16) Assessing the potential of multiple RES Multi-objective stochastic mixed- .
quantifying the . . ; . Cost minimization yes yes
role of RES and along with storage systems. integer linear programming
ESS integration
(Proietti et al.,
20'17) pptimal The. pr(?posed control algorithm is abl.e to Real-time energy flexibility ) 60% of total system
switching from maintain the throughput of power while manufacturing system control Energy balancing cost yes
the main grid to using on-site RESs framework
variable RESs
(Santos et al,,
2017) The
futuristic . .
approach A novel economic n"_mrket model reflecting Numerical methods Minimized total cost yes yes
regarding RES demand response in RES is presented
integration with
the main grid
(Beieretal.,
2017) Integrat{ng The proposed framework is able to . . . oo R
maximum RES in o GA and mixed-integer linear Maximize utilization .

o accommodate the addition of 45% of RESs . . Not discussed yes
the grid without . - . programming of on-site RES
arid without existing grid upgrades
upgradations.
Increase user comfort and convenience o Effective classification of load within the smart

¢ Effective constraint formulation.

home.

61



Mahmood et al/International Journal of Advanced and Applied Sciences, 8(7) 2021, Pages: 50-66

e Resize the scheduling window for devising
schedules.
e User preferences or comfort regarding load
shifting.

Sharing power economy amongst multiple smart

homes

e Sharing power without involving any market
model amongst a smart community.

e No net-metering as reluctance is reported by utility
companies on purchasing the bulk of electricity.

o Effective and localized decision-making regarding
demand and supply for each smart home in the
community.

Distributed power sources

¢ Economic dispatch.

o Seamless switching between power sources.

e Optimum monitoring and control of distributed
sources.

e Uncertainty and fluctuations (intermittency in
power distribution).

Energy storage systems

e Renewable generation is prone to fluctuations,
dealing with this fluctuation by using storage
systems.

e Optimal and seamless switching from one source to
the storage device.

e Synergies amongst multiple storage systems.

Self-healing

e Ability of HEMS to prevent, detect and rectify by
itself.

e Power re-routing for the dynamic topology of
DERs.

¢ Real-time monitoring and plug and play approach.

Integrating power system with ICT

o Effective response time within the power system.

e Prediction on the impact of system
failures/excessive power demand.

e Power consumption in distributed environment
such that it yields minimum electricity bills.

Consumer activeness

e Social and normal behaviors of users are hard to
predict. There is a need to formulate a study that
can give the insight to produce HEMS that tends to
reduce the gap between expected and actual
energy consumption.

e Highly heterogeneity in user behaviors and
reactions. The impact of one HEMS is entirely
different as users vary.

Legislation and market models

e Reluctance is reported in net metering. If the bulk
of excess energy is sold back to the utility, it is
against their business model.

o Effective legislation or market models are needed
to incorporate localized/individually generated
power and the main grid.

e Concerning islanded mode for a smart home or a
bunch of smart homes, economic stability, security,
and seamless supply is one major question.

Advancements in power technology
e Integrating advancements in existing
infrastructure for more flexibility and capacity.

Distributed Vs central control

e Future networked grids (multiple power plants are
joint together, forming a unified power source) still
have the following questions to be answered

e What will be the major performance metric of
stability in a networked grid environment?

e How to stabilize a self-organized system?

e To what extent which part of the system needs to
be self-organized?

e Even in distributed control, is there a need for a
centralized control framework?

The multi-agent paradigm is able to answer a
couple of above-mentioned questions however, a lot
of research is needed to finalize the networked grid
standards.

9. Conclusion

Applying HEMSs in the residential sector on a
large scale proves its worth for entire grid stability
along with using power intelligently and
resourcefully. For end-users, this results in low
electricity bills and more automation in the general
life cycle. Advancements in wireless networks, smart
appliances, and  computational intelligence
algorithms have laid a solid foundation for
materializing the concept of HEMS. Considering the
near future, EMSs seem to be governing entire
energy management in residential as well as
industrial regions. In this work, an introduction and
brief description are provided regarding energy
management solutions specifically HEMSs, their
basic architectural designs, and components.
Moreover, the role of sensor networks and
optimization techniques is also discussed along with
recent state-of-the-art work focusing on residential
energy management. Though the smart grid is in the
spotlight of researchers and engineering industries
since the last decade, however, yet there are
numerous issues to be tackled for the future power
systems. In the last part of this article, major
research directions are pointed out for future
endeavors.

Electricity user involvement with power systems
is an irreplaceable phenomenon. Major goals of the
future power systems cannot be achieved without
user activeness in energy management solutions.

List of symbols

ICT Information and communication technology
Cl Computational Intelligence

EMS Energy Management

DSM Systems Demand Side
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PAR Management Peak to Average Ratio
HEMS Home Energy Management System
EV Electric Vehicles

DR Demand Response

ToU Time of Use

DER Distributed Energy Resources

AMI Advanced Metering Infrastructure
PMC Power Management Controller
ESS Energy Storage System

PL Power Line

CH Communication Home

ANA Area Network Alternate

ER Energy Resources

PV Photovoltaic

RES Renewable Energy Source

Compliance with ethical standards
Conflict of interest

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References

Abedi A, Gaudard L, and Romerio F (2019). Review of major
approaches to analyze vulnerability in power system.
Reliability Engineering and System Safety, 183: 153-172.
https://doi.org/10.1016/j.ress.2018.11.019

