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UNIT-1
INTRODUCTION TO SMART GRID

1. What is Smart Grid?

A smart grid is an electricity network that uses digital and other advanced technologies to monitor
and manage the transport of electricity from all generation sources to meet the varying electricity
demands of end users.

(Or)

The smart grid makes use of technologies such as state estimation that improve fault detection and
allow self-healing of the network without the intervention of technicians. This will ensure a more reliable
supply of electricity and reduce vulnerability to natural disasters or attacks.

(Or)

A smart grid refers to an advanced electricity distribution network that incorporates modern
communication, sensing, and control technologies to efficiently manage and optimize the generation,
distribution, and consumption of electricity. It is an enhanced version of the traditional electrical grid that
enables two-way communication between the utility and the consumers, allowing for real-time

monitoring, analysis, and control of electricity flows.
The key features of a smart grid include:

Advanced Metering Infrastructure (AMI): Smart grids employ smart meters that provide
detailed information on energy consumption and enable two-way communication between the utility and
consumers. This allows for accurate billing, remote reading, and real-time monitoring of electricity
usage.

Automated Control and Monitoring Systems: Smart grids use advanced sensors, automation,

and monitoring systems to gather real-time data on electricity generation, transmission, and distribution.

This data helps grid operators identify and respond to fluctuations in electricity demand, voltage levels,

and potential faults, improving the overall reliability and efficiency of the grid.
Distributed Energy Resources (DERS): Smart grids integrate various distributed energy
resources such as solar panels, wind turbines, energy storage systems, and electric vehicles into the grid

infrastructure. These resources can feed surplus electricity back into the grid or draw power from it as
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needed, enabling better management of intermittent renewable energy sources and supporting
decentralized power generation.

Demand Response and Energy Efficiency: With a smart grid, consumers can actively
participate in managing their energy consumption. They can access real-time energy pricing information,
receive automated energy usage feedback, and adjust their consumption patterns accordingly. This
enables demand response programs where consumers can voluntarily reduce their electricity usage during
peak periods, helping to balance the grid and avoid blackouts.

Grid Resilience and Self-Healing: Smart grids are designed to be more resilient against power
outages and faults. Through advanced monitoring and control mechanisms, they can quickly identify and
isolate affected areas, reroute power flows, and restore service faster. This self-healing capability
improves overall grid reliability and reduces downtime.

Improved Integration of Renewable Energy: Smart grids facilitate the integration of renewable
energy sources into the electricity grid by providing real-time monitoring and control of power flows.
This enables better management of the intermittent nature of renewable energy and promotes the use of
clean energy resources.

The implementation of a smart grid aims to optimize electricity delivery, enhance grid reliability,
reduce energy waste, and enable the integration of renewable energy sources, ultimately leading to a

more sustainable and efficient electrical infrastructure.

2. Working definitions of smart grid and associated concepts:

A smart grid refers to an advanced electrical grid system that incorporates modern
communication, control, and monitoring technologies to enhance the efficiency, reliability,
sustainability and security of electricity generation, transmission, and distribution. While there is no
universally accepted definition, here are two commonly used working definitions of a smart grid:
Definition emphasizing advanced technology:

A smart grid is an intelligent and digitally enabled electricity network that integrates
advanced sensors, meters, communication infrastructure, and control systems to optimize the
generation, distribution, and consumption of electricity. It enables two-way communication between
the utility and consumers, facilitates the integration of renewable energy sources, supports demand
response programs, and enhances system reliability and resilience.

Definition emphasizing system objectives:
A smart grid is a modernized electrical power infrastructure that encompasses a wide range

of technologies, strategies, and policies. It aims to achieve multiple objectives, such as improving
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energy efficiency, reducing greenhouse gas emissions, integrating distributed energy resources,

empowering consumers with information and control, enhancing grid security, enabling the

electrification of transportation, and facilitating the integration of new technologies and services

into the energy ecosystem.

3. Smart grid functions:

A smart grid is an advanced electrical grid that uses digital communication technology and

advanced sensors to improve the efficiency, reliability, and sustainability of electricity

distribution. It incorporates various functions to enable better management and control of power

generation, transmission, distribution, and consumption. Here are some key functions of a smart

grid:

1.

Advanced Metering Infrastructure (AMI): Smart grids employ smart meters to collect real-
time data on energy consumption and provide two-way communication between the utility and
consumers. This enables accurate billing, remote meter reading, and demand response
programs.

