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INTRODUCTION
ÅOur current electric grid is conceived more than 100 years ago when electricity needs where 

simple. 

ÅPower generation was localized. It is unidirectional .

ÅThis unidirectional way to cater the energy demands became very tough in the 21st century and 
paved the way to a new technology called smart grids.

ÅSmart grids can balance the supply and demand the power.

ÅThe drive towards a low-carbon emissions has dramatically increased the need for electricity 
suppliers to seek out and develop renewable energy sources and for consumers to curb their 
appetite for power.

3



THE TRADITIONAL POWER GRID

ÅProblems with current Power Grid

ÅIt is not efficient

ÅTransmission losses = 20%

ÅOnly 30% of the energy consumed is transmitted to consumers

ÅIt has not kept pace with modern challenges

ÅSecurity threats from energy suppliers or cyber attack

ÅLimited alternative power generation sources

ÅNo solutions for conservative use of energy

ÅUn-interruptible electricity supply

ÅPoor situation awareness

ÅPoor control and management of distribution network

Å! ά{a!w¢9wέ ƎǊƛŘ ƛǎ ƴŜŜŘŜŘΗ



THE TRADITIONAL POWER GRID
ÅThe grid we are using
ÅMany implementation decisions were made 120 years ago

Generation, transmission, distribution

http://oncor.com/images/content/grid.jpg



What does the concept of Smart Grid 
look like?

5/6/2018 Tom Oh, Rochester Institute of Technology 6

Electrical Infrastructure

òIntelligenceó Infrastructure



What makes a grid smart?

ÅThe digital technology that allows for two-way communication 
between the utility and its customers, and the sensing along the 
transmission lines is what makes the grid smart. 

ÅThe next generation power grid is based on the evolution of 
communication networking infrastructureintegrated in the 
electrical gridenhancing data exchange and automated 
management in power systems.

ÅThe electricity delivery system (from point of generation to point 
of consumption) integrated with communications and information 
technology for enhanced grid operations, customer services, and 
environmental benefits

http://www.smartgrid.gov 7



Smart grid
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What a smart grid can do?

ÅThe Smart Grid represents an unprecedented opportunity to move the 
energy industry into a new era of reliability, availability, and efficiency 
that will contribute to our economic and environment health.

ÅThe benefits associated with the Smart Grid include: More efficient 
transmission of electricity 

ÅQuicker restoration of electricity after power disturbances 

ÅReduced operations and management costs for utilities, and ultimately 
lower power costs for consumers

ÅReduced peak demand, which will also help lower electricity rates

ÅIncreased integration of large-scale renewable energy systems 

http://www.smartgrid.gov
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Smart Grid Applications

Tom Oh, Rochester Institute of Technology

Distributed Generation and Alternate Energy Sources

Self-Healing Wide-Area Protection and Islanding

Asset Management and On-Line Equipment Monitoring

Demand Response and Dynamic Pricing

Participation in Energy Markets

Shared Information ðContinuously Optimizing ðIntelligent Responses!

Real-time Simulation and Contingency Analysis



SMART GRID DESCRIPTION
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Å Participating Entities:

ÅPower Grid Parts

ENERGY PROVIDERS

POLICY MAKERS

REGULATION AUTHORITIES 

ENTERPRISES

GENERATION TRANSMISSION DISTRIBUTION CUSTOMERS



Smart Grid - more specific
Integration from supply to demand
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Integration 
of 
renewables

Demand 
response

Integration 
of electric 
vehicles

Reliability 
and 
efficiency



SMART GRID ANALYSIS
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Physical Power Layer
ÁGeneration system: Power generation in plants 

ÁTransmission: Delivers power from plants to substations

ÁDistribution: Delivers power from substations to the consumers

Transport Control Layer
Á Integrated high speed communication network

ÁSupports  secure data collection and transport

ÁPermits the interaction and communication among entities involved

ÁAdvanced sensing and measurement equipment

Application Layer
Á Includes all the services provided to end users such as automated 

metering, broadband access etc.