Afzalan M and Jazizadeh F (2019). Residential loads flexibility
potential for demand response using energy consumption
patterns and user segments. Applied Energy, 254: 113693.
https://doi.org/10.1016/j.apenergy.2019.113693

Agneessens ], Vandoorn T, Meersman B, and Vandevelde L (2011).
The use of binary particle swarm optimization to obtain a
demand side management system. In the Renewable Power
Generation IET Conference, IET, Edinburgh, UK: 1-6.
https://doi.org/10.1049/cp.2011.0228

Ahmed MS, Mohamed A, Khatib T, Shareef H, Homod RZ, and Abd
Ali ] (2017). Real time optimal schedule controller for home
energy management system using new binary backtracking
search algorithm. Energy and Buildings, 138: 215-227.
https://doi.org/10.1016/j.enbuild.2016.12.052

Akrami A, Doostizadeh M, and Aminifar F (2019). Power system
flexibility: An overview of emergence to evolution. Journal of
Modern Power Systems and Clean Energy, 7(5): 987-1007.
https://doi.org/10.1007 /s40565-019-0527-4

Al-Badi AH, Ahshan R, Hosseinzadeh N, Ghorbani R, and Hossain E
(2020). Survey of smart grid concepts and technological
demonstrations worldwide emphasizing on the Oman
perspective. Applied System Innovation, 3(1): 5.
https://doi.org/10.3390/asi3010005

Albu MM, Sanduleac M, and Stanescu C (2016). Syncretic use of
smart meters for power quality monitoring in emerging
networks. [EEE Transactions on Smart Grid, 8(1): 485-492.
https://doi.org/10.1109/TSG.2016.2598547

Ali SS and Choi B] (2020). State-of-the-art artificial intelligence
techniques for distributed smart grids: A review. Electronics,
9(6): 1030. https://doi.org/10.3390/electronics9061030

Alkawsi GA, Ali N, Mustafa AS, BaasharY, Alhussian H, Alkahtani A,
and Ekanayake ] (2021). A hybrid SEM-neural network
method for identifying acceptance factors of the smart meters
in Malaysia: Challenges perspective. Alexandria Engineering
Journal, 60(1): 227-240.
https://doi.org/10.1016/j.aj.2020.07.002

Almusaylim AZ, Jhanjhi NZ, and Alhumam A (2020). Detection and
mitigation of RPL rank and version number attacks in the

63

internet of things: SRPL-RP. Sensors, 20(21): 5997.
https://doi.org/10.3390/s20215997
PMid:33105891 PMCid:PMC7660197

Alquthami T, AlAmoudi A, Alsubaie AM, Jaber AB, Alshlwan N,
Anwar M, and Al Husaien S (2020). Analytics framework for
optimal smart meters data processing. Electrical Engineering,
102: 1241-1251.
https://doi.org/10.1007 /s00202-020-00949-0

Arteconi A, Ciarrocchi E, Pan Q, Carducci F, Comodi G, Polonara F,
and Wang R (2017). Thermal energy storage coupled with PV
panels for demand side management of industrial building
cooling loads. Applied Energy, 185: 1984-1993.
https://doi.org/10.1016/j.apenergy.2016.01.025

Avancini DB, Rodrigues JJ, Martins SG, Rabélo RA, Al-Muhtadi ],
and Solic P (2019). Energy meters evolution in smart grids: A
review. Journal of Cleaner Production, 217: 702-715.
https://doi.org/10.1016/j.jclepro.2019.01.229

Bae H, Yoon ], Lee Y, Lee ], Kim T, Yu ], and Cho S (2014). User-
friendly demand side management for smart grid networks. In
The International Conference on Information Networking,
IEEE, Phuket, Thailand: 481-485.
https://doi.org/10.1109/ICOIN.2014.6799728

Baharlouei Z, Hashemi M, Narimani H, and Mohsenian-Rad H
(2013). Achieving optimality and fairness in autonomous
demand response: Benchmarks and billing mechanisms. IEEE
Transactions on Smart Grid, 4(2): 968-975.
https://doi.org/10.1109/TSG.2012.2228241

Bahmanyar A, Jamali S, Estebsari A, Pons E, Bompard E, Patti E,
and Acquaviva A (2016). Emerging smart meters in electrical
distribution systems: Opportunities and challenges. In the 24t
Iranian Conference on Electrical Engineering, IEEE, Shiraz,
Iran: 1082-1087.
https://doi.org/10.1109/IranianCEE.2016.7585682

Behera S, Pattnaik BS, Reza M, and Roy DS (2016). Predicting
consumer loads for improved power scheduling in smart
homes. In: Behera H and Mohapatra D (Eds.), The
computational intelligence in data mining: 463-473. Volume 2,
Springer, New Delhi. India.
https://doi.org/10.1007/978-81-322-2731-1_44

Beier ], Thiede S, and Herrmann C (2017). Energy flexibility of
manufacturing systems for variable renewable energy supply
integration: Real-time control method and simulation. Journal
of Cleaner Production, 141: 648-661.
https://doi.org/10.1016/j.jclepro.2016.09.040

Belaid F and Youssef M (2017). Environmental degradation,
renewable and non-renewable electricity consumption, and
economic growth: Assessing the evidence from Algeria.
Energy Policy, 102: 277-287.
https://doi.org/10.1016/j.enpol.2016.12.012

