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Residential Demand Response 
as Most of Us Know It

Compliments of Comverge (adapted)
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To Switch or Not to Switch

Á Some utilities offer customers a choice

Á LG&E ïcustomers nearly evenly split

Load Switches Thermostats

Low (<$100) Cost Moderate (<$200)

Easy to install Accessibility Require scheduling/entry into home

Proven and reliable Functionality
Proven and reliable with option for 
temperature set-back

Invisible to customers
Customer 

Perspective
Some perks, but it is more obvious 
when control events occur

High failure rate after several 
years

Drawbacks
Customers may replace/switch to 
old tstat; repairs require entry
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How the Smart Grid is Changing 
Residential Demand Response

Topics for todayôs discussion
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Evolution of residential DR programs

Price-based DR: a second chance at getting it right

Load impacts of direct load control

Case study: NSTARôs Smart Grid pilot
Harry Markopoulos, NSTAR



Evolution of Residential DLC Programs

Early Years

Simple but Effective

ÅLoad switches on A/C and water heaters

ÅCycling limits for A/C run time

Å1-way radio frequency or powerline carrier

Past Decade

Technology Advances

ÅControl via ñsmartò thermostats

ÅTemperature offset strategies

ÅIntelligent algorithms

Å2-way communications possible   

but expensive

ñSmart Gridò Functionality

Å2-way communications (AMI)

ÅHome-area-networks (HANs)

ÅInterval meter data 

ÅTime-dependent pricing 

ÅWeb interface /  In-home displays

Latest Trend
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Transition to the Smart Grid

Load Management 

System (LMS)

Control
Control

ZigBee

VHF/ZigBee 

Bridge

ZigBee 

SuperStatVHF Paging

Radio Frequency Combined with HAN (1-way)

Compliments of Comverge (adapted)

Internet

Server ZigBee

Broadband Combined with HAN (2-way)
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Time -Dependent Pricing 
for Demand Response

Á Time-of-Use (TOU) rates are well-established
> Two or more discrete periods each day

> Higher prices during ñpeakò hours

ÁñTOU metersò 
> Typically used to record kWh in time ñbucketsò

> 2-way communications can enable interval metering

Á Purpose: Economic incentive to shift demand away from peak 
hours

Many utilities offer TOU rates, but they donôt work -

WHY NOT?
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Are Current Peak Prices High Enough? 

Summer Peak and Off-Peak Prices
(Energy Charge Only, from Tariff)
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Even Higher ñCritical Peak Pricesò 
for ñEvent-basedò Load Reductions

 
Summer CPP Price Tiers  

(Energy Charge Only, from Tariff)

0

10

20

30

40

50

60

70

80

SPC 

(TOU only)

Gulf Power Alabama

Power

Ameren TECO CA SPP PSEG

C
e
n

ts
 p

e
r 

k
W

h

CPP

Peak

Off Peak
Mid-peak prices not shown.

9

Source: Summit Blue Consulting



Peak Periods in Most Utility TOU Rates 
are Too Long to be Effective

 Start/End Times
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Hour of Day

SPC
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Shorter Peak Periods in ñNewò Rates

 Start/End Times

Gulf Power

PSEG

Ameren

California 

Statewide 

Pricing Pilot

APS

Alabama 

Power

SPC

(current rate)

12 15 18 21

Hour of Day
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Using the DR Tools to Create 
a ñSmartò Residential DR Program

ÁComponents
> Load switches

> Smart thermostats

> Two-way communications

> Interval meter data for time -dependent pricing

> Customer in-home display and web portal

ÁWhatôs in it for the utility?
> Reduces peak loads and defers capital investment in generation and T&D

> Addresses customer/stakeholder concerns for demand-side actions

> Offers customers opportunity for bill savings (offsets rate increase)

> Opportunity to get ahead of regulatory action

> Responds to legislative mandate
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Case Study:
NSTAR Smart Grid Pilot

Á Green Communities Act
> Required Smart Grid program with 0.25% of customers (~3000)

