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AG 1.1 Staff witness Brightwell states on page 5, lines 92-94 of ICC Staff Exhibit 
3.0 that several pilots have been conducted by other utilities to investigate 
the impact of alternative rate designs and that the "evidence from these 
pilots tends to suggest that customers modify their electricity consumption 
in response to price signals." 

a. Please identify the "several pilots" referenced in this statement. 

b. Please identify the evidence that "customers modify their electricity 
consumption in response to price signals" as a result of these 
pilots. 

Response: 

a. These statements reflect Dr. Brightwell's general awareness of pilots that 
have been conducted. Some specific pilots of which he is aware are 
highlighted in Attachment 1 and Attachment 2 to this response. In addition to 
the studies summarized in Attachment 1 and Attachment 2 to this response, 
Dr. Hemphill's direct testimony mentions the extensive use of increasing block 
rates in California (ComEd Ex. 1.0, p. 39) and Xcel Energy is currently 
requesting inverted block rates as part of a rate case in Colorado. 

b. Please see Attachment 1 and Attachment 2 provided in the response to Part 
a. 
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August6,2009 Date: 

AG 1.2. 

Response. 

Is it Mr. Brightwell's opinion that customers must see time-based prices to 
respond to price signals and reduce consumption? Please discuss all the 
means by which customers can be incented to reduce consumption by 
means other than time-based prices or rates. 

No. It is not Dr. Brightwell's opinion that time-based rates are the only 
method of inducing responses to price signals. Any type of price variation 
should ultimately induce a price response. However, the costs to 
generate electricity vary by time of day. Assuming no measurement cost 
differences, this time variation of costs makes time varying rates the most 
efficient from a resource allocation focus -- provided that time-varying 
prices reflect the costs to generate electricity at the time it is sold. 

Dr. Brightwell is incapable of discussing "all the means by which 
customers can be incented to reduce consumption by means other than 
time-based prices or rates." This is too exhaustive a task. There are 
extreme measures such as shutting off service or creating criminal 
sanctions for any usage above X as a means to in cent reduced 
consumption. Among the practical means that may achieve reduced 
consumption but do not rely on time-varying rates are quantity-varying 
rates, increased information about usage, usage information combined 
with different billing mechanisms such as prepaid usage and using a flat 
rate that is higher than the current flat rate. 
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AG 1.3 

Response: 

Would Mr. Brightwell agree that the Commission should adopt the least 
cost and most cost effective means to achieve identified objectives for 
efficiency and demand response results? Please explain why or why n.ot. 

Dr. Brightwell agrees that any energy efficiency and demand response 
("EEDR") programs should be done in the least cost and most cost 
effective manner given the feasible technology. He is not entirely sure 
that being the least cost and most cost effective means to achieve 
efficiency and demand response are entirely consistent with the portion of 
the Final Order of Docket 07 -0566, which led to this proceeding or this 
pilot. That order states, "Our least cost requirements, however, do not 
require that electric service be the most simple, basic, and cheapest form 
of electric service available. The least cost provisions require that the 
chosen electric service be provided in the least cost manner." (Docket 07-
0566, Final Order, Sept. 10, 2008, page 137) 

Increasing the set of possible EEDR programs is among many potential 
benefits of AMI metering, and AMI metering may raise or lower the costs 
associated with EEDR programs. Part of the benefit cost assessment of 
AMI meters should be how it affects the cost and benefits of EEDR 
programs, but this should be done in the overall context of the evaluation. 
Any benefit or cost attributed to any facet of the AMI evaluation should be 
based on whether it is incremental to the existing meters. 
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Response: 

August 6, 2009 

In Mr. Brightwell's opinion, how could the ComEd pilot inform the 
Commission as to the proper level of usage reduction and demand 
response results compared to non-AMI means to achieve these 
objectives? 