Belhaiza S and Baroudi U (2014). A game theoretic model for
smart grids demand management. IEEE Transactions on
Smart Grid, 6(3): 1386-1393.
https://doi.org/10.1109/TSG.2014.2376632

Bhati A, Hansen M, and Chan CM (2017). Energy conservation
through smart homes in a smart city: A lesson for Singapore
households. Energy Policy, 104: 230-239.
https://doi.org/10.1016/j.enpol.2017.01.032

Borges FA, Fernandes RA, Silva IN, and Silva CB (2015). Feature
extraction and power quality disturbances classification using
smart meters signals. IEEE Transactions on Industrial
Informatics, 12(2): 824-833.
https://doi.org/10.1109/TI1.2015.2486379

Cetin KS, Tabares-Velasco PC, and Novoselac A (2014). Appliance
daily energy use in new residential buildings: Use profiles and
variation in time-of-use. Energy and Buildings, 84: 716-726.
https://doi.org/10.1016/j.enbuild.2014.07.045

Chavali P, Yang P, and Nehorai A (2014). A distributed algorithm
of appliance scheduling for home energy management system.


https://doi.org/10.1016/j.ress.2018.11.019
https://doi.org/10.1016/j.apenergy.2019.113693
https://doi.org/10.1049/cp.2011.0228
https://doi.org/10.1016/j.enbuild.2016.12.052
https://doi.org/10.1007/s40565-019-0527-4
https://doi.org/10.3390/asi3010005
https://doi.org/10.1109/TSG.2016.2598547
https://doi.org/10.3390/electronics9061030
https://doi.org/10.1016/j.aej.2020.07.002
https://doi.org/10.3390/s20215997
https://doi.org/10.1007/s00202-020-00949-0
https://doi.org/10.1016/j.apenergy.2016.01.025
https://doi.org/10.1016/j.jclepro.2019.01.229
https://doi.org/10.1109/ICOIN.2014.6799728
https://doi.org/10.1109/TSG.2012.2228241
https://doi.org/10.1109/IranianCEE.2016.7585682
https://doi.org/10.1007/978-81-322-2731-1_44
https://doi.org/10.1016/j.jclepro.2016.09.040
https://doi.org/10.1016/j.enpol.2016.12.012
https://doi.org/10.1109/TSG.2014.2376632
https://doi.org/10.1016/j.enpol.2017.01.032
https://doi.org/10.1109/TII.2015.2486379
https://doi.org/10.1016/j.enbuild.2014.07.045

Mahmood et al/International Journal of Advanced and Applied Sciences, 8(7) 2021, Pages: 50-66

IEEE Transactions on Smart Grid, 5(1): 282-290.
https://doi.org/10.1109/TSG.2013.2291003

Chen Y, Zhao ], Lai Z, Wang Z, and Xia H (2019). Exploring the
effects of economic growth, and renewable and non-
renewable energy consumption on China’s CO: emissions:
Evidence from a regional panel analysis. Renewable Energy,
140: 341-353. https://doi.org/10.1016/j.renene.2019.03.058

Derakhshan G, Shayanfar HA, and Kazemi A (2016). The
optimization of demand response programs in smart grids.
Energy Policy, 94: 295-306.
https://doi.org/10.1016/j.enpol.2016.04.009

Dileep G (2020). A survey on smart grid technologies and
applications. Renewable Energy, 146: 2589-2625.
https://doi.org/10.1016/j.renene.2019.08.092

Essayeh C, El-Fenni MR, and Dahmouni H (2016). Towards an
intelligent home energy management system for smart
Microgrid applications. In the International Wireless
Communications and Mobile Computing Conference, IEEE,
Paphos, Cyprus: 1051-1056.
https://doi.org/10.1109/IWCMC.2016.7577204

Fadlullah ZM, Quan DM, Kato N, and Stojmenovic I (2013). GTES:
An optimized game-theoretic demand-side management
scheme for smart grid. IEEE Systems Journal, 8(2): 588-597.
https://doi.org/10.1109/JSYST.2013.2260934

Fan W, Liu N, and Zhang ] (2016). An event-triggered online
energy management algorithm of smart home: Lyapunov
optimization approach. Energies, 9(5): 381.
https://doi.org/10.3390/en9050381

Farmanbar M, Parham K, Arild @, and Rong C (2019). A
widespread review of smart grids towards smart cities.
Energies, 12(23): 4484.
https://doi.org/10.3390/en12234484

Fletcher ] and Malalasekera W (2016). Development of a user-
friendly, low-cost home energy monitoring and recording
system. Energy, 111: 32-46.
https://doi.org/10.1016/j.energy.2016.05.027

Gholinejad HR, Loni A, Adabi ], and Marzband M (2020). A
hierarchical energy management system for multiple home
energy hubs in neighborhood grids. Journal of Building
Engineering, 28: 101028.
https://doi.org/10.1016/j.jobe.2019.101028

Haes Alhelou H, Hamedani-Golshan ME, Njenda TC, and Siano P
(2019). A survey on power system blackout and cascading
events: Research motivations and challenges. Energies, 12(4):
682. https://doi.org/10.3390/en12040682

Haider HT, See OH, and Elmenreich W (2016). A review of
residential demand response of smart grid. Renewable and
Sustainable Energy Reviews, 59: 166-178.
https://doi.org/10.1016/j.rser.2016.01.016

Han DM and Lim JH (2010). Smart home energy management
system using IEEE 802.15. 4 and zigbee. IEEE Transactions on
Consumer Electronics, 56(3): 1403-1410.
https://doi.org/10.1109/TCE.2010.5606276

