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I U.S. Electricity Cost Profile

U. S. average retail price per kilowatthour is 9.83 cents

» Average Residential - )
Consumption = : . 275 B
$925KWh

» Average Monthly NV 10.36 J
Cost = $103 o | ‘1 DE

o . ‘ hD 13.08

* Median Household : : DC 12.97
Income ~ $50,000/yr

* Cost of Electricity ~ °a
2.5% of Annual
Income -~ Average Retail Price{Cents per Kilowatthour)

[16.08t07.35 []7.37 to 8.31
[ 8.42 t0 9.38 B 9.40 t0 13.08
l 13.09 to 21.21
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I Diversity Among U.S. Utilities

3,270 Utilities in the United States
210 Investor Owned
«2000+ Municipalities
*900+ Cooperatives

Tennessee Valley Distributors
Example:

* 155 Munis and Cooperatives
e Sizes: 900 to 430,000 customers
* Employees: 3 — 2700

* Density: 5 - 65 customers per
mile
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Tracking Advanced Metering Infrastructure

Coincident Visualization & Analysis Tool™

Electric Utility Advanced Metering Projects

Mapped: Total Planned Residential I

Map Legend

Planned Smart Meters

- 10M+
- 1M-10M

- 100K-1M

1-100K

None

more optiens...

Data Filters

) On (s) Off

L

~ 160 Million Electric Meters
90% Residential
~10% AMI Deployed (electric)
~35% In Play

Accelerated by $4.3B in Federal
Funding

An Evolution, No End-State

AMI/Smart Metering Projects

157 Utilities, 52,598,114 Smart Meters

By Utility

Utility / Project Name

By Location

¥ Allegheny Energy, Inc.
# Alliant Energy

P Ameren Corporation

F American Electric Powsr
¥ Arizona Public Service
P Atikokan Hydro

B Austin Energy

» Baltimore Gas & Electric

» Bangor Hydro-Electric

Planned Meters
1,140

925,000
528,000
4,614,000
800,000

1,450

234,000
1,200,000

iz0,000

a

-

Missing AMI Project? Tell us abeout it.

Map from: http://www.coincident.com/smart-meters/main.html
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Texas

Country: US

Texas
STATE
Region Code: US-TX
Total Households:

Region:

Region Type:

9,166,849
Smart Meters Planned (Residential):
Households Coverad: 74.42%
Regional Deployments:

Utility Name

Austin Energy

CenterPoint

AEP Texas

5,822,000

Southwestern Electric Powsr Company (TX)

Minror

=2l

Planned Meters

234,000
2,400,000
S00,000
148,000
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What is “Advanced Metering Infrastructure”?

AMR (Automated Meter AMI (Advanced Metering
Reading) 1990 to 2004 Infrastructure) 2004 — 2

One-way communication Two-way communication

May be mobile, or intermittent Fixed network

Monthly billing reads Interval data

No outage reporting Outage reporting

The application is a given. | | need a flexible, two-way
need to read meters. What communication system, through
systems can | use for this? which | will do many things.
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I U.S. Smart Meter Makeup

HAN

Switch

2-Way
(AMI)

Service Disconnect
Communication

Metrology and Register

Dozens of AMI Providers 6 Meter Providers

ELECTRIC POWER
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I AMI Technology Diversity

PowerLine,
RF, Wired

*Public/ Private

eLicensed/
Unlicensed

*Diverse
Frequencies

0

Jcurrent

Star / Tower Mesh
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I U.S. AMI Technology Breakout

Fiber
1%

Low Bit Rate
2.4[GHz)  Other 35%
3% -5%

BPL
15%

S00[MHz]

94%
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* AMI Application Examples
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AMI Providing Real Time Consumption Feedback

FIBER TO THE HOME
NETWORK

A "
eP'A

170,000 Meters Fiber to the Home Network includes
*125,000 Residential » Every collector connected to fiber network
25,000 Disconnects » Estimated 3-5 meters per collector at final build out
20,000 C/I * 15 minute interval data sent every 15 minutes

EPI2I | wesiarci msire
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I AMI Enabling Pre-Pay

 Offered only to new members, 75%

choose pre-pay Gibson Electric

/ﬁ/ Membership Corporation

® Your Touchstone Energy® Cooperative ?g!_)(

e Customer satisfaction rate of 98%

* Reduction of bad debt expense of
30%

* Increased customer communication
on daily usage

 Giving customers an alternative to
higher initial deposit

* Flexibility of timing and amounts of
payment

* Increased customer energy efficiency

ELECTRIC POWER
RESEARCH INSTITUTE
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AMI Supporting Remote Connect/Disconnect

