
Introduction to Smart Grid Technologies

Designed as a quick?reference guide for students, engineers, and policy?makers.

1. What Is a Smart Grid?

Aspect Traditional Grid Smart Grid

Architecture

One?way flow of electricity

(generation ? transmission ?

distribution ? consumer).

Two?way flow of electricity and information

(integration of sensors, communication, and

control).

Key Goal
Deliver power reliably at the lowest

cost.

Optimize efficiency, reliability, sustainability,

and resilience while enabling active

consumer participation.

Core

Enablers

High?voltage transmission lines,

substations, manual operation.

Advanced metering, ICT, distributed energy

resources (DERs), automation, data

analytics.

2. Core Components

Component Function Typical Technologies

Advanced Metering

Infrastructure (AMI)

Real?time measurement, remote

reading, demand response.

Smart meters, communication

modules (RF, PLC, cellular).

Sensors & Phasor

Measurement Units

(PMUs)

High?resolution monitoring of

voltage, current, frequency,

phase angle.

GPS?synchronized PMUs, line

sensors, fault detectors.

Communication

Network

Transmits data between field

devices and control centers.

Fiber optics, wireless mesh,

LTE/5G, PLC (Power Line

Communication).

Distribution Automation

(DA)

Automates switching, voltage

regulation, fault isolation.

Remote terminal units (RTUs),

intelligent electronic devices (IEDs),

automated switches.
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Component Function Typical Technologies

Energy Management

System (EMS) / SCADA

Supervises generation,

transmission, and distribution;

runs optimization algorithms.

SCADA servers, EMS software,

Human?Machine Interface (HMI).

Distributed Energy

Resources (DER)

Generates or stores electricity

close to the load.

Rooftop PV, wind turbines, battery

storage, electric vehicles (V2G),

micro?turbines.

Demand?Side

Management (DSM)

Adjusts consumer load to match

supply conditions.

Time?of?Use tariffs, automated

demand response (ADR), smart

appliances.

Cyber?Security Layer
Protects data integrity,

confidentiality, and availability.

Firewalls, intrusion detection

systems (IDS), encryption,

authentication protocols.

3. Key Technologies & Standards

Technology Description Standard / Protocol

IEC 61850
Interoperable communication for

substation automation.
IEC 61850?1 … 61850?9?2

IEEE 2030
Guidelines for smart grid

interoperability.

IEEE 2030?1 (Power), 2030?2

(Communications)

OpenADR
Automated demand response

messaging.
OpenADR 2.0b, 3.0

DLMS/COSEM Data exchange model for meters. IEC 62056

NIST Cybersecurity

Framework

Risk?based approach to protect

grid assets.
NIST CSF v1.1

5G URLLC

Ultra?reliable low?latency

communications for real?time

control.

3GPP Release 16+

Blockchain
Decentralized ledger for peer?to?

peer energy trading.

Various consortium implementations

(e.g., Energy Web Chain)
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4. Functional Benefits

Benefit How It Is Achieved

Improved

Reliability

Faster fault detection & isolation via PMUs & automated switches; self?

healing networks.
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