Hansen TM, Chong EK, Suryanarayanan S, Maciejewski AA, and
Siegel H] (2016). A partially observable markov decision
process approach to residential home energy management.
IEEE Transactions on Smart Grid, 9(2): 1271-1281.
https://doi.org/10.1109/TSG.2016.2582701

Hu Q and Li F (2013). Hardware design of smart home energy
management system with dynamic price response. IEEE
Transactions on Smart grid, 4(4): 1878-1887.
https://doi.org/10.1109/TSG.2013.2258181

Huang Y, Wang L, Guo W, Kang Q, and Wu Q (2016). Chance
constrained optimization in a home energy management
system. [EEE Transactions on Smart Grid, 9(1): 252-260.
https://doi.org/10.1109/TSG.2016.2550031

Humayun M, Jhanjhi
Balasubramanian V,

M, Amalathas SS,
B (2020a). Privacy

N, Alruwaili
and Selvaraj

64

protection and energy optimization for 5g-aided industrial
internet of things. IEEE Access, 8: 183665-183677.
https://doi.org/10.1109/ACCESS.2020.3028764

Humayun M, Jhanjhi NZ, and Alamri MZ (2020c). Smart secure and
energy efficient scheme for e-health applications using IoT: A
review. International Journal of Computer Science and
Network Security, 20(4): 55-74.

Humayun M, Jhanjhi NZ, Hamid B, and Ahmed G (2020Db).
Emerging smart logistics and transportation using IoT and
blockchain. IEEE Internet of Things Magazine, 3(2): 58-62.
https://doi.org/10.1109/I10TM.0001.1900097

Hussain S], Irfan M, Jhanjhi NZ, Hussain K, and Humayun M
(2020). Performance enhancement in wireless body area
networks with secure communication. Wireless Personal
Communications, 116: 1-22.
https://doi.org/10.1007/s11277-020-07702-7

Jacob S, Alagirisamy M, Menon VG, Kumar BM, Jhanjhi NZ,
Ponnusamy V, and Balasubramanian V (2020). An adaptive
and flexible brain energized full body exoskeleton with IoT
edge for assisting the paralyzed patients. IEEE Access, 8:
100721-100731.
https://doi.org/10.1109/ACCESS.2020.2997727

Jhanjhi NZ, Almusalli FA, Brohi SN, and Abdullah A (2018).
Middleware power saving scheme for mobile applications. In
the 4t International Conference on Advances in Computing,
Communication and Automation, IEEE, Subang Jaya, Malaysia:
1-6. https://doi.org/10.1109/ICACCAF.2018.8776711

Kaczmarczyk V, Fiedler P, and Brada¢ Z (2016). Thermostatically
controlled appliances in the home area network model. [FAC-
PapersOnLine, 49(25): 247-253.
https://doi.org/10.1016/j.ifacol.2016.12.042

Kempton W and Letendre SE (1997). Electric vehicles as a new
power source for electric utilities. Transportation Research
Part D: Transport and Environment, 2(3): 157-175.
https://doi.org/10.1016/S1361-9209(97)00001-1

Khan I (2019). Energy-saving behaviour as a demand-side
management strategy in the developing world: The case of
Bangladesh. International Journal of Energy and
Environmental Engineering, 10(4): 493-510.
https://doi.org/10.1007 /s40095-019-0302-3

Khomami HP and Javidi MH (2013). An efficient home energy
management system for automated residential demand
response. In the 13% International Conference on
Environment and Electrical Engineering, IEEE, Wroclaw,
Poland: 307-312.
https://doi.org/10.1109/EEEIC-2.2013.6737927

Kim SC, Ray P, and Reddy SS (2019). Features of smart grid
technologies: An overview. ECTI Transactions on Electrical
Engineering, Electronics, and Communications, 17(2): 169-
180.

Kunwar N, Yash K, and Kumar R (2013). Area-load based pricing
in DSM through ANN and heuristic scheduling. IEEE
Transactions on Smart Grid, 4(3): 1275-1281.
https://doi.org/10.1109/TSG.2013.2262059

Lee S, Kim ], and Shon T (2016). User privacy-enhanced security
architecture for home area network of Smartgrid. Multimedia
Tools and Applications, 75(20): 12749-12764.
https://doi.org/10.1007/s11042-016-3252-2

Liu Z, Zhang Y, Wang Y, Wei N, and Gu C (2020). Development of
the interconnected power grid in Europe and suggestions for
the energy internet in China. Global Energy Interconnection,
3(2): 111-119. https://doi.org/10.1016/j.gloei.2020.05.003

Mahmood D, Javaid N, Alrajeh N, Khan ZA, Qasim U, Ahmed I, and
Ilahi M (2016c). Realistic scheduling mechanism for smart
homes. Energies, 9(3): 202.
https://doi.org/10.3390/en9030202

