MANIECH

Publications

Recent Trends in Electrical Machines and Drives

Volume 8, Issue 1, January- April 2023

Advancements in Smart Grid Technologies: A Review of Current

Research and Future Directions

Shubhdeep Kachhawa®, Vishwas Rajput?
Assistant Professor?, Student?
Department of EEE
Vaish College of Engineering

Corresponding Author’s Email:- rajputvishwas247@gmail.com

Abstract
Smart grids are expected to revolutionize the electricity grid infrastructure by
making it more efficient, reliable, and sustainable. In this paper, we review the
recent advancements in smart grid technologies and research. We first discuss
smart grid policies, standards, and initiatives in various countries. We then
present a conceptual model for smart grids, which consists of smart
infrastructure, smart transmission, smart distribution, smart information
subsystem, smart meters, smart monitoring, data management, smart
communication subsystem, smart management subsystem, and smart
protection subsystem. For each of these subsystems, we discuss the
technologies that are being used and the ongoing research. Finally, we
conclude by highlighting the challenges and opportunities in the field and

provide future research directions.
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INTRODUCTION

The electricity grid is one of the most
critical infrastructures of modern society,
providing the energy necessary to power

homes, businesses, and industries.

However, the existing power grid is facing
a range of challenges, including aging
infrastructure, increasing demand, and the
need to integrate renewable energy

sources. To address these challenges, the
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concept of the "smart grid" has emerged as
a new paradigm for the future of the

electricity grid.

The smart grid is an advanced electricity
network that uses digital communication
technologies to enhance the efficiency,
reliability, and sustainability of the power
grid. The smart grid combines advanced
sensing, communication, and control
technologies to  enable  real-time
monitoring, management, and control of
the electricity grid. The smart grid also
provides a platform for the integration of
renewable energy sources, energy storage,
and demand response technologies, which
can improve the stability and resilience of

the electricity grid.

The smart grid is a multidisciplinary field
that encompasses a range of technologies
and applications, including advanced
metering infrastructure (AMI), energy
storage  systems, renewable energy
sources, demand  response,  smart
monitoring, smart communication
subsystems, and smart management

subsystems.

The development of the smart grid
requires collaboration among utilities,
regulators, policymakers, and technology
providers to establish the policies,
standards, and initiatives necessary to
support the deployment of smart grid

technologies.

Table 1: Comparison of Smart Grid Policies, Standards, and Initiatives

Country Smart Grid Policy and Initiative Smart Grid Standard
USA Smart Grid Investment Grant NIST Framework
EU European Smart Grid Task Force ENTSO-E
China The 12th Five-Year Plan SGCC
Japan Green New Deal JEMAI
South Korea Smart Grid Roadmap KEPCO
Australia Smart Grid, Smart City ASINZS
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Table 2: Smart Grid Technologies and Applications

Technology/Application Description
Real-time monitoring of energy consumption by

Advanced Metering Infrastructure (AMI) end-users

Integration of energy storage systems, such as

Energy Storage Systems batteries and flywheels, into the grid

Technologies to enable end-users to manage their
energy consumption efficiently, such as time-of-use
Demand Response tariffs

Integration of various renewable energy sources,

Renewable Energy Sources such as solar and wind, into the grid

Real-time monitoring of the grid for fault detection

Smart Monitoring and isolation

Communication infrastructure enabling real-time

Smart Communication Subsystem communication between various subsystems

Technologies for the efficient and intelligent

management of the electricity grid, such as grid
optimization

Smart Management Subsystem Smart
Protection

This review paper provides an overview of
the technologies and research for smart
grids. The paper begins by discussing
smart grid policies, standards, and
initiatives adopted by various countries,
including the USA, EU, China, Japan,
South Korea, and Australia. The paper
then discusses the conceptual model of the
smart grid and the various subsystems that
comprise the smart grid infrastructure,
including smart transmission, smart
distribution, smart information
subsystems, and smart meters. The paper
also discusses the smart grid technologies
and applications, such as energy storage
systems, demand response, and renewable

energy sources. Finally, the paper provides

a conclusion and recommendations for

future research in the field of smart grids.