It is Dr. Brightwell's opinion that any benefit should be measured on an 
incremental basis. The value of any reductions that are achievable by 
means that are not AMI dependent should not be attributed to AMI. 
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AG 1.5 

Response: 

Is it Mr. Brightwell's opinion that all customers will react in the same 
manner to price signals? If not, please discuss and document the 
disparity in which customers react to price signals based on your 
experience or knowledge. 

No. It is not Dr. Brightwell's opinion that any two customers will 
necessarily react to any form of incentive in the same manner. The 
magnitude of responses to price can vary for numerous reasons. These 
could range from income differences to differences in personal 
preferences to differences in opinion about environmental consequences 
of greenhouse gas emissions. The California Statewide Pricing Pilot 
examined differences in responses due to various customer attributes. A 
report on its results is attached as Attachment 1 to this response. 
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AG 1.6 

Response 

On page 5, at lines 92-93, Mr. Brightwell refer to "several pilots that have 
been conducted by other utilities to investigate the impact of alternative 
rate designs." Is Mr. Brightwell aware of the results of dynamic pricing in 
those, or any other, AMI experiments that document that customers have 
a varying response to time-based pricing compared to other means of 
obtaining demand response or usage reduction? If so, please identify 
those reports and documents. 

Please see the Staff Response to AG 1.1, Attachment 1 and Attachment 
2. 



THE IMPACT OF INFORMATIONAL FEEDBACK ON ENERGY CONSUMPTION-A SURVEY OF 

THE EXPERIMENTAL EVIDENCE 

Ahmad Faruqui, Sanem Sergici and Ahmed Sharifl 

In theory, In-Home Displays (!HDs) can revolutionize the way utilities communicate infonnation 
to customers because they can induce changes in customer behavior even when they are not 
accompanied by a change in electric prices or rebates for purchasing efficient equipment. !HDs provide 
consumers with direct feedback-real-time information on energy consumption and costs-and tum a 
once opaque and static electric bill into a transparent, dynamic, and controllable process. However, to 
what extent do consumers actually respond to the direct feedback provided by IHDs? 

In this paper, we seek to empirically answer this question by reviewing a dozen utility pilot 
programs in North America and abroad that either focus on the energy conservation impact of IHDs or 
study demand-side management technologies and include !HDs as one of the tools. We also review 
overall customer opinions and attitudes towards !HDs and direct feedback to the extent that this 
information is available from the pilot studies. 

Our review indicates that the direct feedback provided by IHDs encourages consumers to make 
more efficient use of energy. We find that consumers who actively use an IHD can reduce their 
consumption of electricity on average by about seven percent when prepayment of electricity is not 
involved. When consumers both use an !HD and are on an electricity prepayment system, they can 
reduce their electricity consumption by about twice that amount. In regard to demand response impacts, 
we find that the impact of time-of-use rates is augmented by direct feedback from !HDs. 

1- INTRODUCTION 

Imagine a world in which Joe Smith dri ves up to the gas pump in his large SUV, fills up his 

truck, and drives away without paying a dime. The gasoline is not free, but Smith won't know how 

much he purchased or how much he owes until a month later because he has a monthly account with the 

gas station. When his wife drives up to the pump in the family sedan, she goes through the same 

procedure; as does their high school senior, who drives up to the pump in her compact coupe. The 

Smiths get a combined bill a month later and don't know how the charges accumulated. Was it Joe's 

driving, his wife's driving, or their daughter's driving that accounted for the lion's share of the bill? 

What makes life even more interesting for the Smiths is that none of their cars have a speedometer or a 

gas gauge. They get no feedback at all on how to manage their gas bill. 

Are the Smiths living in some type of parallel universe? No. If we were to change the gas station 

to an electric utility in this hypothetical situation, the Smiths are living in the world as we know it today, 

The authors are economists with The Brattle Group. Comments can be directed to ahmad.farugui@brattle.com. 
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and as our parents and their parents have known it for the past century. But this may be about to change. 