Mahmood D, Javaid N, and Ilahi M (2016a). Home energy
management using multi agent system for web based grids. In
the International Conference on Frontiers of Information


https://doi.org/10.1109/TSG.2013.2291003
https://doi.org/10.1016/j.renene.2019.03.058
https://doi.org/10.1016/j.enpol.2016.04.009
https://doi.org/10.1016/j.renene.2019.08.092
https://doi.org/10.1109/IWCMC.2016.7577204
https://doi.org/10.1109/JSYST.2013.2260934
https://doi.org/10.3390/en9050381
https://doi.org/10.3390/en12234484
https://doi.org/10.1016/j.energy.2016.05.027
https://doi.org/10.1016/j.jobe.2019.101028
https://doi.org/10.3390/en12040682
https://doi.org/10.1016/j.rser.2016.01.016
https://doi.org/10.1109/TCE.2010.5606276
https://doi.org/10.1109/TSG.2016.2582701
https://doi.org/10.1109/TSG.2013.2258181
https://doi.org/10.1109/TSG.2016.2550031
https://doi.org/10.1109/ACCESS.2020.3028764
https://doi.org/10.1109/IOTM.0001.1900097
https://doi.org/10.1007/s11277-020-07702-7
https://doi.org/10.1109/ACCESS.2020.2997727
https://doi.org/10.1109/ICACCAF.2018.8776711
https://doi.org/10.1016/j.ifacol.2016.12.042
https://doi.org/10.1016/S1361-9209(97)00001-1
https://doi.org/10.1007/s40095-019-0302-3
https://doi.org/10.1109/EEEIC-2.2013.6737927
https://doi.org/10.1109/TSG.2013.2262059
https://doi.org/10.1007/s11042-016-3252-2
https://doi.org/10.1016/j.gloei.2020.05.003
https://doi.org/10.3390/en9030202

Mahmood et al/International Journal of Advanced and Applied Sciences, 8(7) 2021, Pages: 50-66

Technology, IEEE, Islamabad, Pakistan: 342-347.
https://doi.org/10.1109/FIT.2016.069 PMid:27832044

Mahmood D, Javaid N, Nouman U, Urrahman A, Khan ZA, and
Qasim U (2016b). Comparative analysis of energy
management solutions focusing practical implementation. In
the 10t International Conference on Complex, Intelligent, and
Software Intensive Systems, IEEE, Fukuoka, Japan, 271-277.
https://doi.org/10.1109/CISIS.2016.126
PMid:28280431 PMCid:PMC5321247

Manic M, Amarasinghe K, Rodriguez-Andina JJ, and Rieger C
(2016). Intelligent buildings of the future: Cyberaware, deep
learning powered, and human interacting. IEEE Industrial
Electronics Magazine, 10(4): 32-49.
https://doi.org/10.1109/MIE.2016.2615575

Marzband M, Alavi H, Ghazimirsaeid SS, Uppal H, and Fernando T
(2017). Optimal energy management system based on
stochastic approach for a home Microgrid with integrated
responsive load demand and energy storage. Sustainable
Cities and Society, 28: 256-264.
https://doi.org/10.1016/j.scs.2016.09.017

Mauser I, Miiller ], Allerding F, and Schmeck H (2016). Adaptive
building energy management with multiple commodities and
flexible evolutionary optimization. Renewable Energy, 87:
911-921. https://doi.org/10.1016/j.renene.2015.09.003

Meng FL and Zeng X] (2014). An optimal real-time pricing for
demand-side management: A Stackelberg game and genetic
algorithm approach. In the International Joint Conference on
Neural Networks, IEEE, Beijing, China: 1703-1710.
https://doi.org/10.1109/IJCNN.2014.6889608

Meng FL and Zeng X] (2015). A profit maximization approach to
demand response management with customers behaviour
learning in smart grid. IEEE Transactions on Smart Grid, 7(3):
1516-1529. https://doi.org/10.1109/TSG.2015.2462083

Mesari¢ P and Krajcar S (2015). Home demand side management
integrated with electric vehicles and renewable energy
sources. Energy and Buildings, 108: 1-9.
https://doi.org/10.1016/j.enbuild.2015.09.001

Mishra SK, Mishra S, Alsayat A, Jhanjhi NZ, Humayun M, Sahoo KS,
and Luhach AK (2020). Energy-aware task allocation for
multi-cloud networks. IEEE Access, 8: 178825-178834.
https://doi.org/10.1109/ACCESS.2020.3026875

Missaoui R, Joumaa H, Ploix S, and Bacha S (2014). Managing
energy smart homes according to energy prices: Analysis of a
building energy management system. Energy and Buildings,
71:155-167. https://doi.org/10.1016/j.enbuild.2013.12.018

Molokomme DN, Chabalala CS, and Bokoro PN (2020). A review of
cognitive radio smart grid communication infrastructure
systems. Energies, 13(12): 3245.
https://doi.org/10.3390/en13123245

Moretti M, Djomo SN, Azadi H, May K, De Vos K, Van Passel S, and
Witters N (2017). A systematic review of environmental and
economic impacts of smart grids. Renewable and Sustainable
Energy Reviews, 68: 888-898.
https://doi.org/10.1016/j.rser.2016.03.039

Nekouei E, Alpcan T, and Chattopadhyay D (2014). Game-theoretic
frameworks for demand response in electricity markets. IEEE
Transactions on Smart Grid, 6(2): 748-758.
https://doi.org/10.1109/TSG.2014.2367494

Nguyen HK, Song ]B, and Han Z (2012). Demand side management
to reduce peak-to-average ratio using game theory in smart
grid. In the Proceedings IEEE INFOCOM Workshops, IEEE,
Orlando, USA: 91-96.
https://doi.org/10.1109/INFCOMW.2012.6193526
PMCid:PMC3619971

Niyato D, Xiao L, and Wang P (2011). Machine-to-machine
communications for home energy management system in
smart grid. IEEE Communications Magazine, 49(4): 53-59.
https://doi.org/10.1109/MCOM.2011.5741146