Demand Response (DR): Smart grids facilitate demand response programs where consumers
can adjust their energy usage based on signals from the grid. This helps balance electricity
supply and demand during peak periods, reducing strain on the grid and avoiding blackouts.
Distribution Automation: Smart grids utilize automation technologies to monitor and control
the distribution of electricity. This includes automated switches, reclosers, and sensors that
detect faults, optimize power flow, and quickly isolate and restore power in case of outages.
Renewable Energy Integration: Smart grids support the integration of renewable energy
sources, such as solar and wind, by efficiently managing their intermittent generation and
variability. They enable real-time monitoring and control of renewable energy resources to
balance supply and demand.

Energy Storage Management: Smart grids facilitate the integration of energy storage
systems, such as batteries, into the grid infrastructure. Energy storage helps store excess
energy during periods of low demand and release it during peak times, enhancing grid stability
and optimizing resource utilization.

Grid Resilience and Self-healing: Smart grids are designed to be resilient to disruptions and
able to quickly recover from faults or outages. Self-healing capabilities enable the grid to
automatically detect, isolate, and reroute power in the event of a fault, minimizing the impact

on customers.
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7. Grid Analytics: Smart grids employ advanced data analytics techniques to process the vast
amount of data collected from various grid components. This data analysis helps utilities
optimize grid performance, detect anomalies, predict demand patterns, and plan maintenance
and infrastructure upgrades more effectively.

Electric Vehicle (EV) Integration: With the growing adoption of electric vehicles, smart
grids play a crucial role in managing EV charging infrastructure. They enable intelligent
charging and load balancing to ensure efficient charging without overloading the grid.
Microgrids and Peer-to-Peer Energy Trading: Smart grids can facilitate the formation of
microgrids, which are localized, self-contained grids that can operate independently or connect
to the main grid. They also enable peer-to-peer energy trading, allowing consumers to buy and
sell excess energy directly to others within the grid.

These functions of a smart grid contribute to a more efficient, reliable, and sustainable electricity

system, enabling better utilization of resources, reduced energy waste, and enhanced grid

management capabilities.

. Traditional power grid and smart grid:

The traditional power grid refers to the conventional electricity distribution system that has
been in use for many decades. It consists of a centralized power generation system, typically using
fossil fuel-based power plants or nuclear power plants, that produces electricity and transmits it
over long distances through high-voltage transmission lines. The electricity is then distributed to
consumers through a network of lower voltage distribution lines.

The traditional power grid operates with limited real-time monitoring and control
capabilities. It generally lacks advanced communication and information technologies, which
limits its ability to efficiently manage power generation, transmission, and distribution. The main
features of the traditional power grid include:

1. One-way power flow: Electricity flows in one direction, from the power plants to consumers,
with limited feedback or interaction from the consumers.
Limited visibility: The grid operators have limited visibility into the real-time status of power
generation, transmission, and distribution, making it challenging to respond quickly to faults

or fluctuations in demand.
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Inefficiency: The traditional grid is less efficient due to power losses during transmission and
distribution, and the inability to dynamically adjust power generation to match demand
accurately.

On the other hand, a smart grid is an advanced electricity distribution system that

incorporates modern communication, information, and control technologies to optimize the

efficiency, reliability, and sustainability of the electrical grid. The smart grid aims to enhance the

traditional grid by adding intelligence and automation to various components of the system. Some

key characteristics of a smart grid are:

1.

Two-way power flow: The smart grid enables two-way power flow, allowing for the
integration of distributed energy resources (DERs) like solar panels and wind turbines.
Consumers can generate their own electricity and feed the excess back into the grid.
Advanced metering and monitoring: Smart meters are installed at consumer premises to
enable real-time monitoring of energy consumption. This data helps consumers and utilities to
make informed decisions and optimize energy usage.

Enhanced automation and control: The smart grid utilizes advanced control systems and
sensors to improve fault detection, isolation, and restoration. It enables remote control and
monitoring of grid assets, optimizing their operation and reducing downtime.

Integration of renewable energy sources: The smart grid facilitates the integration of
renewable energy sources into the grid by providing mechanisms for efficient management of
intermittent generation and demand response programs.

Improved efficiency and reliability: Through better monitoring and control capabilities, the
smart grid reduces power losses, optimizes power flow, and enables quicker response to
outages or fluctuations in demand. This leads to improved energy efficiency and overall grid
reliability.

Demand response and consumer engagement: The smart grid empowers consumers by
providing them with real-time information on energy usage and pricing. It enables demand

response programs where consumers can adjust their electricity consumption based on pricing

signals, leading to reduced peak demand and better grid management.