= ”ET;'{:
Clarksville Department of Electricity: - E"E
@ LIGHTBAND

» 60,000 customers
 College & Military base

» 120,000 per year: C/D, move-in/out

 Selectively installing Remote C/D
Meters — approximately 40% get
switch

« $50 per truck roll ? = $6M/yr

EPISI | wesiarci msire
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AMI Enhancing Conservation Voltage Reduction

V2.,
jﬁ Dominion

LTC Regulator

Feeder

Inner
Feedback
Loop

Outer

(Seconds) Feedback
Loop
Controller (Minutes) All Meters,
After the
Fact, for
Setpoints Verification
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AMI Data Enabling Theft Detection

Register

Table
11 o J] oeilyread
1.05 35 Billing
i ll:l I Read

Daily patterns identify

Consumplion

n

Flags indicate unusual,
repetitive tamper
behavior

P

80 systematic theft
64
ag E I Caily
- Interpolated
#% 2 | Estimates
16 ¢
=4
0
Active cis

Power Off cis

Inactive cis

Deleted cis

Register Static dr

Register Gap dr

Spike Error dr
Reverse Error dr

= Shifk Ar

W
= |
)

éaver-Dl?F amr

*4

L 2 3

L £ J

Battery Low amr

#— Power COutage amr
#— Isolated Outage dr

Line T¥ Cutage dr
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AMI Data Identifying Defective Meters

| able

QOutages

I Daily Read

Register

Some meters fail
over an extended
period of time

8
d
|

Interpclated

Cansumption

Estimated

oW
m W
Awg Daily Te

]

0
. . Egtl:':ei :Di?FEtciE_
Usqge comblned wlth meter Disconnect cis
diagnostic flags identify

systematic issues

Register Static dr
. %E?C'ster Gap dr
Spike Error dr

Fevarse Error dr
Down Shift dr
—_— Up Shift d

r
» rend dr

= =

FRevarse amr
Magnetic amr
Fowesr Cutage amr
Isolated Outage dr

| | Line T¥ Outage dr

| | | =Pl
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AMI Detecting Stressed Assets

Consumption

3000 ‘ ‘ ’ ’

N I N

Transformer load growth due to single
customer, 40 apartments, converted from gas
to electric space heaters - usage increased by N

. i
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I AMI Improving GIS Data

Customer-to-Transformer Mapping

Shows Points: Date: [ 1M BN 3m | oM [12M[2am| « ¢ 01-Feb2010 24-Mar2010 > » w I
Metric: | Max Daily kWH 5 Styles: [ Value H

| _Map | Satellite | Terrain

: > ".‘V.t
; R \E r*
) \
9 e, \: /
aIGobe, Gootye, U.d{Gediogical Sirvey, Map data €2010 GooGe#2diiithe of Liss
[
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AMI Enabling Automatic Customer Phase ID

« Automatically maintain an accurate record of the
primary phase association of every customer
* To benefit outage management \
 To enable advanced volt/var optimization sou‘:‘gﬁ%m
 To guide phase balancing
« For advanced distribution automation
] # Substation Phase A . A ’ —gﬁhstaion
ool B RV S :
S g f[r'ﬂljﬂ
; 1 o |
B- B h T Substation F i
| ﬁr-’ﬁwﬁ“’”} nfw‘\ﬁ‘ -
P 8 fl el
g A 124 +- ) — e e
g . ‘ i | i I el
A A Ly r I
Voltage Shift Induced at Distribution System 123
| | | =PI | eseiecy insriure
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AMI Used to Improve Load Models

* Verifying customer
models

« Revamping
customer classes

» Reclassifying
customers

« Converting static
models to dynamic
models (switching
decisions)

© 2011 Electric Power Research Institute, Inc. All rights reserved.