65

Nunna HK, Battula S, Doolla S, and Srinivasan D (2016). Energy
management in smart distribution systems with vehicle-to-
grid integrated microgrids. IEEE Transactions on Smart Grid,
9(5): 4004-4016.
https://doi.org/10.1109/TSG.2016.2646779

Olatomiwa L, Mekhilef S, Ismail MS, and Moghavvemi M (2016).
Energy management strategies in hybrid renewable energy
systems: A review. Renewable and Sustainable Energy
Reviews, 62: 821-835.
https://doi.org/10.1016/j.rser.2016.05.040

Olsen DJ, Sarker MR, and Ortega-Vazquez MA (2016). Optimal
penetration of home energy management systems in
distribution networks considering transformer aging. IEEE
Transactions on Smart Grid, 9(4): 3330-3340.
https://doi.org/10.1109/TSG.2016.2630714

Palensky P and Dietrich D (2011). Demand side management:
Demand response, intelligent energy systems, and smart
loads. IEEE Transactions on Industrial Informatics, 7(3): 381-
388. https://doi.org/10.1109/TI11.2011.2158841

Pires VF, Cordeiro A, Roncero-Clemente C, and Martins JF (2019).
Control strategy for a four-wire t-type qZSI based PV system
to support grids with unbalanced non-linear loads. In the 13t
International Conference on Compatibility, Power Electronics
and Power Engineering, IEEE, Sonderborg, Denmark: 1-6.
https://doi.org/10.1109/CPE.2019.8862353
PMCid:PMC6535083

Proietti S, Sdringola P, Castellani F, Astolfi D, and Vuillermoz E
(2017). On the contribution of renewable energies for feeding
a high altitude smart mini grid. Applied Energy, 185: 1694-
1701. https://doi.org/10.1016/j.apenergy.2015.12.056

Rasheed MB, Javaid N, Ahmad A, Jamil M, Khan ZA, Qasim U, and
Alrajeh N (2016). Energy optimization in smart homes using

customer preference and dynamic pricing. Energies, 9(8): 593.
https://doi.org/10.3390/en9080593

Rasheed MB, Javaid N, Ahmad A, Khan ZA, Qasim U, and Alrajeh N
(2015). An efficient power scheduling scheme for residential
load management in smart homes. Applied Sciences, 5(4):
1134-1163. https://doi.org/10.3390/app5041134

Razmjoo A, Kaigutha LG, Rad MV, Marzband M, Davarpanah A, and
Denai M (2020). A technical analysis investigating energy
sustainability utilizing reliable renewable energy sources to
reduce COZ emissions in a high potential area. Renewable
Energy, 164: 46-57.
https://doi.org/10.1016/j.renene.2020.09.042

Rehman A, Rauf A, Ahmad M, Chandio AA, and Deyuan Z (2019).
The effect of carbon dioxide emission and the consumption of
electrical energy, fossil fuel energy, and renewable energy, on
economic  performance: Evidence from  Pakistan.
Environmental Science and Pollution Research, 26(21):
21760-21773.
https://doi.org/10.1007/s11356-019-05550-y
PMid:31134543

Saad AA, Faddel S, and Mohammed O (2019). A secured
distributed control system for future interconnected smart
grids. Applied Energy, 243: 57-70.
https://doi.org/10.1016/j.apenergy.2019.03.185

Saghezchi FB, Saghezchi FB, Nascimento A, and Rodriguez ]
(2014). Game theory and pricing strategies for demand-side
management in the smart grid. In the 9t International
Symposium on Communication Systems, Networks and Digital
Sign, IEEE, Manchester, UK: 883-887.
https://doi.org/10.1109/CSNDSP.2014.6923953

Saha A, Kuzlu M, Pipattanasomporn M, and Rahman S (2016).
Enabling residential demand response applications with a
zigbee-based load controller system. Intelligent Industrial
Systems, 2(4): 303-318.
https://doi.org/10.1007/s40903-016-0059-4

Salpakari ] and Lund P (2016). Optimal and rule-based control
strategies for energy flexibility in buildings with PV. Applied


https://doi.org/10.1109/FIT.2016.069
https://doi.org/10.1109/CISIS.2016.126
https://doi.org/10.1109/MIE.2016.2615575
https://doi.org/10.1016/j.scs.2016.09.017
https://doi.org/10.1016/j.renene.2015.09.003
https://doi.org/10.1109/IJCNN.2014.6889608
https://doi.org/10.1109/TSG.2015.2462083
https://doi.org/10.1016/j.enbuild.2015.09.001
https://doi.org/10.1109/ACCESS.2020.3026875
https://doi.org/10.1016/j.enbuild.2013.12.018
https://doi.org/10.3390/en13123245
https://doi.org/10.1016/j.rser.2016.03.039
https://doi.org/10.1109/TSG.2014.2367494
https://doi.org/10.1109/INFCOMW.2012.6193526
https://doi.org/10.1109/MCOM.2011.5741146
https://doi.org/10.1109/TSG.2016.2646779
https://doi.org/10.1016/j.rser.2016.05.040
https://doi.org/10.1109/TSG.2016.2630714
https://doi.org/10.1109/TII.2011.2158841
https://doi.org/10.1109/CPE.2019.8862353
https://doi.org/10.1016/j.apenergy.2015.12.056
https://doi.org/10.3390/en9080593
https://doi.org/10.3390/app5041134
https://doi.org/10.1016/j.renene.2020.09.042
https://doi.org/10.1007/s11356-019-05550-y
https://doi.org/10.1016/j.apenergy.2019.03.185
https://doi.org/10.1109/CSNDSP.2014.6923953
https://doi.org/10.1007/s40903-016-0059-4

Mahmood et al/International Journal of Advanced and Applied Sciences, 8(7) 2021, Pages: 50-66

Energy, 161: 425-436.
https://doi.org/10.1016/j.apenergy.2015.10.036

Sama NU, Zen K, Rahman AU, and Bibi B (2019a). Routing hole
mitigation by edge based multi-hop cluster-based routing
protocol in wireless sensor network. International Journal of
Computer Science and Network Security, 19(1): 253-260.

