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Direct customer experience

RAnaheim Public Utilities - Turn-key Spare the Power
Days critical peak rebate program

PG&E - Smart meters for PG&E’s customers above 200
kW representing $3B annual revenue

California Large 10Us - Data management for the
California Statewide Pricing Pilot EDISON

R‘PowerCents.DCTM — Project design, implementation

and operation for Washington D.C. smart

meter/thermostat pilot ! pepco
Ontario Smart Price Pilot — Project design, %En
iImplementation, and operation for time-of-use and ydro »
critical peak pricing pilot E_ﬁ

e
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Case study: PowerCentsDC

Smart Grid pilot
e About 1,000 residential customers throughout District of
Columbia
Integrated “Smart” approach
- Dynamic prices based on interval usage data
- Energy information feedback: with bills, in home, online
- Smart appliances: automated control via smart thermostats

Consumers had ability to manage their energy costs
By shifting use from peak to other times

* By reducing total electricity use

vA 4
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PowerCentsDC design

Goals:
« How much do consumers reduce peak demand?

« How do consumers feel about the program and
features?

Methodology:

* Test plan by Frank Wolak, Professor of Economics
at Stanford

e Classic experimental analysis by comparing control
vs. treatment

e Participants selected randomly

Customer groups:
* Critical Peak Pricing

e Critical Peak Rebate
 Hourly Pricing

vA 4
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PowerCentsDC prices

Standard rate

* Two tiers Price Comparison on Critical Peak Days
« Higher price for $1.00
more usage $0.80 CPP Energy
.. ) ' I Prices
Critical peak price/peak $0.60 |
day pricing . CPP Price
0.40
o Slight discount during Average Price CPR Energy Prices
most hours $0.20 ol _ ——— o _
* Much higher price during $0.00
60 critical peak hours
-$0.20
per year
« 15 events, 4 hours each -$0.40 Inverted Discount
. . Block Price Price
 Day-ahead notification -$0.60
Peak time rebate/critical -$0.80 =
eak rebate ]
P $1.00 Rebate for k\Wh
o Stay on standard rate Reduction

« Rebate for reductions
during critical peak hours
w‘e“v
eMeter
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HOU rly priCing Load Duration Curve

Without & With Hourly Pricing

Price varies hourly 55000
 Day ahead 50000 \
 PJM in 2008-9 from $0.37 per kWh to $0.00 45000 \\

\

Attributes 40000

MW

» Greatest savings opportunity 35000

« Potentially highest risk 30000 \

* Incentive to shift from high- to low-cost
periods throughout year 25000

* Good for intermittent renewables & EVs 20000 \

——Flat Rates

~——CPP
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Standard Offer Service Price

Lehman Bros. Bankruptcy

and Credit Crunch 10/20/08

1/18/09

August 2009 Heat Wave

7/17/09 wA g
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Recruitment

Random selection
Single letter
CPR most popular

Recruitment

Customer Group Response
Standard Customers 6.2%
All-Electric Customers 7.2%
Standard RAD Customers 8.0%
All-Electric RAD Customers 6.4%
Weighted Average 6.6%
Recruitment
Pricing Option Response
Critical Peak Pricing 6.5%
Critical Peak Rebate 7.4%
Hourly Pricing 5.5%
Weighted Average 6.6%

PowerCentsDC

Dear Weighbar:

In this time of increasing energy prices, a new program is avadabke that wil provide you
miormation about your energy use and help you manage your elecinicity bils!

¥ou are among a selkect group of District of Celumba residonts imvibed to participate in
PowerCants0C ™, 2 now glectricity pricing program. |2 will nun for twe years, beginning this fall.
PowerCentsdC s provided by a non-profit corporation, S P'F‘I'. comprised of Pepco, the DG
Public Service Commission, the DC Office of the People’s Counsel, the DS Censumer Usility
Board, ard the Intzrnaticnal Brotharhood of Electrical Werkers. The program is imissd o the first
1,500 residental customers who meturn their completed ereollment forms (enclosed).

H you agres o particisabe, you #all haws different clectricity prices than your curent Pepea rate.
The neve rade will vary by time of day, with prices usually lower but semetimes higher than what
you curently pay. Please soe the enclosed brochure for details.