The transition from a traditional power grid to a smart grid involves upgrading the existing

infrastructure, deploying advanced sensors and communication networks, and implementing

advanced analytics and control systems. The smart grid is seen as a critical component of the

future energy system, enabling a more sustainable, efficient, and reliable electricity grid.
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5. New technologies for smart grid:

The development of smart grid technologies has been ongoing, and there are several new and

emerging technologies that are transforming the energy landscape. Here are some of the notable

advancements in smart grid technologies:
1.

Advanced Metering Infrastructure (AMI): AMI, also known as smart meters, enables two-way
communication between the utility and the consumer. It provides real-time data on energy
consumption, allows for remote meter reading, and facilitates demand response programs. Smart
meters enable more accurate billing, efficient load management, and greater consumer awareness
of energy usage.

Grid Sensors and Monitoring: Advanced sensors are deployed throughout the grid to gather
real-time data on power flows, voltage levels, and other crucial parameters. These sensors help
utilities monitor and analyze grid performance, detect faults or outages, and optimize grid
operations. By identifying and addressing issues proactively, utilities can improve reliability and
reduce downtime.

Distribution Automation: Distribution automation involves the deployment of intelligent
devices, such as reclosers, switches, and sensors, on the distribution grid. These devices enhance
fault detection and isolation, reduce outage duration, and enable automatic reconfiguration of the
network to restore power quickly. Distribution automation improves the reliability and resiliency
of the grid.

Energy Storage: Energy storage technologies, such as batteries, play a vital role in optimizing
the integration of renewable energy sources and managing peak demand. They enable the storage
of excess electricity generated during low-demand periods and its utilization during high-demand
periods. Energy storage enhances grid stability, improves renewable energy integration, and
supports load balancing.

Microgrids: Microgrids are localized energy systems that can operate independently or in
connection with the main grid. They integrate distributed energy resources (DERs) like solar
panels, wind turbines, and energy storage. Microgrids can disconnect from the main grid during
outages and provide reliable power to critical facilities. They enhance grid resilience, enable
localized energy management, and support renewable energy deployment.

Demand Response Technologies: Demand response programs incentivize consumers to adjust
their energy usage during periods of high demand. With smart grid technologies, utilities can

communicate real-time price signals or load reduction requests to consumers. Smart appliances,
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programmable thermostats, and home energy management systems enable consumers to
participate in demand response and optimize their energy consumption.
Grid Analytics: Grid analytics leverage advanced data analytics techniques, machine learning,
and artificial intelligence to gain insights from the vast amount of data generated by the grid. By
analyzing historical and real-time data, utilities can improve grid planning, predictive
maintenance, asset management, and optimize grid operations. Grid analytics enhance grid
efficiency and facilitate proactive decision-making.
These are just a few examples of the new technologies driving the advancement of smart
grids. The combination of these technologies is transforming the traditional power grid into a more

reliable, efficient, and sustainable energy system.

6. Advantages of Smart grid:

Smart grids offer numerous advantages over traditional electricity grids. Here are some of the key
advantages:

Improved reliability: Smart grids utilize advanced sensors, automation, and monitoring systems to
detect and respond to outages and disturbances in real time. This allows for faster identification and
restoration of power, reducing downtime and improving overall grid reliability.

Efficient energy management: Smart grids enable better energy management through the
integration of renewable energy sources, energy storage systems, and demand response programs.
This helps optimize the generation, distribution, and consumption of electricity, leading to reduced
energy waste and improved efficiency.

Enhanced integration of renewable energy: Smart grids facilitate the integration of renewable
energy sources such as solar and wind power by providing the necessary infrastructure and grid
management capabilities. They enable better monitoring, forecasting, and control of renewable
energy generation, supporting a smoother and more reliable integration into the grid.

Improved grid flexibility: Smart grids enable bi-directional energy flow, allowing consumers to
become prosumers who can generate and sell excess electricity back to the grid. This fosters the
growth of distributed energy resources (DERS) like rooftop solar panels, small wind turbines, and
electric vehicle charging stations. The grid's ability to accommodate these distributed resources
enhances flexibility, resilience, and local energy independence.

Enhanced grid security: Smart grids incorporate advanced cybersecurity measures to protect

against cyber threats and physical attacks. With improved monitoring and control systems, potential

Prepared by: Dr KV Ramana Reddy, Dept. of EEE. Malla Reddy College of Engineering and Page |
Technology, Secunderabad



}" %%ﬂ{ A A I 2 Smart Grid Technologies -
Ag!