Sama NU, Zen KB, Rahman AU, and Din AU (2019b). Energy-aware
routing hole detection algorithm in the hierarchical wireless
sensor network. International Journal of Advanced Computer
Science and Applications, 10: 249-253.
https://doi.org/10.14569/1JACSA.2019.0100332

Samadi A, Saidi H, Latify MA, and Mahdavi M (2020). Home energy
management system based on task classification and the
resident’s requirements. International Journal of Electrical
Power and Energy Systems, 118: 105815.
https://doi.org/10.1016/j.ijepes.2019.105815

Santos SF, Fitiwi DZ, Cruz MR, Cabrita CM, and Catalao JP (2017).
Impacts of optimal energy storage deployment and network
reconfiguration on renewable integration level in distribution
systems. Applied Energy, 185: 44-55.
https://doi.org/10.1016/j.apenergy.2016.10.053

Saponara S, Saletti R, and Mihet-Popa L (2019). Hybrid micro-
grids exploiting renewables sources, battery energy storages,
and bi-directional converters. Applied Sciences, 9(22): 4973.
https://doi.org/10.3390/app9224973

Sarker E, Halder P, Seyedmahmoudian M, Jamei E, Horan B,
Mekhilef S, and Stojcevski A (2021). Progress on the demand
side management in smart grid and optimization approaches.
International Journal of Energy Research, 45(1): 36-64.
https://doi.org/10.1002/er.5631

Sehar F, Pipattanasomporn M, and Rahman S (2016). An energy
management model to study energy and peak power savings
from PV and storage in demand responsive buildings. Applied
Energy, 173: 406-417.
https://doi.org/10.1016/j.apenergy.2016.04.039

Sharma K and Saini LM (2017). Power-line communications for
smart grid: Progress, challenges, opportunities and status.
Renewable and Sustainable Energy Reviews, 67: 704-751.
https://doi.org/10.1016/j.rser.2016.09.019

Shateri M, Messina F, Piantanida P, and Labeau F (2020). Real-
time privacy-preserving data release for smart meters. IEEE
Transactions on Smart Grid, 11(6): 5174-5183.
https://doi.org/10.1109/TSG.2020.3005634

Sianaki OA and Masoum MA (2013). A fuzzy TOPSIS approach for
home energy management in smart grid with considering
householders' preferences. In the IEEE PES Innovative Smart
Grid Technologies Conference, IEEE, Washington, USA: 1-6.
https://doi.org/10.1109/ISGT.2013.6497819

Singhal V, Jain SS, Anand D, Singh A, Verma S, Rodrigues JJ, and
Iwendi C (2020). Artificial intelligence enabled road vehicle-
train collision risk assessment framework for unmanned
railway level crossings. IEEE Access, 8: 113790-113806.
https://doi.org/10.1109/ACCESS.2020.3002416

Soliman HM and Leon-Garcia A (2014). Game-theoretic demand-
side management with storage devices for the future smart
grid. IEEE Transactions on Smart Grid, 5(3): 1475-1485.
https://doi.org/10.1109/TSG.2014.2302245

Song L, Xiao Y, and van der Schaar M (2014). Non-stationary
demand side management method for smart grids. In the IEEE
International Conference on Acoustics, Speech and Signal
Processing, IEEE, Florence, Italy: 7759-7763.
https://doi.org/10.1109/ICASSP.2014.6855110

Sovacool BK and Del Rio DDF (2020). Smart home technologies in
Europe: A critical review of concepts, benefits, risks and
policies. Renewable and Sustainable Energy Reviews, 120:
109663. https://doi.org/10.1016/j.rser.2019.109663

66

Stephens ER, Smith DB, and Mahanti A (2014). Game theoretic
model predictive control for distributed energy demand-side
management. IEEE Transactions on Smart Grid, 6(3): 1394-
1402. https://doi.org/10.1109/TSG.2014.2377292

Subbiah R, Lum K, Marathe A, and Marathe M (2013). Activity
based energy demand modeling for residential buildings. In
the [EEE PES Innovative Smart Grid Technologies Conference,
IEEE, Washington, USA: 1-6.
https://doi.org/10.1109/1SGT.2013.6497822

Tang R, Wang S, and Li H (2019). Game theory based interactive
demand side management responding to dynamic pricing in
price-based demand response of smart grids. Applied Energy,
250:118-130.
https://doi.org/10.1016/j.apenergy.2019.04.177

Tsai CW, Pelov A, Chiang MC, Yang CS, and Hong TP (2014).
Computational awareness for smart grid: A review.
International Journal of Machine Learning and Cybernetics,
5(1): 151-163. https://doi.org/10.1007/s13042-013-0185-1