SMART GRID POLICIES:

Smart grid policies are essential for the
deployment and integration of smart grid
technologies. Governments around the
world are implementing smart grid policies
to support the development and
deployment of smart grid technologies.
These policies aim to accelerate the
deployment of smart grid technologies by
providing financial incentives, establishing
regulatory frameworks, and promoting
collaboration among utilities, regulators,

policymakers, and technology providers.
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Table 1 provides a comparison of smart
grid policies and initiatives adopted by
various countries, including the USA, EU,
China, Japan, South Korea, and Australia.
Some of the key smart grid policies and

initiatives are discussed below:

Smart Grid Investment Grant (USA):
The Smart Grid Investment Grant program
was launched by the US Department of
Energy (DOE) in 2009 to accelerate the
deployment of smart grid technologies.
The program provided financial assistance
to utilities and technology providers to
implement smart grid technologies, such
as advanced metering infrastructure
(AMI), distribution automation (DA), and

demand response (DR).

European Smart Grid Task Force (EU):
The European Smart Grid Task Force was
established by the European Commission
in 2009 to develop a European vision for
the deployment of smart grid technologies.
The task force has developed a roadmap
for the deployment of smart grids in
Europe and has established a set of
standards and regulations to support the

deployment of smart grid technologies.

The 12th Five-Year Plan (China): The
12th Five-Year Plan for the Development
of Energy in China (2011-2015) includes a

plan for the deployment of smart grid
technologies. The plan aims to accelerate
the deployment of smart grid technologies
by providing financial  incentives,
establishing regulatory frameworks, and
promoting collaboration among utilities,
regulators, policymakers, and technology

providers.

Green New Deal (Japan): The Green
New Deal was launched by the Japanese
government in 2009 to promote the
development and deployment of renewable
energy and smart grid technologies. The
program aims to achieve a low-carbon
society by 2050 and has established a set
of policies and regulations to support the

deployment of smart grid technologies.

Smart Grid Roadmap (South Korea):
The Smart Grid Roadmap was launched by
the South Korean government in 2009 to
promote the deployment of smart grid
technologies. The program aims to
accelerate the deployment of smart grid
technologies by providing financial
incentives, establishing regulatory
frameworks, and promoting collaboration
among utilities, regulators, policymakers,

and technology providers.

Smart Grid, Smart City (Australia):
Smart Grid, Smart City is a smart grid
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pilot project launched by the Australian
government in 2010. The project aims to
test and evaluate the deployment of smart
grid technologies in a real-world
environment. The project has established a
set of standards and regulations to support
the deployment of smart grid technologies

in Australia.

In summary, smart grid policies and
initiatives are essential for the deployment
and integration of smart grid technologies.
Governments around the world are
implementing smart grid policies to
support the development and deployment
of smart grid technologies. These policies
aim to accelerate the deployment of smart
grid technologies by providing financial
incentives, establishing regulatory
frameworks, and promoting collaboration
among utilities, regulators, policymakers,

and technology providers.

STANDARDS AND INITIATIVES:

Standards and initiatives play a crucial role
in the development and deployment of
smart grid technologies. Standards ensure
interoperability and compatibility among
different smart grid components, while
initiatives provide guidelines and best
practicess for the deployment and
integration of smart grid technologies.

Table 2 provides a comparison of key

smart grid standards and initiatives
adopted by various countries and
organizations, including the IEEE, IEC,
NIST, CEN-CENELEC, and SGIP.

IEEE Standards: The |Institute of
Electrical and Electronics Engineers
(IEEE) has developed several standards for
smart grid technologies, including IEEE
1547 for interconnecting distributed
energy resources (DER), IEEE 2030 for
smart grid interoperability, and IEEE
802.15.4g for wireless communication in
smart grid applications.

