SMART GRID

Definition

A Smart Grid is an advanced electrical power system that uses digital communication,
automation, sensors, and computer technology to monitor, control, and optimize the generation,
transmission, distribution, and consumption of electrical energy.

Need for Smart Grid
e Growing electricity demand
o Integration of renewable energy sources
e Reduction of power losses
o Improved power quality and reliability
o Efficient energy management
e Reduction in greenhouse gas emissions
e Better consumer participation

Objectives of Smart Grid
e Improve system reliability
e Increase energy efficiency
e Reduce transmission and distribution losses
o Enable renewable energy integration
e Provide real-time monitoring and control
e Improve power quality
e Reduce operating costs

Components of Smart Grid
1. Smart Meters
o Measure energy consumption in real time.
o Enable remote meter reading.
2. Communication Network
o Transfers information between utility and consumers.
3. Sensors
o Detect voltage, current, and faults.
4. Control Center
o Monitors and controls the entire power system.
5. Distributed Energy Resources (DER)
o Solar PV
Wind energy
Small hydro
o Battery storage
6. Advanced Distribution Management System (ADMS)
o Controls and optimizes power distribution.
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Features of Smart Grid

Two-way communication
Self-healing capability
Automatic fault detection
Real-time monitoring

Demand response management
Renewable energy integration
Smart metering

e Cyber security
Working Principle
1. Electricity is generated from conventional and renewable sources.
2. Smart sensors continuously monitor the grid.
3. Smart meters send consumption data to the utility.
4. The control center analyzes the data.
5. Automatic controllers regulate power flow.
6. Faults are detected and isolated automatically.
7. Consumers receive real-time usage information.
Advantages
e High reliability

Improved power quality
Reduced transmission losses
Faster fault detection
Efficient energy management
Supports renewable energy
Lower operational cost
Better customer service
Reduced carbon emissions

Disadvantages

High installation cost
Cybersecurity risks

Data privacy issues

Complex communication network
Requires skilled manpower

High maintenance cost

Applications

Smart homes

Smart cities

Industrial automation
Electric vehicle charging



Renewable energy systems
Microgrids

Energy management systems
Distribution automation

Difference Between Conventional Grid and Smart Grid

Conventional Grid

One-way power flow

Manual operation
Electromechanical meters
Slow fault detection

Less efficient

Limited renewable integration

Manual monitoring

Challenges of Smart Grid

High investment cost

Cyber attacks

Standardization issues
Communication reliability

Data management

Consumer awareness
Integration of renewable sources

Smart Grid Technologies

Smart Metering Infrastructure (AMI)
SCADA System

Phasor Measurement Units (PMU)
Internet of Things (IoT)

Artificial Intelligence (AI)

Cloud Computing

Energy Storage Systems
Distribution Automation

Smart Grid

Two-way power and information flow
Automatic operation

Smart meters

Instant fault detection

Highly efficient

Easy renewable integration

Real-time monitoring



Smart Grid Architecture
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MICROGRID

Definition

A Microgrid is a small-scale power system consisting of distributed energy resources (DERSs),
energy storage systems, and electrical loads that can operate either connected to the main grid or
independently (island mode).

Need for Microgrid
o Improve power reliability
o Integrate renewable energy sources
e Reduce transmission losses
e Provide uninterrupted power during grid failures
o Improve energy efficiency
e Support rural electrification
e Reduce greenhouse gas emissions

Objectives of Microgrid
o Supply reliable electricity
e Increase energy efficiency
o Utilize renewable energy effectively
e Reduce dependence on the main grid
o Improve power quality
e Reduce operating costs

Components of a Microgrid
1. Distributed Energy Resources (DERs)
e Solar PV
e Wind turbine
o Diesel generator
e Fuel cell
e Microturbine
2. Energy Storage System (ESS)
o Batteries
e Flywheels
e Supercapacitors
3. Loads
o Residential
e Commercial
e Industrial
o Critical loads (Hospitals, Data Centers)
4. Power Electronic Converters
e Inverters
e Rectifiers
e DC-DC converters



5. Control System

Monitors voltage, frequency, and power flow
Controls generation and load demand

6. Communication Network

Transfers information between components
Enables remote monitoring and control

5. Types of Microgrid
A. Grid-Connected Microgrid

Connected to the utility grid
Imports or exports power
Operates normally with the main grid

Advantages

Reliable supply
Lower operating cost
Power sharing with the utility

B. Islanded (Standalone) Microgrid

Operates independently
Supplies power during grid outages
Used in remote villages and islands

Advantages

Continuous power supply
High reliability
Suitable for isolated areas

Modes of Operation
1. Grid-Connected Mode

Connected to the utility grid
Power exchanged with the main grid
Renewable sources reduce grid dependence

2. Island Mode

Main grid disconnected
Local generation supplies the load
Battery storage maintains voltage and frequency

Working Principle
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Renewable and conventional sources generate electricity.

Energy is supplied to local loads.

Excess power is stored in batteries or exported to the main grid.

During grid failure, the microgrid disconnects automatically.

Local sources continue supplying electricity until the main grid is restored.



Advantages
o High reliability
e Reduced transmission losses
o Better power quality
e Supports renewable energy
e Lower carbon emissions
o Improved energy security
o Faster restoration after faults
e Continuous supply to critical loads

Disadvantages
o High initial investment
e Complex control system
e Protection coordination issues
o Battery replacement cost
e Maintenance requirements

Applications
e Smart cities
o Hospitals
e Universities
e Military bases
e Industrial parks
e Remote villages
e Commercial buildings
e Data centers
e Island communities
Microgrid Architecture
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12. Difference Between Smart Grid and Microgrid

Smart Grid Microgrid
Large power network Small localized network
Covers cities or regions Covers a campus, industry, or village

Uses digital communication and automation Uses local generation and storage
Connected to the utility grid Can operate with or without the grid
Supports many microgrids Can be a part of a smart grid

Challenges
o High installation cost
e Complex control and protection
e Renewable energy intermittency
o Communication and cybersecurity issues
e Energy storage limitations



