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Abstract

The commonly utilized smart grid technology helps to reduce losses and increase system stability. It
promotes dependability, effectiveness, and efficient management of the electrical energy supply.
Although it has been a popular issue for recent papers, academics still don't fully comprehend it. Since
this subject requires a broad foundation, the goal of this review effort is to enlighten and assist
beginning researchers. It is difficult for the current electric transmission and distribution networks to
deliver resiliency in performance, dependability in service, and real-time data. While conventional
networks lack the flexibility to interact with renewable energy generators or micro grids, smart grid is a
potential network maneuver to stabilize the system whenever any disruptions break out employing
distributed renewable energy producers. This thorough effort is done to map earlier contributions in a
logical way, and it includes the requirements, features, and principles that are offered to help readers
who are interested in the creation of smart grids.
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1. Introduction

The smart energy system, a cutting-edge technical method of electricity networking, is
primarily a new generation of smart power systems. It controls the distribution networks,
transmission, and energy generation by integrating the power system with communication
technology. As a result, a system that is appealing, communicative, and competent can
handle the difficulties of power networking. It should be noted that utilities initially
developed and managed traditional power networks to provide customers inside the same

nation, as shown in Figure 1 below.
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Fig 1: Traditional power flow in the conventional grid.

High levels of availability, flexibility, and efficiency are provided by smart grids. In order to
build a two-way communication-based power system that allows operation and consumer to
interact with each other to improve service reliability in comparison to the existing power
system, an interdisciplinary integrated power grid is dependent on many elements such as
digital sensing, smart metering, online monitoring, and automation instruments. Currently,
the grid is being enhanced with several technologies to meet the evolving difficulties such
energy storage, demand response, and generation due to rising two-directional power flows,
as seen in Figure 2.
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Fig 2: Smart energy grid emerging system

While there are several effective instances of smart grid
networks, Telegestore, which was established in Italy in
2005, is the one used in this analysis. The 27 million
consumers connected by the Telegestore initiative are the
first grid to deploy smart meters. Additionally, it is stated to
be the first smart grid in the world that serves the domestic
scale. This intelligent power system allows for significant
energy savings. Three crucial components—
communication, information technology, and electricity—
are united in a smart power grid. These components
function in a certain way to provide utility and customer
feedback exchange. The implementation of electrical energy
transfer from the power provider to the consumer and vice
versa. Consumers that own PV systems that produce more
electrical energy than they use can sell the excess energy to
the utility provider for a profit. Access to inexpensive
energy resources is vital for sustainable development in
order to meet basic necessities and support productive
activities without jeopardizing the possibilities of future
generations. The world economy is powered by traditional
energy sources, yet 56.6% of greenhouse gases are released
during the burning of fossil fuels.

Thus, attempts to incorporate renewable energy sources
(wind and PV) into electricity systems are pushed by
worries over greenhouse gas emissions that contribute to
climate change. However, because it depends on wind or
sunlight, the energy produced is unpredictable. As a result
of the significant swings in their outputs, such systems are
intermittent. It is also non-dispatchable because no external
command may be modified to change its output. While
traditional grids are variable, operating a power system with
a significant proportion of renewable energy sources is a
problem due to the fluctuation in renewable energy supply.

2. Literature Review
With its rapid speed of research and development, the

electric grid is innovative. The smart grid is a focus of the
USA and the Europe. In the US, with the help of a
nationwide initiative called "Intelligent grid,” which is being
coordinated by the Department of Energy (DOE) and the
Electric Power Research Institute (EPRI), the smart grid
may be constructed. To increase the dependability of power
systems, this initiative combines the power grid with
computing systems. Additionally, DOE collaborates with
commercial entities under the "grid smart" initiative. The
project's goal is to provide standards for the power and
communication systems. The created grids also need
infrastructure for trials, smart engineering, good security,
and market framework, as well as analytical and simulation
tools.