& &' | COLLEGE OF ENGINEERING AND TECHNOLOGY R2040230

e MRCET-AUTONOMOUS o

issues can be identified quickly, and appropriate actions can be taken to mitigate risks and ensure

the security of the grid infrastructure.
Cost savings: Smart grids help reduce operational costs by optimizing grid performance,
minimizing transmission and distribution losses, and enhancing maintenance and asset management.
By facilitating demand response programs, they also enable load shifting, reducing peak demand
and avoiding the need for costly infrastructure upgrades.
Better customer engagement: Smart grids provide consumers with real-time information about
their energy usage, allowing them to make more informed decisions about their consumption
patterns and costs. This engagement empowers consumers to take control of their energy usage,
conserve energy, and potentially reduce their bills.
Environmental benefits: By integrating renewable energy sources and optimizing energy
management, smart grids contribute to a more sustainable and greener energy system. They help
reduce greenhouse gas emissions, promote the adoption of cleaner technologies, and support the
transition to a low-carbon economy.

Overall, smart grids offer a wide range of advantages that enhance grid reliability, efficiency,
flexibility, security, and customer engagement while supporting the integration of renewable energy

and contributing to environmental sustainability.

7. Indian smart grid:

The Indian smart grid refers to the modernization and digitization of the electrical grid in

India. It aims to integrate advanced technologies, communication systems, and renewable energy

sources into the existing power infrastructure to improve efficiency, reliability, and sustainability.

Here are some key aspects and initiatives related to the Indian smart grid:

1. Advanced Metering Infrastructure (AMI): The implementation of smart meters is a crucial
component of the Indian smart grid. Smart meters enable two-way communication between
consumers and utilities, allowing real-time monitoring of electricity consumption, remote
reading of meters, and accurate billing. It also helps in demand response programs and reduces
non-technical losses.

Renewable Energy Integration: India has set ambitious targets for renewable energy
generation, including solar and wind power. The smart grid facilitates the integration of these
intermittent energy sources into the grid by leveraging technologies such as energy storage
systems, smart inverters, and microgrids. This integration helps balance the grid, manage power

fluctuations, and optimize the utilization of renewable resources.
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3. Grid Automation and Control: Smart grid technologies enable automated control and

monitoring of the electrical grid. This includes the deployment of Supervisory Control and Data
Acquisition (SCADA) systems, intelligent sensors, and advanced analytics to detect faults,
optimize energy flow, and ensure grid stability. Automated grid control enhances system
reliability, reduces outage durations, and enables faster restoration during disruptions.

Demand Response Programs: Smart grid infrastructure enables demand response programs
that incentivize consumers to adjust their electricity usage in response to price signals or grid
conditions. This flexibility helps manage peak loads, improves grid stability, and encourages
energy conservation. It also supports the integration of electric vehicles (EVs) by enabling smart
charging and vehicle-to-grid (V2G) interactions.

Grid Security and Resilience: With increased digitization, cybersecurity becomes a critical
concern. The Indian smart grid emphasizes robust cybersecurity measures to protect against
potential threats and ensure the integrity of data and communication networks. Additionally,
grid resilience strategies are implemented to mitigate the impact of natural disasters and enhance
the grid's ability to quickly recover from disruptions.

Policy and Regulatory Framework: The Indian government has formulated policies and
regulations to support the development and deployment of smart grid technologies. Initiatives
such as the National Smart Grid Mission (NSGM) and the Ujwal DISCOM Assurance Yojana
(UDAY) focus on promoting smart grid adoption, encouraging investments, and improving the
financial health of power distribution companies.

The implementation of the Indian smart grid is a gradual and ongoing process, involving

collaboration between utilities, government agencies, technology providers, and consumers. The

aim is to modernize the power sector, optimize energy management, and pave the way for a

sustainable and reliable electricity infrastructure in India.

8. Key Challenges of Smart grid:

The implementation of smart grids poses several challenges that need to be addressed for

successful deployment and operation. Some of the key challenges associated with smart grids

include:

1. Infrastructure and Integration: Upgrading the existing electrical infrastructure to support
smart grid technology can be a complex and expensive task. Integrating various components,
such as advanced metering infrastructure, sensors, communication networks, and control

systems, requires careful planning and coordination.
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Data Management and Security: Smart grids generate a vast amount of data from
numerous sensors and devices. Managing and analyzing this data efficiently is a significant
challenge. Moreover, ensuring the security and privacy of sensitive information transmitted
over the communication networks is crucial to protect against cyber threats and unauthorized
access.

Interoperability and Standardization: Smart grid systems often involve multiple vendors
and technologies. Achieving interoperability and standardization among different
components and systems is necessary to ensure seamless communication, compatibility, and
scalability. Developing and adopting common protocols, data formats, and communication
standards is essential for effective integration and operation.