Courtesy of the digital revolution, new devices are being introduced into the marketplace that would 

allow electricity customers to know where their power is going and what they can do to control usage, 

lower their bills, and also help reduce their carbon footprint? 

However, the implementation of these types of devices begs two questions: who is going to 

install and pay for them, and how much will the devices help lower usage? In this article, we focus on 

the second question. 

2- DIRECT FEEDBACK IN RETAIL ELECTRICITY MARKETS AND IN-HoME DISPLAYS 

In-Home Displays (IHDs) are drivers of a revolutionary change in the way utilities provide 

feedback in the electricity market.3 IHDs provide consumers with direct feedback-real-time energy 

consumption information both in units of energy and in dollars and cents-and tum a once opaque and 

static electric bill into a transparent, dynamic, and controllable process. Thus, IHDs provide a vehicle 

for consumers to change their electricity consumption behaviors. 

Surprisingly, the effects of various direct feedback systems on consumer behavior have been 

researched in utility pilot programs and by researchers for quite some time, going back at least four 

decades. These studies have consistently demonstrated that direct feedback motivates behavior change, 

resulting in energy savings ranging up to 20 percent. Dr. Sarah Darby of the Environmental Change 

Institute at the University of Oxford illustrated this point in her book, "Making it Obvious: Designing 

Feedback into Energy Consumption.,,4 She reviewed 38 feedback studies that took place over a period 

of 25 years, and found 21 studies that consider energy savings associated with direct feedback.5 

Amongst those studies, energy savings ranged from zero to 20 percent, with 15 of those studies falling 

in the range of five to 14 percent (The pilot studies reviewed in this paper demonstrate a similar pattern 

of energy savings associated with the direct feedback from IHDs). Darby found that direct feedback 

was the single most promising form of feedback in curbing energy consumption. Furthermore, she 

2 

3 

4 

5 

While not the focus of this paper, such changes in customer behavior can also be achieved through indirect 
feedback, smart-pricing. pre-payment. and energy efficiency. Indirect feedback is feedback that has been 
processed in some way before reaching the energy user, normally via billing (Darby 2006). In contrast. direct 
feedback provides customers with immediate consumption and cost infonnation, 
IHDs are also refelTed to as Real-Time Monitors (RTM). 
Darby (2000). 
Darby defines direct feedback as feedback that is available on demand, and as learning by looking or paying. The 
first example of direct feedback she provides is the "direct display". or IHD. 
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recommended that "metering displays should be provided for each individual household in a form that is 

accessible, attractive and clear." 

Findings in a 2007 paper by Corinna Fischer, "Consumer Feedback: A Helpful Tool for 

Stimulating Electricity Conservation?" reinforce Darby's conclusions. Fischer reviewed 26 feedback 

cases from II OECD countries. While she did not focus specifically on direct feedback from IHDs, 

Fischer found that the only feature exclusively to appear "in the best cases (but not all of them) is 

computerized feedback." 

The literature is indicative of the potential that IHDs have to reduce energy consumption. 

However, who actually benefits from IHDs and any associated drop in consumption? Energy savings 

benefit both consumers and utilities. Consumers benefit from using less electricity because it directly 

translates into a lower electricity bill. Environmentally-conscious customers derive additional value 

from cutting back their electricity consumption because it decreases their carbon footprint. 

Energy savings at the system level keep the consumption growth under check, and this often 

means avoiding incremental capacity, transmission, and distribution investments. Utilities further 

benefit from reduced greenhouse gas emissions as a result of energy savings and, depending on state 

legislation, may be able contribute energy savings towards renewable portfolio standards progress. With 

respect to demand response, utilities may find that IHDs, used in conjunction with time-varying rates, 

augment curtailment of peak demand. For utilities, reduction in peak demand means that expensive 

peaking units will not need to run as often, and less overall capacity will need to be procured from 

capacity markets. As we will demonstrate, IHDs and dynamic pricing programs together provide 

stronger demand response than dynamic pricing can accomplish alone. Thus, IHDs can contribute to 

energy conservation and demand response, while providing for smoother load profiles and greater 

electric grid stability. 