The European Technology Platform (ETP) is committed to
the idea that Europe's electricity grids must be affordable,
highly adaptable to customer requirements, readily
available, and dependable. To fulfill the standards, it is also
necessary to employ a cost-effective method of
manufacturing solutions to improve the customary. In order
to successfully upgrade an outdated system to a new smart
arrangement, technical standards and rules to integrate the
power system and IT-based systems are required.
International organizations have varied definitions of the
smart power grid, although they all agree on its general
structure. The National Institute of Standards and
Technologies (NIST) views the smart grid as a network of
distinct power systems that uses two-way communications
and information technology, including computation,
intelligence, and cybersecurity. Figure 3 illustrates how any
smart grid is built and how it must be resilient by disruption
predictive maintenance and self-healing responding to
disturbances occur due to the high penetration of renewable
generators in order to improve power quality and reliability,
optimize facilities to avoid peak load challenges, and ensure
power plants efficiency and capacity of power networks.
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Fig 3: Taxonomy-of-literature-on-smart-energy-grid-implications-and-implementation

2.1 Motivation of Smart Energy

The excessive burning of fossil fuels has resulted in high
CO2 levels and other greenhouse gas emissions, which have
led to an increase in ecological damage on earth today.
Nations are working hard to minimize it since it is a
substantial contributor to climate change. Australian and
American forest fires are a result of the high temperatures
brought on by global warming. Other problems include
unstable weather, floods, melting polar ice, and increasing
sea levels. Power generation comes from the energy sector,
which is the one that contributes the most to global
warming. Therefore, industrialized nations work to lessen
these consequences by accelerating research initiatives to
enhance the production of renewable energy as a more
environmentally benign source of energy. The development
of the smart power grid idea has led to an increase in the
trends for current renewable generators (PV, thermal, and
wind).

2.2 Construction

Electric utilities are intelligently integrated into smart
communications systems through smart grid networks,
which makes distribution systems more active. The IT-
based communication and security technologies employed
in smart grids are subject to cyber warfare and hacking

~5~

attempts as well as to any natural calamity. In order to
defend against harmful interferences and cyberattacks,
complex encryption technologies are utilized. In order to
detect natural disturbances early, the weather monitors may
also deliver weather information in real time. Security
measures are also employed to offer vehicle maintenance,
cutting down on the amount of time it takes to fix electricity
systems.

2.3 Self-Healing Feature

According to data collected by grid sensors and information
sent by the communication system, this phrase refers to the
grid's capacity to anticipate and respond swiftly to technical
faults that arise in the system. This allows for the detection
of disturbances in distribution transformers and the
automated isolation of faults by protection equipment using
coded commands. Without having to wait for operator
interference, the auto command can protect the network
from additional harm and avoid blackouts in nearby
locations.

2.4 Smart and Efficient

All components of the traditional power grid, such as
generators, transmission, distribution, and consumers, are
included in each sector of the smart grid. To offer technical
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parameter information in a smart grid, it was therefore
necessary to be fitted with so-called advanced sensor
infrastructures (ASI). The Smart system and the traditional
system are compared in Table 1. In order to accommodate
clients and tiny, dispersed producers, the present research on
smart grids aims to expand the flexibility of integrating
operational conventional power generation with distributed
renewable generators. The environment may benefit more
from a smart grid that is more effective and can include
large-scale renewable energy sources. Current smart grid
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solutions, however, are concentrated on maintaining
electricity quality. Technical problems therefore provide the
least amount of harm to customers and electric energy
utilities. The most frequent issues with smart grids include
unstable voltage, shifting frequency, and harmonics. As a
result, the power grid now includes a number of equipment
such as data collectors, recording devices, automation,
sensors, smart meters, real-time data displays, data
management, and two-way communication applications.