Smart Grid Technologies

Smart Grid technology areas which scan the entire 

span from generation to consumers are,

ÅPhasor Measurement Technique

ÅWide Area Measurement (WAM)

ÅFlexible AC Transmission System (FACTS)

ÅDistributed grid management

ÅAdvanced metering interface

wikipedia.org 15



Smart grid technologies
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Phasor measurement technique

Wikipedia.org 17

ÅHigh speed sensors calledPMUsdistributed throughout a transmission 
network can be used to monitor the state of the electric system. 
ÅPhasors are representations of the magnitude and phase of alternating 
voltage at a point in the network. 
ÅResearch suggests that with large numbers of PMUs and the ability to 
compare voltage phase angles at key points on the grid, automated 
systems may be able to revolutionize the management of power systems 
by responding to system conditions in a rapid, dynamic fashion.

http://en.wikipedia.org/wiki/Phasor_measurement_unit


A wide-area measurement system(WAMS)

ÅAwide-area measurement system(WAMS) is anetwork of 
PMUSthat can provide real-time monitoring on a regional 
and national scale. 

ÅMany in the power systems engineering community believe 
that the Northeast blackout of 2003could have been 
contained to a much smaller area if a wide area phasor
measurement network had been in place.

FACTS

Helps in transmission enhancement.

18

http://en.wikipedia.org/wiki/Phasor_measurement_unit
http://en.wikipedia.org/wiki/Northeast_blackout_of_2003


Distribution grid management 
ÅDistribution and sub-station sensing and automation can reduce 

outage and repair time, maintain voltage level and improve asset 
management. 

ÅAdvanced distribution automation  processes real-time information 
from sensors and meters for fault location, automatic 
reconfiguration of feeders, voltage and reactive power optimization, 
or to control distributed generation. 
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Advanced metering infrastructure 
ÅAdvanced metering infrastructure (AMI) involves the deployment 

of a number of technologies ςin  addition to advanced or smart 
meters that enable two-way flow of information

ÅAMI will provide a wide range of functionalities:

ÅRemote consumer price signals, which can provide time-of-use 
pricing information. 

ÅAbility to collect, store and report customer energy consumption 
data for any required  time intervals or near real time. 

ÅImproved energy diagnostics from more detailed load profiles.

ÅAbility to identify location and extent of outages remotely via a 
metering function that sends a signal when the meter goes out and 
when power is restored. 

ÅRemote connection and disconnection. 

. 
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Smart meters
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Smart Grid 
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Smart Grid communications infrastructure 

ÅThe Smart Grid communications infrastructure is 
composed of: 

üάŎƻǊŜέ όƻǊ ōŀŎƪōƻƴŜύ

üάƳƛŘŘƭŜ-ƳƛƭŜέ όƻǊ ōŀŎƪƘŀǳƭύ 

üάƭŀǎǘ-ƳƛƭŜέ όƻǊ ŀŎŎŜǎǎΣ ŘƛǎǘǊƛōǳǘƛƻƴύ

üάƘƻƳŜǎέ ŀƴŘ άǇǊŜƳƛǎŜǎέ 
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Smart Grid communications infrastructure 

Å¢ƘŜ άŎƻǊŜέ ƴŜǘǿƻǊƪ ǎǳǇǇƻǊǘǎ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ 

ƴǳƳŜǊƻǳǎ ǎǳōǎǘŀǘƛƻƴǎ ŀƴŘ ǳǘƛƭƛǘƛŜǎΩ ƘŜŀŘǉǳŀǊǘŜǊǎΦ ¢ƘŜ 

backbone network requires high capacity and bandwidth 

availability and is usually built on optical fibers.

Å¢ƘŜ άƳƛŘŘƭŜ-ƳƛƭŜέΣ ǊŜŦŜǊǊŜŘ ŀǎ ²ƛŘŜ !ǊŜŀ bŜǘǿƻǊƪ ό²!bύΣ 

connects the data concentrators in AMI with 

substation/distribution automation and control centers 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǳǘƛƭƛǘƛŜǎΩ ƻǇŜǊŀǘƛƻƴΦ ¢Ƙƛǎ ǎŜŎǘƻǊ ƴŜŜŘǎ ǘƻ 

provide broadband media as well as easy and cost-effective 

network installation. 
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Wireless Mesh Networking for the 
Smart Grid Assumptions

ÅSmart meters located at homes and businesses compose a 
neighborhood area network (NAN). 
ÅThe NAN architecture is assumedto be a wireless mesh 
network
ÅMeters communicate bidirectionally with a neighborhood 

"collector" via multihop routing.
ÅCollectors are connected directly to a utility provider.

ÅSmart meters have a limited range and not all meters can 
reach a collector directly.
ÅLabel switching concept in applied.
ÅA meter may malfunction and interfere with the proper 
forwarding of packets, e.g., delaying, altering, misrouting, 
dropping, or misinserting packets.

Tom Oh, Rochester Institute of Technology