Grid Resilience and Reliability: As smart grids heavily rely on digital technology and
communication networks, they can be vulnerable to cyber-attacks, natural disasters, or
equipment failures. Ensuring the resilience and reliability of smart grid infrastructure is
crucial to prevent disruptions and maintain a stable power supply.

Consumer Engagement and Education: Smart grids aim to empower consumers by

providing real-time information and control over their energy usage. However, achieving

widespread consumer engagement and education about the benefits and usage of smart grid

technologies can be challenging. Raising awareness, addressing privacy concerns, and
encouraging behavioral changes are important factors in maximizing the potential benefits of
smart grids.

Regulatory and Policy Frameworks: The implementation of smart grid technology
requires supportive regulatory and policy frameworks. Developing regulations that promote
investment in smart grid infrastructure, address privacy and security concerns, and ensure
fair pricing and equitable access to services can be complex. Governments and regulatory
bodies need to work closely with utilities and stakeholders to establish appropriate policies
and regulations.

Financial and Economic Considerations: Implementing smart grids involves substantial
upfront costs for infrastructure upgrades, equipment installation, and system integration.
Utilities and stakeholders need to assess the financial viability and economic benefits of
smart grid investments, considering factors such as cost recovery, return on investment, and

long-term operational savings.
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Addressing these challenges requires collaboration among various stakeholders, including

utilities, technology providers, regulators, policymakers, and consumers. Continued research,
innovation, and investment are essential to overcome these obstacles and unlock the full
potential of smart grid technologies in modernizing the power grid.
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UNIT-2
SMART GRID ARCHITECTURE

1. Components and architecture of smart grid design:
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Fig: Block diagram for smart grid Architecture

Components of Smart Grid

Renewable Energy Consumer Engagement

Operation Center Distribution Intelligence  Plug-in Electric Vehicle

Fig: Components of smart grid Architecture
Smart home uses emerging smart grid technologies to save energy, seek out the lowest rates, and
contribute to the smooth and efficient functioning of our electric grid.
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The interactive relations hip between the grid operators, utilities, and consumers helps in proper
functioning of smart grid technologies

Computerized controls in smart homes helps to minimize energy use at times when the power
grid is under stress from high demand ,or even to shift some of their power use to times when power is
available at a lower cost, ie., from on peak hours to off-peak hours
Smart home depends on -

e Smart meters and home energy management systems
e Smart appliances

e Home power generation
Smart Meters:

Provide the Smart Grid interface between consumer and the energy service provider
Operate digitally

Allow for automated and complex transfers of information between consumer -end and the energy

service provider
Help to reduce the energy costs of the consumers

Provides information about usage of electricity in different service areas to the energy service

providers

Home energy management systems:

e Allows consumers to track energy usage In detail to better save energy

Allows consumers to monitor real-time Information and price signals from the energy service

provider

Allows to create settings to automatically use power when prices are lowest
Avoids peak demand rates

Helps to balance the energy load In different area

Prevents blackouts

In return, the service provider also may choose to provide financial incentives
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Renewable Energy:

According to the International Energy Agency -

"Renewable energy Is derived from natural processes that are replenished constantly.

In Its various forms, It derives directly from the sun, or from heat generated deep within the earth.
Included in the definition is electricity and heat generated from solar, wind, ocean, hydropower,
biomass, geothermal resources, and biofuels and hydrogen derived from renewable resources.”
Reduced environmental pollution

Consumers capable of generating energy from renewable energy resources are less dependent on
the micro-grid or main grid.

In addition to that, they can supply surplus amount of energy from the renewable resources and can

make profit out of it

Consumer Engagement:

Consumers can - Save energy w it h proper scheduling of smart home appliances

Pay less for consuming energy in off-peak hours

Energy service provider gives incentives based on t he energy consumption of the consumer and
they can save money

Consumers' involveme nt in following ways:

Time-of-Use pricing

Net metering

In Time-of-Use pricing

The consumers are encouraged to consume energy in off-peak hours when the energy load is less
Throughout the day,the energy load on the grids are dynamic

In on-peak hours, if the requested amount of energy is higher, it leads to -

Less-efficient energy distribution

Home energy management system tries to schedule the smart appliances in off peak hours
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Operation Centers:

Drawbacks of traditional operation centers

Tries to make sure the amount of generated energy Is getting used

The grid is unstable,if the grid voltage drops due to excess energy generation
Limited control capabilities

No means to detect oscillation which leads to blackout

Limited information about the energy flow through the gridSmart grid

Advantages:

Provides information and control on the transmission system
Makes the energy grid more reliable
Minimize the possibility of widespread blackouts.