Planning/
Forecasting

AMI/MDMS/
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CIS
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N
GIS E:> Distribution -
Model <:::> OMS
Data
Asset v
Management @ @
Distribution Management System Applications
. DG/ DSM,
SCADA DA VVC - |Efficiency ugrids PHEV
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I AMI Improving Billing Support

Assisting in Back Bill Estimation

e
] -
- on I Caily Read
5 8 o
- 51 I Billing
= . Read
o g
= ] eror
o |
o

Meter failures

10
™ detected based
S o EX unusual changes in
: = inte usage patterns
E é;'n I Estime._-
=
Weather-adjusted
Disconn.. profiling used to
roeldts estimate usage
A A 0 A 0 LZ2st= 2 during failure periods
and passed to billing
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* AMI Challenges and Change
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I AMI Challenge: Open Architecture
Multi-Vendor Interoperability

Metering Management Diagnostics Planning

Application
Layer

Physical
Layer

Sensors Routers Access Points

EPI2I | wesiarci msire
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AMI Challenge: Standards at All Layers

-
OSI| Model
Data Layer
e
Metwork Process to
E Application v
4 Presentation
0 Data Data Representation
| and Encryption -/
T Session R
g Data Interhost Communication
= /
~
End tD-EﬂdSCE nections
and Reliability J
~N
n Patf‘ll\lt?a_it:ﬂm%r;hun.
7 and IP (Logical Addressing) /
.
0 Data Link
;' Frames MAC and LLC
5 (Phyiscal addressing)  /
Q0
E _

4 )
Example AMI Buildup
[mm C12.19, C12. 22]

4 N
UDP/TCP/ IPV6
N /
4 N
? RPL, ROLL
o /
- J

http://en .W|k|pedia.org/wiki/Ad_hoc_routing_protocol_list
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AMI Challenge: Residential DR Integration

Reaching the
Home

Powerline Based

oy st

Wireless

g

Wired / Fiber

© 2011 Electric Power Research Institute, Inc. All rights reserved.
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Pass-Through
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Device
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Inside the Home

Via Energy
Management
Console

Direct to
Devices

e
=)

Competing
and Evolving
Technologies

N\
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I Emerging Standard:

Modular Communication Interface Concept

CURRENT ENERGY Usage

Communication
Module

s.l

Standardized Socket on End Device o/ l

Energy Management Console % S—
— EI:EI RESEARCH INSTITUTE

Any
Communication

System
. Utility, or <
www.epri.com .

h
1023245 Other Entity
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I AMI Challenge: No Dedicated RF Spectrum

300 MHz

www.ntia.doc.gov/files/ntia/publications/2003-allochrt.pdf

« FCC: No dedicated RF spectrum for AMI

* Licensed vs. unlicensed question — liability associated
with ISM band from new products

» Sub 1GHz propagation characteristics needed

EPISI | wesiarci msire
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AMI Challenge: Wired vs. Wireless

* Increasing demand for wireless spectrum for cell phone, media, &
entertainment (mobile individuals, mobile vehicles)

* Houses and meters are not mobile, do not require a wireless solution
« Availability of broadband connectivity to customer premises rising

 Cost of wired/fiber systems (private vs. shared debate, cyber security
concerns)

ELECTRIC POWER
RESEARCH INSTITUTE
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AMI Challenge: Customer Satisfaction

100000

Class 1 Accuracy Limits per
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I Expected AMI Evolution:

More Advanced Measurements

Leading [Inductive]
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I Expected AMI Evolution:
More Data, More Often

» Real-time collection

» Additional devices/applications

* Shorter intervals 1.E408 S
1.E+07
- Additional quantities osty  Sbie
?; 1.E+05 @rfc?rrrfans—
g Gap
» Back-of-the-envelope g 1+ -
calculation: 5 1.E+03
O 1.E+02 AMI
“All-In” AMI is less .  Eror Technologies
than one browse to '
.E+00
yahoocom ' 0.0001 0.001 0.01 0.1 1 10 100 1000

Throughput Index

EPISI | wesiarci msire
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I Expected AMI Evolution:
GPS in the Meter (and other devices)

*Exact asset location
*Precision time-stamping

— Support for advanced fault
location

— Cause and effect analysis -
tracing events

— Improved customer phase
identification

— Improved customer transformer
association

CPE' ELECTRIC POWER
om—
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Summary Observations

* AMI deployment level still low nationally

« Utilities focused on getting metering and billing working
first, will focus on “additional benefits” later

* Integrated service disconnect switches showing great
promise

* Flexibility required in integrating customer devices

« AMI performance is trending upward to support ancillary
functions

* Value of historical AMI data is immediate, real-time data
use is emerging, direct sharing of the AMI network is
uncertain




Together...Shaping the Future of Electricity
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