IEC Standards: The International
Electrotechnical Commission (IEC) has
developed several standards for smart grid
technologies, including IEC 61850 for
substation automation, IEC 61968 for
distribution management, and IEC 61970

for energy management systems.

NIST Framework: The National Institute
of Standards and Technology (NIST) has
developed a framework for smart grid
interoperability, which includes a set of
standards and guidelines for the
development and deployment of smart grid
technologies. The framework includes
seven domains, including communication,

cyber security, and interoperability.
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CEN-CENELEC Standards: The
European Committee for Standardization
(CEN) and the European Committee for
Electrotechnical Standardization
(CENELEC) have developed several
standards for smart grid technologies,
including EN 50160 for voltage
characteristics of electricity supplied by
public distribution networks and EN 50438
for grid connection of energy systems via

inverters.

SGIP Guidelines: The Smart Grid
Interoperability  Panel  (SGIP)  has
developed a set of guidelines for the
deployment and integration of smart grid
technologies, including the SGIP Smart
Grid Architecture Model (SGAM) and the
SGIP Catalog of Standards.

In summary, smart grid standards and
initiatives are crucial for the development
and  deployment of smart grid
technologies. Standards ensure
interoperability and compatibility among
different smart grid components, while
initiatives provide guidelines and best
practices for the deployment and
integration of smart grid technologies.
Governments, organizations, and industry
stakeholders around the world are working
together to develop and implement smart

grid standards and initiatives to support the

deployment and integration of smart grid

technologies.

STANDARDS AND INITIATIVES:
Standards and initiatives play a crucial role
in the development and deployment of
smart grid technologies. Standards ensure
interoperability and compatibility among
different smart grid components, while
initiatives provide guidelines and best
practices for the deployment and
integration of smart grid technologies.
Table 2 provides a comparison of key
smart grid standards and initiatives
adopted by various countries and
organizations, including the IEEE, IEC,
NIST, CEN-CENELEC, and SGIP.

IEEE Standards: The Institute of
Electrical and Electronics Engineers
(IEEE) has developed several standards for
smart grid technologies, including IEEE
1547 for interconnecting distributed
energy resources (DER), IEEE 2030 for
smart grid interoperability, and IEEE
802.15.4g for wireless communication in
smart grid applications.

IEC Standards: The International
Electrotechnical Commission (IEC) has
developed several standards for smart grid
technologies, including IEC 61850 for
substation automation, IEC 61968 for
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distribution management, and IEC 61970
for energy management systems.

NIST Framework: The National Institute
of Standards and Technology (NIST) has
developed a framework for smart grid
interoperability, which includes a set of
standards and guidelines for the
development and deployment of smart grid
technologies. The framework includes
seven domains, including communication,
cyber security, and interoperability.

CEN-CENELEC Standards: The
European Committee for Standardization
(CEN) and the European Committee for

Electrotechnical Standardization

(CENELEC) several
standards for smart grid technologies,
EN 50160
characteristics of electricity supplied by

public distribution networks and EN 50438

have developed

including for  voltage

for grid connection of energy systems via

inverters.
SGIP Guidelines: The Smart Grid
Interoperability  Panel  (SGIP)  has

developed a set of guidelines for the
deployment and integration of smart grid
technologies, including the SGIP Smart
Grid Architecture Model (SGAM) and the
SGIP Catalog of Standards.

SMART GRID CONCEPTUAL MODEL.:
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The smart grid conceptual model is a
framework that describes the various
components and subsystems of a smart
grid. Figure 1 shows the smart grid
conceptual model, which consists of
several subsystems, including the smart
infrastructure system, smart transmission,
smart distribution, smart information
subsystem,  smart  meters,  smart
monitoring, data management (DM), smart
communication subsystem, smart
management  subsystem, and  smart
protection subsystem. Each subsystem
plays a crucial role in the operation and

management of a smart grid.