For monitoring and controlling the transmission System in smart grid, phasor measurement
unit (PMU) is used.

PMU samples voltage and current with a fixed sample rate at the installedlocation.
It provides a snapshot of the active power system at that location.

By increasing the sampling rate, PMU provides the dynamic scenario of the energy

distribution system.
PMU helps to identify the possibility of blackout in advance.
Multiple PMUs form a phasor network.

Collected information by the phasor network is analyzed at centralized system,
i.e.,bSuperviso ry Control And Data Acquisition (SCADA) system Self-healing of
grid.

Dampen unwanted power oscillations.

Avoid unwanted flows of current through the grid.

Reroute power flows in order to avoid overloading in a transmission line.

This is part of distribution intelligence

Distribution Intelligence:
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Distribution intelligence means the energy distribution systems equipped with
smart loTdevices

v Along with smart meters, distribution intelligence can -

v'Identify the source of a power outage

v Ensure power flow automatically by combining automated switching
v Optimize the balance between realand reactive power.

Reactive power:

v" Devices that store and release energy

v" Cause increased electrical currents without consuming real power
Intelligent distribution System

v Maintains the proper level of reactive power in the System

v" Protect and control the feeder lines

Plug in Hybrid Electric Vehicles (PHEV):

Plug-In Hybrid Electric vehicles (PHEVs) are being introduced in the market asan option for
transportation. The introduction of HEVs into the transportation sectorcan be viewed as a good start,
but the range (the distance that can be travelled withone charging cycle) is not adequate. So PHEVs
have started penetrating the market, in which the batteries can be charged at any point where a
charging outlet is available. For HEVSs, the impact on the grid is not a matter of concern, since HEVs
are charged from their internal combustion engine by regenerative braking, whenever the driver
applies a brake.

As a result batteries in HEVs maintain a certain amount charge (70-80%). In the case of PHEVs the
car batteries are used steadily while driving in order to maximizefuel efficiency and the battery charge
decreases over time. The vehicle thus needs to be connected to the power grid to charge its batteries
when the vehicle is not in use. During its charging time, the plug-in vehicle more than doubles the
average household load [1]. Hence, for PHEVS, a major concern is the impact on the grid, since they
can be plugged in for charging at any point in the distribution network regardless of time. PHEVs
will be posed as a new load on the primary and secondarydistribution network, where many of these
circuits are already being operated at their maximum capacity.

With the increase in the number of PHEVS, the additional load has the potential to disrupt the grid
stability and significantly affect the power system dynamics as a whole. The following sections will

discuss the various approaches that have been proposed in order to face the problem of overloading
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the grid. There has been movement in the recent years to modernize the aging US power grid and the
concept of smart grid has been introduced as the power grid of the future which will be reliable,

providing dependable power at competitive prices and offer means for swift correction.

2. Review of the proposed architectures for smart grid:

Smart grid architectures are designed to modernize and enhance the efficiency, reliability, and
sustainability of the electrical grid. Several proposed architectures have emerged over the years, each
with its own strengths and limitations. Here is a review of some common architectures for smart grids:
Centralized Architecture:

In this architecture, a central control system manages and monitors the entire grid. It allows for
efficient coordination and optimization of grid operations. However, it can be vulnerable to single points
of failure and may have limited scalability.

Distributed Architecture:

A distributed architecture decentralizes control and decision-making by deploying intelligence
and control capabilities at various points within the grid. It offers greater flexibility, reliability, and
resilience compared to a centralized approach. However, coordination and communication between
distributed components can be challenging.

Hierarchical Architecture:

A hierarchical architecture combines elements of both centralized and distributed approaches. It
features multiple levels of control, where higher-level controllers oversee broader aspects of the grid,
while lower-level controllers manage localized functions. This architecture strikes a balance between
scalability and efficiency but may introduce complexities in coordination.

Peer-to-Peer Architecture:

In a peer-to-peer architecture, devices within the grid, such as smart meters and distributed energy
resources (DERs), communicate and exchange information directly with each other. This eliminates the
need for a central control system and offers greater autonomy and efficiency. However, ensuring security
and trustworthiness in peer-to-peer communications can be challenging.

Cloud-based Architecture:

Cloud-based architectures leverage cloud computing resources to store and process grid data,
enabling advanced analytics and decision-making. This architecture offers scalability, accessibility, and
powerful computing capabilities. However, concerns regarding data privacy, latency, and dependency on

external networks may arise.
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Microgrid Architecture:

A microgrid architecture focuses on creating localized, self-contained grids that can operate
independently or in coordination with the main grid. It allows for integration of renewable energy sources
and promotes energy independence. However, managing the interconnection between microgrids and the
main grid can be complex.