Table 1: The general comparison between the current power system and the smart energy grid

No Conventional power systems Smart energy grid

1. Centralized generation. Distributed renewable generation with plug and play feature
2. One-way communication Two-way communication of energy resources interconnection
3. Electromechanical system Self-monitoring by many sensors and monitors

4. Small number of sensors Self-healing. Ability to detect and respond to faults

5. Failures and blackouts need manual restoration. Adaptive for islanding, using pervasive and extensive Control
6. Manual monitoring Limited control Greatly expanded control using data acquisition

7. Cannot be integrated with PV systems Can integrated with all sorts of renewable generators

8. | Vulnerable toward cyberattacks, vandalism, and natural effects Resilient toward attacks, natural effects, and vandalism

However, when it comes to intersensor coordination and
communication, the network becomes extremely
complicated. A new network that was created by EPRI
comprises active control, data management, and AMI. Other
elements are employed to provide smart management at the
consumer end, including internet networks, energy storage,
hybrid automobiles, customer portals, and distributed
generators. The electricity grid has an intelligent
architecture implemented, as indicated in Figure 4, to ensure
the greatest accessibility across a wide range. The power

grid's network resilience is improved by the integrated data
sensors and communication technologies amongst users. As
a result, fiber optic cables or wireless networks are used to
transmit the sensors' raw data for processing in order to
perform further controlling operations. Some of the
supporting components, including SCADA, are employed to
evaluate, identify, and forecast the unpredictably occurring
pattern of power flow. They operate quickly, dynamically,
and in real time to guarantee the grid's stability.
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Fig 4: Smart grid model and scenario by EPRI

2.5 Interface and Auxiliary Systems

The distributed generators can ride through any disruption
to restore the voltage stability in the whole grid thanks to the
smart interface between the utilized and the system. The

power grid's stability is anticipated to be aided by dispersed
generation. A smart home also has feedback mechanisms to
boost the effectiveness of harmonic and voltage restoration.
In order to reduce harmonics and variable generating

~6~
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failures, distribution generation uses more power electronic
equipment. The central automated control system of power
grids is the energy management system (EMS). Users need
an easy-to-integrate control architecture with simple
controls to prevent blocking. Outage management system
(OMS) can serve as the primary component of DMS in
areas where power outages are frequent restrictions. A smart
grid's interaction with geographic information systems
(GIS) is essential since location is yet another significant
failure  factor.  Additionally, advanced  metering
infrastructure (AMI) offers load limitation, remote
measurement, power quality monitoring, and dynamic rates.
Modern topologies incorporate automation for distribution.

3. Smart Grid Policy and Current Works

Smart grids include sophisticated operating systems that are
intended to prevent blackouts and make it easier to integrate
renewable producers into the distribution network. Figure 5
uses the smart grid as an example to show how
communication and information technology are integrated.
The need for a consistent, high-quality energy supply and
the sharp rise in the world's energy consumption drive
scientists to develop new energy-related technologies. The
use of renewable energy, notably wind and solar, which may
be linked to distribution networks, has been encouraged by
policymakers and decision-makers. To design the processes
for connecting Distribution Energy Resources (DER) to the
distribution grid, technical standards were established. To
design the processes for connecting Distribution Energy
Resources (DER) to the distribution grid, technical
standards were established. For instance, IEEE 1547, which
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essentially prohibited the DER from challenging the grid's
protective coordination or causing any overvoltage.

Lower cost and more penetration at greater sizes have been
made possible by the ongoing advancements in DER.
However, it negatively affects voltage stability and
transmission systems. The PRC-024 standard should be
revised in order to take the DER restrictions into account,
according to NERC's recommendations. In July 2016, the
most recent version of PRC-024-2 became mandatory.
Changing the inverter's voltage-time and frequency-time
settings, allowing the voltage and frequency to ride through
the fault, and giving the utility the option to let the inverter
control the distribution voltage were all addressed in a 2014
revision of IEEE 1547-a that was published as a draft
guidance.

This study focuses on increasing the system's dependability
while using distributed energy resources, such that

a. It offers an active power decrease in the event of over-
frequency.

b. It is capable of allowing the fault to pass through
(FRT).

c. It offers reactive power and voltage assistance to the
grid.

d. Itenables DER penetration levels to be higher.

