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Desire to make the grid smarter, safer,
reliable and more cost-effective using
advanced sensors, communication
technologies and distributed computing.
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"Smart grid" is a concept with many elements where monitoring
and control of each element in the chain of generation,
transmission, distribution and end-use allow our electricity
delivery and use more efficient.

FierceSmartGrid: There are many definitions of "smart
grid" -- how do you define it?

Saifur Rahman: "Smart grid" is a concept with many
elements -- it's not a physical thing. | like to say that a
smart grid starts at the generator and ends at the
refrigerator.

http://www.fiercesmartgrid.com/story/smart-grid-starting-generator-ending-
refrigerator/2013-02-19?utm_medium=nl&utm_source=internal
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Technology

Rates & Regulations




Intelligence
Two-way communication
Real-time monitoring & control
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Merging Power Flow with
Information Flow:

Integrated Communications
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e Technical

e Regulatory

e Business

e Conservation Voltage Reduction
e Peak Load Reduction
e Faster Outage Recovery

e Renewables Integration
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Customer voltages are
maintained higher near the
substation to provide an
acceptable level near the end
of the circuit.

For each 1% reduction in
voltage, there is as much as a
0.5% to 1% decrease in
energy use at the customer
end.
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>25% of distribution and >10% of generation assets are needed

less than 5% of the time (S100s of billions of investments)

Source: US Dept of Energy
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e In the US 20% of the load happens 5% of the
time

e In Australia 15% of the load happens 2.5 days in
a year or less than 1% of the time

e In Egypt 15% of the load happens 1% of the time
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Capacity (MW) is INVESTMENT
And
Energy (MWHTr) is REVENUE

Several US states are regulating capacity growth

(eg., Indiana limits its capacity to negative growth)

19

Smart meters allow automated outage information
notification

Distribution automation and advanced switching
capability allow sectionalizing and faster
distribution circuit reconfiguration to restore
healthy sections to service
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It helps to integrate intermittent
sources of generation into the
electric power grid.

Short term load control for a large number of end-
use devices through demand response makes it
possible to get quick load relief to match
fluctuations in generation.

24
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Load Control
at the Customer Level can provide
significant short term load reduction

A cheaper option to get load relief

How to incentivize the customer?

25

's Demand Respon esearch

Current Approach:

* During a power system stress condition, an electric utility sends control
signals to shed selected commercial/residential loads.

* This is based on prior agreements with the customer.
* The customer has no control beyond the initial consent.

VT Approach:

* A demand reduction request (kW) is sent to individual residential/
commercial customer through the smart meter or a customer interface
device.

* The customer can accept the demand reduction request in part or in full.

* The customer now has a choice and can decide which appliances to
control based on their preference and load priority.

26
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5 ppliances to be Controlled
VA"'}

* Focus on power-intensive loads, including:

' (>

Space heating/
cooling unit

Electric vehicle

Clothes dryer Water heater (3.3-16.8 kW for level-2)
(2-5 kw) (4-5.6 kw) (3.8-5.5 kW)

* Customers have a choice to decide which appliances to
control based on their priority and customer preference.
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T's ConCeptual HEM Hardware

TS

Two components: 1) HEM unit and 2) load controller box.
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provides customer interface to monitor & control appliances. It includes embedded
algorithms for managing power-intensive loads based on their priority and customer
preference.

e Time varying rates

e Who pays the upfront costs
e \Who owns the data
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e Cost recovery

e Customer acceptance
e Trained manpower

Smart Grid Information Clearinghouse

PIs: Dr. Saifur Rahman and Dr. Manisa Pipattanasomporn

Objective: To design, populate, manage and maintain a public SGIC web
portal that reaches out to a broad user community both for
information gathering and knowledge delivery.

www.SGlClearinghouse.org

32
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Smart Grid www.sgiclearinghouse.ory
Information Clearinghouse

Electric
Vehicle

Penetration

Announcement:

FOR CONSUMERS P> SMARTGRID 101 PP PROJECTMAP B TECHNOLOGIES PP SMART GRID STORIES
— — - - -
] i/ / | / /

r A\ / 5 N Trustworthy Cyber Infrastructure for the
S 74 - .
. Power Grid (TCIPG) Summer School in St.

Charles, IL, June 17-21, 2013.

June 18 ESTAP Webinar: An Overview of the Energy

K S G
New to the Smart Grid? Projects near you? What are the Smart Grid Storage Handbook
Visit our 101 page! See our map. Technologies? DOERSS-[06/14]
Silver Springs Extends Partnership With Virginia Utility
EVENT |  Content Submission Platf

CALENDAR @MARTG RID.cov

What can the Smart Grid
do for me?

Use case Contact SGIC team

" Product registration Smart grid project (U.S.)
AR , + Document & multimedia Smart grid project (intemational)
N - ‘p |, Consumer awareness program
g
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Home » Smart Grid Projects

Welcome to the beta site for the Smart Grid Information Clearinghouse. We expect to officially launch the site in Fall 2010.
We welcome suggestions on the site's usability. Please submit your comment here.

Smart Grid Projects

The SGIC Project page archives both American Recovery and Reinvestment Act of 2009 (ARRA) funded projects, and other smart grid projects in the United States. Use the
menu below to navigate through the ARRA and other projects.
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Smart Grid Information Clearinghouse (SGIC)

SmartGrid101 | SmartGrid Projects LTV ELY-SESIPL IR  In-Depth Information

Use Cases
7!'” Home » International Smart Grid Projects Lessons Learned
= Welcome to the beta site for the Smart ( Cost-benefit Analyses se. We expect to officially launch the site in Fall 2010.
We welcome sugges Business Cases 'lease submit your comment here.

Performance Data

International Smart Grid Projects

‘The SGIC international project page archives information about smart grid projects in Africa, Americas, Asia, Europe and Oceania. Use the menu below to navigate through
the international smart grid projects by continent. Click here for projects in the United States.

UL Africa  Americas  Asia  Europe  Oceania

Al
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Distribution
(Wide Area Network)

Metering
(Neighborhood Area Network)

Consumer
(Home Area Network)

Prof. Saifur Rahman
www.saifurrahman.org
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