All of these factors have contributed to the growing interest in IHDs; however, governmental 

regulation is also nurturing this interest. For example, the European Union requires that energy bills be 

provided "frequently enough to enable customers to regulate their own energy consumption.,,6 Wbile 

the optimal level of billing frequency is not explicitly defined, IHDs undoubtedly fulfill that obligation 

on regulated European utilities by providing continuous, real-time feedback on energy consumption to 

consumers, facilitating their ability to manage their energy consumption. 

In light of the current and growing interest in IHDs and the associated consumption impacts, we 

6 Article 13 of Directive 2006/32IEC of the European Parliament and of the Council of the European Union. 
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review several pilot programs that investigate the role of IHO devices on consumers' electricity 

consumption behaviors. In reviewing the pilots, we address the following considerations: the structure 

of the pilot program, energy conservation impacts as a result of IHOs, demand response effects of IHOs, 

and if available, customer opinions regarding the usefulness of IHOs. 

Our review suggests that consumers who actively use an IHO can reduce their consumption of 

electricity by an average of seven percent when prepayment of electricity is not involved. When 

consumers both receive IHO feedback and are on an electricity prepayment system, they are able to 

reduce their consumption by an average of 14 percent. With regard to demand response impacts, we 

find that the impact of time varying rates is augmented by direct feedback from IHOs. 

The pilots reviewed in this paper are listed in Table I, while results from the individual pilots are 

summarized in Figure I. Appendix I summarizes select IHO technologies employed by some of the 

pilots, and Appendix 2 provides concise summaries of the major IHO pilot programs, their key features, 

and results. 

Table 1- Summary of Pilots Programs Investigating the Effect of IUDs on Consnmer Behavior 

No. Pilot State Utility Year 

Hydro One Real-Time Feedback Pilot Ontario I Canada Hydro One 2004-2005 

2 BC Hydro and Newfoundland Power Pilot 
British Columbia and Newfoundland & BC Hydro & Newfoundland 

2005-2007 
Labrador I Canada Power 

Power Cost Monitoring Pilot Program Massachusetts 
National Grid I Nslar I Western 2007 

Massachusetts Electric Company 

4 SDG&E In-Home Display Program California San Diego Gas & Electric 2007 

5 The Kyushu Experiment Japan Kyushu Electric Power Company 1998 

6 SRP M-Power Conservation Effect Study FY04 Arizona Salt River Project 2004 

7 Woodstock Hydro's Pay-As-You-Go Woodstock, Ontario I Canada Woodstock Hydro I 989-Present 

B Hydro One Time-of-Use Pilot Ontario I Canada Hydro One 2007 

9 California Infonnation Display Pilot California PG&E I SCE I SDG&E 2004 

10 Country Energy's Home Energy Efficiency Trial Australia Count!)' Energy 2004-2005 

II TXU Energy Price Guarantee 24 with Energy Monitor Texas TXU Energy 2006-Present 