Particpanks will recenie:
A §100 moentive for participation = $30 upfront and 350 at the end.

& Afree smart thermostat for a limited number of participants with central air-
condiioning (avalable on a first-come, finst-serve basis).

#»  Detailed monthly electricity biling reports with colorful charts showing your dady
eledricity usage and spending.

#»  Suggested ways for reducing or shifting electricity use = and saving manery.

«  Optional day-ahead price messages for unusually high-priced days.

@ Afree smart meber ko record when you use lectricity.

To sign up, retum the enclesed enroliment form, visit our website at veeew BowerCentsDiC. org, or
call 1-500-752 - TEE2. Panicipation i limited and cnly the first to sign up will be able to join.

Your participation will help determine the types of electricity programs that are cffered in the
fubune in the District of Columbia. Thank yow for your part in helging manage eleclricty costs in
oC.

Sinceraly,

Rick Morgan,
Chaiman, SMPPI

¥ pepoo

eMeter
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Recruitment brochure

CPR sample
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Sample distribution

Random sample

Entire city
« All eight wards : \"’,

allsland

High%

All housing types
* Single family
* Multi-tenant

All demographics
e Income

 Education
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Participant education

Prior to going on the “smart prices”,
participants received a Welcome Kit PowerCentsDC

e “Smart price” reminder description «n PowerCentsDC

« Refrigerator magnet + 8 PowerCentsDC

we’ll ¢

Save money by using less energy on critical days:

LS 2-6pm (Jun-Sep) | 6-Bam & 6-8pm (Nov-Feb)

Three informational meetings R e

1-888-232-5949 support@pmerm‘ntjdc.nrg

* One for each pricing group

During the course of the pilot
* Electric Usage Reports

Stock Up an

d Savel
ing hot r afternoons,

oo ergy
ler 1

« Monthly energy savings tips

« Consumer engagement website

« Smart thermostat in home display

s a power n turn o
the power strip when n. uxuxhgth mute Remembe some power
ips h lights.

B I 0 g PowerCentsDC n PQPOO
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Electric usage report

PowerCentsDC Electric Usage Report

Comes each month with bill | = |

Test Customer

123 Test Street
KRXHRRRARK KX 09060 . Daily Electricity Usage

O
Account Number: 99999999
OWS e al O n u S ag e For Billing Questions call 1-888-232.5049 1
n =

THe— %ﬁc
to: Support@PowerCentsDC.org 50
Wisit www.PowerCentsDC.org for E %0
assistance in conservation and reducing =
PY B d usage during critical peak periods 30
y day :
| Rate Information I 10
Rate code: CPP-AE Critical Peak Pricing 0 oo @ T TP P EE LY L]

« During critical periods o —

Price for usage during critical peak periods

Services for March 7, 2008 to April 9, 2008

I To reduce your next electric hill, reduce usage during critical
peak periods (6 am to 8 am and 6 pm to 8 pm).

* Bam - 8am & Bpm - 8pm (Nov - Feb)

Shows detail on spending— - ___;zmo=

on-CPP Usage
s
periods.
Minimum charg

* In parallel with usage

Critical peak periods during
March 7, 2008 - April 9, 2008

March 12,13 NONNENNONnD

- = W Hon CPP-Up to A00KWH  Non GPP - Over 400 KWI

* TI e r 1 an d TI e r 2 COStS W Weskends - Up ta 400 KWH  Weekends - Dver 400 KWH
| [

Electric Bill Summary

utside of critical peak

E-]

@
&

Services for Mar 7 to Apr 9 Generation Services | Distribution Services [lransmission Services| Current
- Price level KWH Used Per KWH | per kwH per KWH* per KWH nﬁzi;g::u
CO I O rfu I g rap hS fo r q u I C k Critical Peak 2427 50.24810 56.02| 50.00845 50.23) 50.00412 $0.10 $6.25
Above 400 KWh 125211 $0.11 $0.08550 $107.06] $0.01552 $19.43] 5000413 $5.17 121,66
'::g?; 31 1o 400 KWh 24573 £0.08550 §20.56] $0.00045 $3.27) 8000412 3143 524,26
r e fe r e n C e Mon-CPP in first 30 30.00 $0.08550 $2.57| $0.00945 50,28 incleded in minimum charge $2.85
Energy charge 1,652.11 $145.21 $23.21 $6.70 §175.12
Min/Customer charge $2.00 $0.12 $2.12
Other charges*** 1,652.11 §2.88 F11.01 $13.89
Total Charges 1,652 $148.08 $36.22 §6.82 $191.13