It's important to note that these architectures are not mutually exclusive, and hybrid approaches
can be employed based on specific requirements and use cases. The choice of architecture depends on
factors such as grid size, geographical constraints, technology maturity, regulatory frameworks, and
cybersecurity considerations.

In summary, each smart grid architecture has its own advantages and challenges. The selection of
an appropriate architecture should be based on careful analysis of the specific needs and goals of the grid

deployment, along with considerations for scalability, reliability, security, and operational efficiency.

3. The fundamental components of smart grid designs:

System Coordination,
Situation Assessment

7

System
Operations

Transmission
Automation

Distribution
Automation

Renewables
Integration

Energy
Efficiency

Demand Participation
Signals & Options

Distributed
Generation & Storage

Smart Appliances,
PHEVs, & Storage

Fig: Fundamental components of smart grid design

Smart grid designs typically consist of several fundamental components that work together to
enable efficient and reliable electricity generation, distribution, and consumption. Here are the key

components of a smart grid:
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Advanced Metering Infrastructure (AMI): AMI includes smart meters that provide two-way
communication between utility companies and consumers. Smart meters enable real-time monitoring of
energy usage, facilitate remote meter reading, and enable demand response programs.

Distribution Automation: This component involves the use of sensors, communication networks, and
automated control systems to monitor and control the distribution of electricity. It helps identify and
isolate faults, optimize power flow, and improve the overall reliability and efficiency of the distribution
system.

Demand Response (DR): DR programs allow consumers to adjust their electricity usage based on price
signals or grid conditions. Consumers can voluntarily reduce their electricity consumption during peak
demand periods, which helps balance the supply and demand, avoid blackouts, and optimize grid
operations.

Energy Storage: Energy storage technologies, such as batteries and flywheels, play a vital role in smart
grids. They allow for the integration of intermittent renewable energy sources by storing excess
electricity during periods of low demand and supplying it when needed. Energy storage also enhances

grid stability and resilience.

Renewable Energy Integration: Smart grids encourage the integration of renewable energy sources,
such as solar and wind, into the power grid. They enable efficient monitoring, control, and management
of distributed energy resources, promoting the seamless integration of variable renewable generation.
Grid Monitoring and Control: Smart grids rely on advanced monitoring and control systems that
collect real-time data from various grid components, such as transformers, substations, and power lines.
This information helps grid operators optimize operations, detect and respond to faults quickly, and
improve overall grid reliability.

Cybersecurity: Given the increased connectivity and reliance on digital systems, smart grids require
robust cybersecurity measures. Protection against cyber threats is crucial to ensure the integrity,
confidentiality, and availability of grid operations and data.

Data Analytics and Management: Smart grids generate vast amounts of data from multiple sources.

Data analytics and management systems help utilities extract valuable insights, optimize energy

operations, predict demand patterns, and enhance grid planning and asset management.

Microgrids and Decentralized Energy Systems: Smart grids often incorporate microgrids, which are

smaller-scale power systems that can operate independently or in parallel with the main grid. Microgrids
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facilitate localized generation, storage, and consumption of electricity, promoting energy resilience and
reducing transmission losses.

Electric Vehicle (EV) Integration: Smart grids facilitate the integration of electric vehicles into the grid.

They provide charging infrastructure, demand management for EV charging, and vehicle-to-grid (V2G)

capabilities, allowing EVs to serve as energy storage resources and participate in grid balancing.
These components work together to create a flexible, efficient, and reliable -electricity
infrastructure capable of accommodating changing energy demands, promoting renewable energy

integration, and improving grid resilience.
4. Transmission Automation:

Transmission automation includes the following smart grid technologies. They are

1. Dynamic Line rating

2. High Temperature Low sag conductors

3. HVDC and FACTS

4. Wide Area Monitoring Systems (WAMS)

5. Renewable Energy Management System

Flexible AC Transmission System (FACTS):

FACTS is a new integrated concept based on power electronic-Switching converters and dynamic
controllers to enhance the system utilization controllability and increase power transfer capability as

well as the stability, security, reliability and power quality of AC system interconnections.
Classification of FACTS controllers:
In general FACTS controllers can be classified into four categories.