Smart Infrastructure System: The smart
infrastructure system consists of the
physical components of the smart grid,
transformers,

including generators,

switchgear, and  transmission  and
distribution lines. These components are
equipped with sensors and communication
devices to enable real-time monitoring and

control of the grid.

Smart Transmission: Smart transmission
refers to the high-voltage transmission
system that transports electricity from
power plants to distribution substations.
Smart transmission technologies include
advanced sensors, phasor measurement
units (PMUs), and Wide-Area Monitoring

Systems (WAMS) that enable real-time
monitoring and control of the transmission

system.

Smart Distribution: Smart distribution
refers to the low-voltage distribution
system that delivers electricity to homes
and  Dbusinesses. Smart  distribution
technologies include advanced sensors,
distribution automation systems, and smart
grid inverters that enable real-time
monitoring and control of the distribution
system.

Smart Information Subsystem: The
smart information subsystem includes the
hardware and software systems that enable
the collection, storage, and analysis of data
from various smart grid components.
These systems include  Supervisory
Control and Data Acquisition (SCADA)
systems, Distribution Management
Systems (DMS), Energy Management
Systems (EMS), and Advanced Metering

Infrastructure (AMI) systems.

Smart Meters: Smart meters are
electronic devices that measure and record
electricity consumption and communicate
the data back to the utility. Smart meters
enable real-time monitoring of energy
consumption and provide customers with
detailed information about their energy

usage.
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Smart Monitoring: Smart monitoring
refers to the continuous monitoring of the
smart grid components using advanced
sensors and communication technologies.
Smart monitoring enables real-time
detection of faults and anomalies in the
grid, which helps in improving the grid's

reliability and performance.

Data  Management (DM): Data
management refers to the collection,
storage, processing, and analysis of data
from various smart grid components. DM
systems enable utilities to gain insights
into their grid's performance and optimize
their ~ operations and  maintenance

activities.

Smart Communication Subsystem: The
smart communication subsystem consists
of the communication networks and
protocols that enable data exchange
between various smart grid components.
Smart ~ communication technologies
include wireless mesh networks (WMNSs),
cellular ~ communication  technology,
satellite communication, cognitive radio,
and point-to-point communication
technologies.
Wireless Technologies: Wireless
technologies provide a flexible and cost-

effective solution for communication in

smart grid applications. WMNs are self-
organizing networks that can be deployed
quickly and provide reliable
communication even in challenging
environments. Cellular communication
technology provides wide coverage and
high  bandwidth  for  smart  grid
applications.  Satellite  communication
enables communication in remote areas
where other communication technologies

may not be available.

Wired Technologies: Wired technologies,
such as fiber-optic communication and
power-line communications (PLO),
provide a reliable and secure solution for
communication in smart grid applications.
Fiber-optic communication provides high-
speed communication with low latency
and high bandwidth. PLC technology
enables communication over the existing
power lines, eliminating the need for

additional communication infrastructure.

Smart Management Subsystem: The
smart management subsystem includes the
software systems that enable utilities to
manage their smart grid operations and
maintenance activities. These systems
include asset management systems, work
order management systems, and outage

management systems.
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Smart Protection Subsystem: The smart
protection  subsystem includes the
protective devices and systems that ensure
the safe and reliable operation of the smart
grid. These devices include protective
relays, circuit breakers, and fault detectors.

CONCLUSION

The smart grid is a complex and evolving
system that requires continuous research
and development to meet the growing
demand for reliable, secure, and
sustainable energy. The development and
deployment of smart grid technologies are
driven by various standards, initiatives,
and policies, which ensure interoperability
and compatibility among different smart
grid components. The smart grid
conceptual model provides a framework
for understanding the various components
and subsystems of a smart grid and their
interactions. Smart grid technologies, such
as smart meters, advanced sensors,
communication technologies, and data
management systems, enable real-time
monitoring and control of the grid, which
helps in improving its reliability and
performance. The adoption of smart grid
technologies is expected to continue to
grow, driven by the increasing demand for
renewable energy, grid modernization, and

energy efficiency.
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