*Totals may not add up due to rounding. ** Average price par KWH ***This may be displayed as multiple lines on the bill

why

2
eMeter
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Consumer engagement software

Web 2.0 dashboard

 Minimal charts

e Large headings

 Not too much text
Usage

« Month to date

« Compared to last month
Pushed data

e Alerts

 Usage reports

Context

Energy Saving
Tips

Hourly Rates

Hourly Rates -
All Electric

FAQ

Thermostat
FAQ

Notification
FAQ

About Us

About the
Program

Contact Us

PowerCentsDC

tar Priot Program, i

4187

as]| Pl

i Current Costs

Details

Your pricing plan Is currently set
for Time OF Use (TOU).

Cut Energy Costs

/'s\ |C(EEP It Cool
ool your home at
78° or warmer
with the thermostat fan
switch on "auto." For
additional savings, raise your
thermostat to 82° or warmer

when you're away from home.

More Savings Tips

See All Mlerts )

Welcome Back,
Annabelle Leaferton

Account #

246721209

Current Bill Period

JUL 04-AUG 03

Last Payment: $174.31

received JUN 28 View History

Your Balance: $168.24
Make Payment

Energy Usage Environmental Impact
Usage is up = Propane Tanks
t32 16
_ Details . Details
This billing period so far compared Burning this much prop equals

to last billing pericd at this time.

Be Energy Efficient

Consumption At
]| A Glance
I™ Though accounting
for only 5 percent of the
world's population, Americans
consume 26 percent of the
world's energy.

More Usage Tips

your impact within this bill period.

Reduce Your Impact

Renewable
* Energy
Within 15 years,

renewable energy could be
generating enough electricity
to power 40 million homes
and offset 70 days of oil
imports.

More Green Tips

Telephone: 1-888-232-5949 | Fax: 1-877-204-0327
Email: info@PowerCentsDC.org

Slide 12
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-
Price response results from PowerCentsDC

 Higher price differentials led to greater peak demand

reductions
Price Plan Summer Winter Peak
Y-17¢ Reduction
Reduction
CPP 349% 13%
CPR 13% 5%
HP 49 2%

« Participants at all income levels responded to the price signals

CPR Participants by Summer
Income Level Peak Reduction

13%

Residential with Limited 11%
Income ‘

»A g
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Automation and weather

Smart thermostats caused larger reductions

Rate Group No Smart| With Smart
Thermostat| Thermostat

R-CPP 29% 49%
R-CPR 11% 17%
AE-CPP 22% 51%
AE-CPR 6%0 24%

Higher temperatures caused larger reductions

Rate Group Peak Reduction
At 85°F At 97°F

CPP 26%0 43%0
CPR 8% 20%
HP 3% 3%
i
eMeter
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Bill savings

Prices designed to be revenue neutral
- Average customer pays same bill if no peak load reduction

- Strategy failed for HP prices due to rapidly declining PJM prices

Analysis for CPP and CPR only

- 9196 of participants saved money
- Average 12-month savings was $43.83 (4%)
- Average 12-month bill increase for the other 9% was $17.43 (2%)

30%
25%
20%
15%
10%
5%
0%
-5%
-10%

Percent Savings by Individual CPP or CPR Participant

35%

100 200 300 400 500 600

700

80%
70%
60%
50%
40%
30%

20%

10% -
0% -

Participant Savings by Range

10%+

5to 10% 0to 5% 5%to0 -10%to-5% -10%+

LY

2
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Participant satisfaction

Would you Which price plan Overall, were you
recommend did you prefer? satisfied, neutral,
PowerCentsDC or dissatisfied with
electricity pricing the PowerCentsDC

to your friends 7% program?
and family? o

5
-

74%

m PowerCentsDC

® Yes No Plan
»h g
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What motivated you to participate in
the pilot program?