< Series controllers - TCSC, SSSC
< Shunt controllers — SVC, STATCOM
< Combined series-series controllers - IPFC

«» Combined series-shunt controllers - UPFC
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5. Distribution Automation:
It includes the following smart technologies. They are

1. Smart metering and Advanced Metering Infrastructure (AMI)
2. Demand Response Programs/ Demand side management

3. Peak load management
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4. Power Quality Management

Utilities that attempt to deploy smart grid applications universally across their service area
must first deal with the automation they have already deployed. Most utilities have several “islands of
automation” in place, developed on a project-by-project basis over the years. Automation projects have
tended to be “spotty” and incomplete due to a lack of a business case, especially in the distribution
environment. Now that the business environment for widespread automation is improved, system
engineers must ind ways to incorporate these legacy systems into the new smart grid.

An important factor is that many of the technologies used in these legacy systems are
becoming obsolete and are no longer supported. The “technology time warp” in the power industry is
such that many technologies considered “advanced” by utilities are already considered to be aging and
on the way out in general computing environments. Examples of such technologies are SONET, Frame
Relay, 10 Mbit Ethernet, trunked radio, and even leased telephone lines. Many older technologies, such
as Bell 202 modems, are now essentially only found in utility automation. Smart grid deployments must
ind a way to either integrate or replace these systems.

Real-time
continency

Ntwo management
Data =S

Protection

Fig: Holistic application integration

Prepared by: Dr KV Ramana Reddy, Dept. of EEE. Malla Reddy College of Engineering and Page |
Technology, Secunderabad

11



it MALLA REDDY
‘iﬁw‘%, Smart Grid Technologies -

A g
1.7 | COLLEGE OF ENGINEERING AND TECHNOLOGY Rzlj)r}]\i:)_ZZBO

MRCET CAMPUS

MRCET-AUTONOMOUS

6. Renewable integration:

Energy storage, power electronics and communications have a key role to play to mitigate the
intermittency and ramping requirements of large-scale renewable energy penetration of wind and solar
energy. Since its inception, wind and solar technologies have made major breakthroughs and became more
reliable. Utilities are constantly incorporating these two renewable resources into their generation
portfolios. However, the biggest issue associated with wind and solar power is their unpredictability and
variability of the output. In addition, these technologies also require regulation.

Solar and wind energy productions are not dispatchable and result typically in high levels of power
and associated voltage luctuations. Common problems in remote wind production areas include low
capacity factors for all the wind farms, impacts of line contingencies on wind farm operations, curtailment
of wind farm outputs during high production times, and high ramp rate requirements [1]. In most urban
regions, PV lat-plate collectors are predominately used for solar generation and can produce power
production luctuations with a sudden (seconds time-scale) loss of complete power output. With partial PV
array clouding, large power luctuations can also result at the output of the PV solar farm with large power
quality impacts on distribution networks. It is clear that these power variations on large-scale penetration
levels can produce several power quality and power balancing problems. Cloud cover and morning fog
require fast ramping and fast power balancing on the interconnected feeder. Furthermore, several other
solar production facilities are normally planned in close proximity on the same electrical distribution
feeder that can result in high levels of voltage luctuations and even licker. Reactive power and voltage
proile management on these feeders are common problems in areas where high penetration levels are
experienced.

Energy storage systems can be used for smoothing the power out of renewable sources. This
can be accomplished by limiting the rate of change of the output of a renewable resource. Energy storage
systems can either add or remove power from the system as needed in order to smooth the power output of
a renewable resource. One of the most promising solutions to mitigate these integration issues is by
implementing a hybrid fast-acting energy storage and STATCOM in a smart grid solution. Several fast-
reacting energy storage solutions are currently available on the market. For mitigating the mentioned wind
and solar integration problems, the energy storage device needs to be fast acting and a storage capability
of typically 15 min—4 h and a STATCOM that is larger than the battery power requirements to have
adequate dynamic reactive power capabilities. Figure 3.6 shows a STATCOM— BESS application for
mitigating the wind farm related integration issues [2]. The main components and technical characteristics

of this smart energy storage solution are described as follows:
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* 8 MW/4 h battery

* 20 MVAr inverters for BESS and STATCOM

* Integrated control and HMI (human-machine interface) of STATCOM and BESS system

« Substation communications interface for integrating the BESS solution into a distribution automation
and 1SO market participation environment.

30 MVA g, i
66 kKV/345kV 7T

Several
25 MVA Tr '*_—-:_—:'
345 KV 480 W '

AC/DC
converter

STATCOM

20 MVAr

Integrated 20 MWAr
STATCOM with
32 MWh BESS

8 MW for
4 h

Fig: Basic Schematic of STATCOM-BESS application.
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