> Goal ï5% reduction in peak demand and energy use

Á Need to utilize recent investment in AMR infrastructure

Á Key pilot components

1. Smart meter functionality

2. Integrated two -way communications 

3. Real time measurements and communications

4. Automated Load Management

5. Time of Use or Hourly Pricing

6. Remote monitoring  and operation of distribution system

7. Rate treatment of incremental program costs
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Load 

Control

Rates

Standard

TOU with CPP

Critical peak rebate

Base Infrastructure

In-home display

AMR to HAN to Broadband

Head-end MDM and load control

Customer Segments and Offerings

~3000 Participants

Automated load control for ~1500 

TOU and rebate participants

~2000 customers

on new rates

~3000 total participants, plus a control group

Å15¢ off-peak

Å35¢ on-peak

Å$1.40 CPP

ÅNoon to 5p summer

Å4p to 9p winter

ÅThermostat and/or load switch

Å$5 rebate for not overriding



Smart Grid In -home Technologies

NSTAR
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Communications and Data Management

Á Two-way broadband communications at least during pilot 
phase

Á Back office integration for data and billing
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Highlights of NSTARôs Smart Grid Pilot

Key Dates:

Á April 1, 2009 ïplan filed with DPS

Á June 2010 ïexpected ñliveò program

Á September 2011 ïexpected end of pilot

Á Testing AMR infrastructure to provide Smart Meter functionality

> HAN communications 

> Broadband backhaul

Á Extensive customer usage information via web and in-home 
display

Á Strong price signals for TOU and CPP rates

Á New ñcritical peak rebateò not requiring baseline measurements
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Load Reductions from Residential DR

Á Rule of thumb: 1 kW per customer (diversified average)

Á Key variables
> Cycling and duration ïshort emergency curtailment may yield 2 kW

> Season/end -uses ïwinter electric heat consumes more load

> Outdoor temperature

> Cycling algorithm (ñadaptiveò?)

> Hours of the day

> Inclusive ofé

ÅCustomer overrides?

ÅFailed signals?

> Size of AC units

> Insulation of homes

18



Typical Load Reductions

Approximate Load Impact from AC Cycling

(kW per Customer)
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Source: Summit Blue Consulting based on 20 load control programs.
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Progress Energy Carolinas
Summer 2007 Thermostat Pilot

Á Size
> 470 Participants

> 110 M&V sites

Á Load control
> Thermostats only

> Cycling and temperature set-back

Á M&V - AC loggers and indoor temperature sensors

Á Typical peak weather:  96 degrees and very humid

Á Three regions:  coastal, inlands and mountain (cooler)
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Cycling Strategies
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Temperature Set -back Strategies

    Hour  

 Strategy # of 

Tests 

How 0 1 2 3 4 5 6 

 Baseline Measure 6         

N1 Emergency 2 Temp Set-back   +4  ̄ -2  ̄     

N2 Shaped to Peak 2 Temp Set-back   +1  ̄ +2  ̄ +1  ̄ -2  ̄   

N2

P 

Shaped to Peak 

plus Pre-cool 

2 Temp Set-back -2  ̄ +3  ̄ +2  ̄ +1  ̄ -2  ̄   

N3 Long Reduction 2 Temp Set-back   +1  ̄ +1  ̄ +0  ̄ +1  ̄ +1  ̄ -2  ̄

N4 Straight 

Reduction 

2 Temp Set-back   +1  ̄ +0  ̄ +1  ̄ +0  ̄   
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Load Impact of ~1kW at 50% Cycling
 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

10.5 12.2 14.0 15.1 15.9 16.4 16.7 16.6 15.7 14.4 12.8 11.3 10.3 9.2 8.5 8.1

0.8 0.9 1.1 1.4 1.7 1.9 2.1 2.3 2.4 2.3 2.1 1.9 1.7 1.5 1.2 1.1

50% 50% 50% 50%

-1 -1.1 -0.8 -0.6 0.82 0.64 0.76 0.33 -0 0

1.9 1.2 1.2 1.6 1.7 2.9 2.5 2.4 1.8 1.2 1.1

-1 0 +1 +2 +3 +4 +5 +6 +7 +8

0 2 11 19 13 7 5 4 1 1

0% 3% 17% 30% 21% 11% 8% 6% 2% 2%

29% of customers have indoor temperature increases of 4 degrees or higher

Comverge - Straight/50% Cycle

Hour Ending

THI

kW Baseline AC

No. of Customers

Percent of Cust

Strategy

kW Impact

Adjusted kW

Indoor Temp Change

Load Impacts

0.0

0.5

1.0

1.5

2.0

2.5

3.0

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour Ending

A
v

e
ra

g
e

 k
W

 p
e

r 
C

u
s

to
m

e
r

kW Baseline AC

kW Impact

 Indoor Temperature Change

0%

5%

10%

15%

20%

25%

30%

35%

-1 0 +1 +2 +3 +4 +5 +6 +7 +8

Maximum Indoor Temperature Change During Control (Degrees)