/3%

Saving Reducing Improving Exploring  Assisting Other
Money  Power Plant Reliability of the Public Policy
Emissions Electricity Advantages Makers

Supply of a
Smarter
Grid
/:%é\
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PowerCentsDC Smart Grid pilot survey

Highest Interest is Usage

Consumers Want Data by Appliance
Pushed to Them

100%
o . 81%
80% |73% 0% 73% /5% 719
14% 6
60% -
40% -
20% -
0% I | | | | | |
o G % 22 gy
T (@© 8 O ® g C
= ©
.—? % 8 Q > @ %
m With bill ® Mailed reports A 3 E 3 @ 3
- . . T o L 4 =©
w Utility website m Email = o
©
%)
D
wh g
Source: Smart Meter Pilot Program, Inc. ——
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Other program results

Peak load reductions in 70 dynamic pricing experiments

11 A -
10 +
9 _
. / Average of 20%
7 _
>
=
s 6
=
e 5 -
LL
4 ,
3 _
2 _
1 _
X x X X X X X X x X X x X x X
N O o < [co] N O o < [0 AN =] o < (0]
o ° — — — N N ™ ™ ™ < < e} ) 0
+ + o o o o (@] o [@] (@] (@] (@] o o o
\o \o +— +— +— +— +— +— +— +— +— +— +— +— +—
S & X X x X X X X X X X x X x
O o < [co] N O o < Q AN (=] o <
— — — N N ™ ™ ™ < < rg) )
. XA
Source: Brattle Group Peak Reduction Range —
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Combining automation and
dynamic prices

Meta-study of 24 utility pilot and large-scale programs

50%

46%

45% A

40% A

w
<
=

(O8]
s 3
=S

N
&\5
7//N

i

22%

Peak Load Reduction
(per participating customer)
N
(63}

XX

10% -

5% -

0%
Dynamic Pricing Load Control Integrated Pricing &
Control

Source: eMeter Strategic Consulting

‘v‘e“v
eMeter

Slide 20 Copyright © 2011 eMeter Corp. All rights reserved.  Tiavecic consuiming




Do consumers generally want pricing
choices — and what about information?

100%

80%
60%
40% 7 Favor time-based
prices
20% - _
m Desire more
0% energy usage data

&K & F S \'o°b
&S &P
& N4 ¥

Source: PSE, Accenture Power Perceptions, Genesis ee—
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Information empowers consumers

Enhanced information has been shown to help customers manage
energy with knowledge of the cost implications of their choices.

Relation of Value to Cost

Where are my energy dollars going?

Electric Cost Chart | Electric Cost Table | Electric Use Ch

Annual Electric Cost

I Cooling: 30.3%
I Heating: 25.7%
B Water Heat: 15.7%
__ | Refrigeration: 8.4%
_ | Lighting: 6.3%
0 Appliances: 3.0%
| Televisions: 2.5%

___|Elec. Base Charge: 8.1%

Slide 22

Benchmarks

Electric Chart | Electric Table |

Electric Use Comparison

Customers
L Like Me

My Home

o 5000 10000 15000 20,000 25000 30,000
kWh

W Heating [ Cooling J Other

You use 3,065 kWh more than other hames similar to yours.

Copyright © 2011 eMeter Corp. All rights reserved.

Contextual Tips

Details Details
T d fees are estimated Gurrent usage compared to the
for Residential e time |35t bill periad.

Cut Energy Costs Be Energy Efficient

Switch to a laptop
computer

The next tirme you buy a
new computer, consider

Get rid of your spare
refrigerator

vou'll save roney and
energy if you unplug or
recycle an unneeded spare going with a laptop, In
refrigerator sitting in your general, laptops usually
aarage. consurne much less energy

Mare Wiays to Cut Costs compared to dasktop
computers.

More Ways to Use Less

vA 4

i
eMeter
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Information feedback effect

Results from 42 programs of different mechanisms, including in-
home displays, websites, bill inserts, and mailed reports.