Due to strong voltage stability and self-healing from voltage
and frequency fluctuation and faults, the aforementioned
functionalities  increase the grid's resilience and
dependability. Long-term grid operation is feasible
economically without many of the present grid voltage
regulation systems.
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Fig 5: The technologies combine the smart grid structure

In addition, many smart meter projects require that the
meters submit the data that the AMI receives to the data
meter management system (MDMS) [48]. MDMS controls
the data and does the analysis to give the utilities with
information. The following services are available to
consumers through AMI communication between utilities
and meters: The price of a distant customer and use time,
being able to track, save, and report client energy use for

any necessary timeframe, using a thorough produced load
profile, improve the energy diagnostic, employing a
metering feature that sends a signal when the meter is out
and when the power is restored to locate a remote powered
place, joining and disconnecting remotely, the capacity to
identify fraud and loss activities, allowing retail energy
service providers to manage revenue more effectively.
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4. Conclusion

The distribution system and energy flow are no longer
unidirectional thanks to the smart energy grid, a unique
electric power system that represents a significant
advancement of the conventional electric grid. Additionally,
the consumer side can play a very limited role in grid
stabilization. The resilience of the system depends on both
the supply and demand sides working together. In order to
shed light on this popular issue in the halls of electrical
research institutions, this review study presents the
advantages,  components,  historical, and  future
advancements of the smart grid. A number of benefits of
smart grids have been explored, including their self-healing,
intelligence, adaptability, environmental friendliness, and
quality and stability aspects. The requirements have been

examined from a wide range of aspects, including:
architecture, components, and locations. Control and
monitoring, integration with information and

communication technologies, integration with distributed
renewable generators, and distribution management are the
topics covered. Customers can help restore stability and
manage their energy use thanks to the smart grid.

5. References

1. Richard J. Campbell, The Smart Grid: Status and
Outlook, Congressional Research Service, 2018,
[Online], Available at: www.crs.gov.

2. Kopsidas K, Abogaleela M. Utilizing Demand
Response to Improve Network Reliability and Ageing
Resilience, in IEEE Transactions on Power Systems,
2019 May 34(3):2216-2227,

3. LiuY, LeiS, Hou Y. Restoration of Power Distribution
Systems With Multiple Data Centers as Critical Loads,
in IEEE Transactions on Smart Grid. 2019
Sept;10(5):5294-5307,

4. Song M, Gao, C, Shahidehpour M, Li Z, Yang J, Yan
H. State Space Modeling and Control of Aggregated
TCLs for Regulation Services in Power Grids, in IEEE
Transactions on Smart Grid. 2019 July;10(4):4095-
4106.

5. IEEE innovation at work, The Smart Grid and
Renewable  Energy, [Online], Available at:
https://innovationatwork.ieee.org/smart-grid-
transforming-renewable-energy/.

6. Qasim Taha M, Lpizra MA. Design a new PWM
switching technique in multilevel converters, 2016
Annual  Connecticut  Conference on  Industrial
Electronics, Technology & Automation (CT-IETA),
Bridgeport, CT; c2016. p. 1-4,.

7. Jamshid Aghaei, Mohammad-Iman Alizadeh, Demand
response in smart electricity grids equipped with
renewable Energy sources: A review, Renewable and
Sustainable Energy Reviews. 2013 February 18:64-72.

8. Paul Haase, Intelligrid: A smart network of power,
EPRI journal; c2005. p. 28-32,

9. Francisco-Javier Ferrandez-Pastor, Higinio Mora,

Antonio  Jimeno-Morenilla,  Bruno  Volckaert.

Deployment of 1oT Edge and Fog Computing

Technologies to Develop Smart Building Services,

Sustainability; c2018. p. 10(11).

Moamin Mahmoud A, Alicia Tang YC, Andino

Maseleno, Fung-Cheng Lim, Hairoladenan Kasim,

Christine Yong. Chapter 63 Towards the Development

of a Smart Energy Grid, Springer Science and Business

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

www.electricaltechjournal.com

Media LLC; c2020.

Bie Z, Lin Y, Li G, Li F. Battling the Extreme: A Study
on the Power System Resilience, in Proceedings of the
IEEE. 2017 July;105(7):1253-1266.

Panteli M, Mancarella P. Influence of extreme weather
and climate change on the resilience of power systems:
Impacts and possible mitigation strategies, Electric
Power Systems Research. 2015 October 127:259-270,
Mohammed Qasim Taha, Zaid Husain, Ahmed Khalid
Ahmed. Two-level scheduling scheme for integrated
4G- WLAN network, International Journal of Electrical
and  Computer  Engineering  (IJECE), 2020
June;10(3):2633-2643.