P
e
rc

e
n

t 
o

f 
C

u
s

to
m

e
rs

23



Load Reductions ñShaped to Peakò
(cycling)

Á Reductions increase with system load, peaking concurrently

 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

10.5 12.2 14.0 15.1 15.9 16.4 16.7 16.6 15.7 14.4 12.8 11.3 10.3 9.2 8.5 8.1

0.8 0.9 1.1 1.4 1.7 1.9 2.1 2.3 2.4 2.3 2.1 1.9 1.7 1.5 1.2 1.1

35% 50% 65% 35%

-0.6 -0.9 -1.2 -0.5 0.57 0.42 0.34 0.31 0.23 0.08

1.9 1.6 1.4 1.2 1.8 2.7 2.3 2.0 1.8 1.4 1.2

-1 0 +1 +2 +3 +4 +5 +6 +7 +8

0 8 26 37 24 23 14 9 3 4

0% 5% 18% 25% 16% 16% 9% 6% 2% 3%

36% of customers have indoor temperature increases of 4 degrees or higher

Comverge - Shaped to Peak

Hour Ending
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ñLongò Reduction (cycling)

Á Reductions held roughly constant during event

 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

10.5 12.2 14.0 15.1 15.9 16.4 16.7 16.6 15.7 14.4 12.8 11.3 10.3 9.2 8.5 8.1

0.8 0.9 1.1 1.4 1.7 1.9 2.1 2.3 2.4 2.3 2.1 1.9 1.7 1.5 1.2 1.1

15% 35% 35% 50% 65% 35%

-0.4 -0.7 -0.6 -0.7 -1 -0.3 0.63 0.24 0.34 0.2 0

1.7 1.5 1.4 1.7 1.6 1.2 1.9 2.5 1.9 1.8 1.4 1.1

-1 0 +1 +2 +3 +4 +5 +6 +7 +8

0 8 6 14 12 11 8 1 3 0

0% 13% 10% 22% 19% 17% 13% 2% 5% 0%

37% of customers have indoor temperature increases of 4 degrees or higher

Comverge - Long Reduction
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ñLongò Reduction 
(temperature set -back)

Á Consumption holds steady; impacts increase, then decline

Á Temperature set-back *can* yield steady load response

 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

10.5 12.2 14.0 15.1 15.9 16.4 16.7 16.6 15.7 14.4 12.8 11.3 10.3 9.2 8.5 8.1

0.8 0.9 1.1 1.4 1.7 1.9 2.1 2.3 2.4 2.3 2.1 1.9 1.7 1.5 1.2 1.1

+1 +1 +1 +1 +0 -2

-0.4 -0.6 -0.8 -0.8 -0.6 0.26 0.9 0.8 0.71 0.69 0

1.7 1.5 1.5 1.5 1.5 1.7 2.4 2.8 2.5 2.2 1.9 1.1

-1 0 +1 +2 +3 +4 +5 +6 +7 +8

0 18 6 23 15 24 6 7 1 0

0% 18% 6% 23% 15% 24% 6% 7% 1% 0%

38% of customers have indoor temperature increases of 4 degrees or higher
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kW Impact
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Indoor Temp Change

Cannon - Long Reduction
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Temperature Drives Load Impacts
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Note:  Ideal load impacts assume that all air-conditioners are running, all control signals are 

received, and there are no customer overrides.
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Indoor Temperature Change Moderate 
for Most Participants

 Indoor Temperature Change
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Only 5% of Customers Overrode More 
than One Event (out of 12)
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Forty-one customers used an override at 

least once on control event days during 

the summer of 2007.  This represents 

10% of the customers in the pilot 

(41/427).

These 41 customers used overrides on a 

total of 113 days.  

Each customer experienced 

approximately 12 control events during 

the summer of 2007.

Number of overrides during 12 events
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Spillover Effects of Load Control
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