Direct Indirect
Feedback Feedback
Programs Programs Total Programs Savings
3 3 20%
20% of peak,
1 1 weekdays
2 1 15-19%, Mon-Sat
8 6 14 10-14%
11 3 14 5-9%
4 3 7 0-4%
Weighted average savings 9.4%
Source: eMeter Strategic Consulting RYvy
Slide 23 Copyright © 2011 eMeter Corp.. All rights reserved. ?Meotel;‘



PowerCentsDC Data Architecture

W Interval m_m.,_,
" data O I

Smart meter
head end

Prices, usage m_mm_.
& bill MTD, I

VIS A b

events, Load control
control head end
commands

———hia T

RS 3 fmeevend
—t— &[] Consumer

ool

engagement

——tialT—
——FRetae—p Ry
Billing/CIS

o

~

Integrated system

/

AR
— GhkRE —p @
= &'
—ar—— &L
e

as

Monthl m_m_. "
¢ gl nerand
onthly Pepco Bllllng
bill e
— !hhi
 —

Recruitment,
monthly e e
energy report y.5. Mail

/ :-u s
N 5

\ email

\ Mobile SMS
Cost, usage, =
carbon data; j :
event ™
notifications; V‘owicemail
consumer e
engagement ———
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Roadmapping the future

Consumer Engag

Awareness Influence SR
Behavior
Change
Energy Consumer . Intelligent
Core Info & Analytics Analytics & ARSI nergy Sourcing
Elements Content
* Usage * Comparisons e Alerts * Pricing plans e Real-time,
e Cost * Facts & Tips * Notifications e Load control best price
* CO, * What If’s sourcing

* Community

— : z:;cww - _ABCergy
Consumer ' 7 ==
Access Points - .._ ; | =
Web Email Mobile SMS S
eMeter
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Information standards

Authorized Third Party

Utility Data Center TS |

———————————————————————————— 1 1 1

i 1 Open !

1 - ADE 1

- - 1 1 1

e | ey | e | gen |o-—— [ e, |

Mgmt & Clg Site ADE* : Infoqmation :
Application

1 1

- I I

J

Smart Netwo;k\

Application Platform

Communication Network Head End

Next day data

1
1
1
- N\ i Real-time
1

I

I

Smart Meter R'Aél\élilo data H

Communications > HA_N > |

Network HAN Device :

Radio : I

~—— | i

S A

* - “OpenADE” includes NIST PAP10

and NAESB ESPI, plus privacy e
eMeter
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Privacy and data access

Draft decision issued by CPUC last Friday

Information access

o Utility: daily update of usage, bill to date, and
projected bill; rate comparison; prices; and
notifications

 Third parties: with customer authorization, both via
OpenADE (voluntary standard) and OpenHAN

Privacy and security
e Third parties must agree to follow CPUC rules

HAN interface
o Utilities must pilot turning on the interface

w‘e“v
eMeter
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Combining prlcmg and control

Utility Data Center

Meter
Data
Mgmt

Utility
Billing
& CIS

EV
Mgmt

Smart Network
Application Platform

Communication
Network Head End

Smart Meter

Communications

Slide 28

Network

Price and/or control signals sent from EVM application
EV owner sets charging parameters on home computer

EVSE manages charger based on prices and/or control
signals

EVM also disconnects power at meter in outage to allow
use of PEV as backup power!

”’¢‘\\\~\
/”’ \\x
-~ TS
’/ \\
”f \\\
/l” \\\\
o o e - - -
i 1
1
: Home Router i Electric
N N 5 Lt
R'Az;'\éllilo I IT_|a£|I\|O "~ Equipment
RH,?\jl_\l Radio
adlo
1
—

/_‘—~__\\

eMeter
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The consumer’s perspective

“All the pieces are needed to make the smart grid work”

‘ Applications

Technologies

Segmentation
* Savers
e Sustainers
* Technophiles
* Ignorers
Applications
* Energy information
* Pricing choices
 Convenience of automation
Technologies

« Smart meters and
communications

« Smart thermostats, lighting,
appliances, equipment

 Software Ay

e

eMeter
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