Tushar MHK and Assi C (2017). Volt-VAR control through joint
optimization of capacitor bank switching, renewable energy,
and home appliances. IEEE Transactions on Smart Grid, 9(5):
4077-4086. https://doi.org/10.1109/TSG.2017.2648509

Whiffen TR, Naylor S, Hill ], Smith L, Callan PA, Gillott M, and Riffat
SB (2016). A concept review of power line communication in
building energy management systems for the small to medium
sized non-domestic built environment. Renewable and
Sustainable Energy Reviews, 64: 618-633.
https://doi.org/10.1016/j.rser.2016.06.069

Xiang Y, Liu ], and Liu Y (2015). Robust energy management of
microgrid with uncertain renewable generation and load.
IEEE Transactions on Smart Grid, 7(2): 1034-1043.
https://doi.org/10.1109/TSG.2014.2385801

Yaagoubi N and Mouftah HT (2014). User-aware game theoretic
approach for demand management. IEEE Transactions on
Smart Grid, 6(2): 716-725.
https://doi.org/10.1109/TSG.2014.2363098

Yao E, Samadi P, Wong VW, and Schober R (2015). Residential
demand side management under high penetration of rooftop
photovoltaic units. IEEE Transactions on Smart Grid, 7(3):
1597-1608. https://doi.org/10.1109/TSG.2015.2472523

Yao H and Zang C (2021). The spatiotemporal characteristics of
electrical energy supply-demand and the green economy
outlook of Guangdong Province, China. Energy, 214: 118891.
https://doi.org/10.1016/j.energy.2020.118891

Zen K and Ur-Rahman A (2017). An extensive survey on
performance comparison of routing protocols in wireless
sensor network. Journal of Applied Sciences, 17(5): 238-245.
https://doi.org/10.3923/jas.2017.238.245

Zhang N, Ochoa LF, and Kirschen DS (2011). Investigating the
impact of demand side management on residential customers.
In the 2nd JEEE PES International Conference and Exhibition
on Innovative Smart Grid Technologies, IEEE, Manchester, UK:
1-6. https://doi.org/10.1109/ISGTEurope.2011.6162699

Zhao ], Liu ], Qin Z, and Ren K (2016a). Privacy protection scheme
based on remote anonymous attestation for trusted smart
meters. I[EEE Transactions on Smart Grid, 9(4): 3313-3320.
https://doi.org/10.1109/TSG.2016.2626317

Zhao Z, Agbossou K, and Cardenas A (2016b). Connectivity for
home energy management applications. In the IEEE PES Asia-
Pacific Power and Energy Engineering Conference, IEEE, Xi'an,
China: 2175-2180.
https://doi.org/10.1109/APPEEC.2016.7779872

Zhao Z, Lee WC, Shin Y, and Song KB (2013). An optimal power
scheduling method for demand response in home energy
management system. IEEE Transactions on Smart Grid, 4(3):
1391-1400. https://doi.org/10.1109/TSG.2013.2251018


https://doi.org/10.1016/j.apenergy.2015.10.036
https://doi.org/10.14569/IJACSA.2019.0100332
https://doi.org/10.1016/j.ijepes.2019.105815
https://doi.org/10.1016/j.apenergy.2016.10.053
https://doi.org/10.3390/app9224973
https://doi.org/10.1002/er.5631
https://doi.org/10.1016/j.apenergy.2016.04.039
https://doi.org/10.1016/j.rser.2016.09.019
https://doi.org/10.1109/TSG.2020.3005634
https://doi.org/10.1109/ISGT.2013.6497819
https://doi.org/10.1109/ACCESS.2020.3002416
https://doi.org/10.1109/TSG.2014.2302245
https://doi.org/10.1109/ICASSP.2014.6855110
https://doi.org/10.1016/j.rser.2019.109663
https://doi.org/10.1109/TSG.2014.2377292
https://doi.org/10.1109/ISGT.2013.6497822
https://doi.org/10.1016/j.apenergy.2019.04.177
https://doi.org/10.1007/s13042-013-0185-1
https://doi.org/10.1109/TSG.2017.2648509
https://doi.org/10.1016/j.rser.2016.06.069
https://doi.org/10.1109/TSG.2014.2385801
https://doi.org/10.1109/TSG.2014.2363098
https://doi.org/10.1109/TSG.2015.2472523
https://doi.org/10.1016/j.energy.2020.118891
https://doi.org/10.3923/jas.2017.238.245
https://doi.org/10.1109/ISGTEurope.2011.6162699
https://doi.org/10.1109/TSG.2016.2626317
https://doi.org/10.1109/APPEEC.2016.7779872
https://doi.org/10.1109/TSG.2013.2251018

	Utilization of ICT and AI techniques in harnessing residential energyconsumption for an energy-aware smart city: A review
	1. Introduction
	2. Demand response programs
	3. Residential energy management systems
	3.1. Architecture and tasks
	3.2. HEMS: Generic components
	3.2.1. Smart meters
	3.2.2. Communication infrastructure
	3.2.3. Electric appliances at the demand side
	3.2.4. Special electrical appliances
	3.2.5. PMC
	3.2.6. Generic HEMS process cycle


	4. Role of HANs in HEMSs
	5. Role of optimization techniques in HEMSs
	6. Optimization techniques for future networked grid
	7. Objectives and constraints for HEMSs
	8. Smart home energy management challenges
	9. Conclusion
	List of symbols
	Compliance with ethical standards
	Conflict of interest
	References