Golshani A, Sun W, Zhou Q, Zheng QP, Hou Y.
Incorporating Wind Energy in Power System
Restoration Planning, in IEEE Transactions on Smart
Grid, 2019 Jan;10(1):16-28,.

X. Liu, Shahidehpour M, Li Z, Liu X, Cao Y, Bie Z.
Microgrids for Enhancing the Power Grid Resilience in
Extreme Conditions, in IEEE Transactions on Smart
Grid. 2017 March; 8(2):589-597,

Golshani A, Sun W, Zhou Q, Zheng QP, Wang J, Qiu
F. Coordination of Wind Farm and Pumped-Storage
Hydro for a Self-Healing Power Grid, in IEEE
Transactions on  Sustainable  Energy. 2018
Oct;9(4):1910-1920,.

Jose Evora, Jose Juan Hernandez, Mario Hernandez. A
MOPSO method for direct load control in smart grid,
Expert Systems with Applications, 2015 November
30;42(21):7456-7465.

Nejad RR, Sun W. Chance-constrained Service
Restoration ~ for  Distribution ~ Networks  with
Renewables, 2018 IEEE International Conference on
Probabilistic Methods Applied to Power Systems
(PMAPS), Boise, ID; c2018. p. 1-6.

Ahn C, Peng H. Decentralized and real-time power
dispatch control for an islanded microgrid supported by
distributed power sources, Energies. 2013;6(12):6439-
6454,.

Dahal N, Abuomar O, King R, Madan V. Event stream
processing for improved situational awareness in the
smart grid, Expert Systems with Applications. 2015
November 15;42(20):6853-6863,.

Jiang Tao, Yang Jun, Xun Hua, Research and
application of intelligent alarm system for power
equipment status, Inner Mongolia Electric Power.
2017:35(6):45-49.

Amer Tayes Saeed, Mohamed Qasim Taha, Abdullah
Khalid Ahmed. Tracking technique for the sudden
change of PV inverter load, International Journal of
Power Electronics and Drive System (IJPEDS). 2019
December;10(4):2076-2083,

Guo Chuang-Xin, Zhu Cheng-Zhi, Zhang Lin, Peng
Ming-Wei, Liu Yi. A fault diagnosis method for power
transformer based on multiclass multiple-kernel
learning support vector machine, Proceedings of the
CSEE. 2010;30(13):128-134.

Mao Q, Li N. Assessment of the impact of
interdependencies on the resilience of networked
critical infrastructure systems, Natural Hazards.
2018;93(1):315-337.

Milanovi¢ JV, Zhu W. Modeling of Interconnected
Critical Infrastructure Systems Using Complex
Network Theory, in IEEE Transactions on Smart Grid.


file://server/d/Electronics%20Engineering%20(mj)%203/5.International%20Journal%20of%20Advances%20in%20Electrical%20Engineering/issue/3%20Vol/2%20Issue/www.electricaltechjournal.com

International Journal of Advances in Electrical Engineering

26.

217.

28.

2018 Sept; 9(5):4637-4648.

Almoghathawi Y, Barker K, Albert LA. Resilience-
driven  restoration model for interdependent
infrastructure networks, Reliability Engineering &
System Safety. 2019 May;185:12-23,

Tan Y, Das AK, Arabshahi P, Kirschen DS.
Distribution Systems Hardening Against Natural
Disasters, in IEEE Transactions on Power Systems.
2018 Nov;33(6):6849-6860,

Lin J, Yu W, Zhang N, Yang X, Zhang H, Zhao W. A
Survey on Internet of Things: Architecture, Enabling
Technologies, Security and Privacy, and Applications,
in IEEE Internet of Things Journal. 2017
Oct;4(5):1125-1142.

www.electricaltechjournal.com



file://server/d/Electronics%20Engineering%20(mj)%203/5.International%20Journal%20of%20Advances%20in%20Electrical%20Engineering/issue/3%20Vol/2%20Issue/www.electricaltechjournal.com