12 LG&E Responsive Pricing and Smart Metering Program Kentucky Louisville Gas & Electric 2008-2011 
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1- Studies without measured conservation impacts as a percent of demand are not illustrated. Enabling technologies in the 
context of the notes below are defined as load-control devices, such as programmable communicating thermostats and air
conditioning switches. Prepay meters are excluded from this definition. 
2- Newfoundland Power: BC Hydro and Newfoundland Power PUot. EnabHng technologies and time-varying rates not 
employed by the pilot. Preliminary impact estimate. 
3· Woodstock Hydro: Woodstock Hydro's Pay-As-You-Go program. Program based on prepayment for electricity. Enabling 
technologies and time-varying rates not employed by the pilot. 
4-SRP: SRP M-Power Conservation Effect Study. Program based on prepayment for electricity. Enabling technologies and 
time-varying rates not employed by the pilot. 
5-Country Energy: Country Energy's Home Energy Efficiency Trial. Enabling technologies not employed by the pilot. 
Time-of-uselcritical-peak-pricing rates employed by the pilot and included in measured impact. 
6-Hydro One TaU 2: Hydro One Time-of-Use Pilot. Enabling technologies and time-of-use pricing considered by pilot; 
effect of enabling technologies statistically insignificant; effect of time-varying rates included in measured impact. 
7- Hydro One TaU I: Hydro One Time-of-Use Pilot. Enabling technologies and time-of-use pricing considered by pilot; 
effect of enabHng technologies statistically insignificant; effect of time-varying rates not included in measured impact. 
8- Hydro One RTM: Hydro One Real-Time Feedback Pilot. Enabling technologies and time-varying rates not employed by 
the pilot or included in measured impact. 
9- Be Hydro: BC Hydro and Newfoundland Power Pilot. Enabling technologies or time-varying rates not employed by pilot. 
Preliminary impact estimate. 
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Before delving into a review of the individual pilots in this study, we must acknowledge the 

limitations of our paper. The pilots considered in this study are heterogeneous in terms of pilot structure 

and design, as weB as in other facets, making them difficult to compare directly. The geographic 

locations and the utilities involved in the pilot studies vary widely, as do the demographics of the 

consumers involved. Consumers are also subject to various electricity tariffs, and have different price 

elasticities. Some pilot studies involve randomly-selected treatment and control groups, while others do 

not. AdditionaBy, some pilots lasted for several years, while others lasted only a few months. Other 

differences between the pilots are also at play. We do not attempt to control for differences in the 

structures of the pilots. We do, however, provide summary descriptions of each study design where 

possible. FinaBy, our paper is limited by the fact that a number of pilots reviewed are not yet concluded; 

as such, results for these pilots are not currently available. 

3- OVERVIEW OF THE PILOT PROGRAMS 

3_1- PILOTS INVOLVING ONLY IN-HOME DISPLAYS 

In this section we review four studies from North America and one from Japan that examine the 

impact of real-time consumption information from llIOs on consumer behavior. 

3.1.1- CANADA! Ontario - Hydro One Real-Time Feedback Pilot' 

In the summer of 2004, Hydro One Networks of Ontario, Canada undertook a study to quantify 

the impact of real-time feedback on residential electricity consumption in Hydro One's service territory.s 

Over 400 participants were recruited for the study, and their consumption patterns were tracked for a 

period of over two and a half years. Ouring this time, the treatment period lasted approximately 12 

months. Participants were not provided with any rate incentives, and the pilot did not involve enabling 

technologies.9 Customers were only provided with the PowerCost Monitor (PCM), a commercially

available llIO. Because no rate incentives or enabling technologies were distributed, only the effects of 

llIO usage on residential consumption of electricity were observed. 10 

7 

8 

9 

Hydro One Networks (2006). 
Hydro One service territories include: Banie. Brampton. Lincoln. Peterborough and Timmins. 
Enabling technologies are load-control devices, such as smart thermostats and price-response air-conditioning 
units. 

10 The IHD employed by the study was the PowerCost Monitor ("peM"). which is commercially available from Blue 
Line Innovations. 
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Impacts 

Comparing IHD and control group customers in pre-treatment and treatment periods, real-time 

feedback from IHDs reduced electricity consumption on average by 6.5 percent across the whole 

sample. Interestingly, the impact for households with non-electric heating was higher than that of other 

households, with an average impact of 8.2 percent. The impacts for individual non-electric heating 

households ranged from 5.1 percent to 16.7 percent. Notably, the observed reductions in electricity 

consumption were generally sustained for the duration of the study period. 

On average, households without electric heating observed a larger conservation impact than the 

average observed by the whole sample. This may be attributable to electric heating's substantial share 

of a household's total electricity demand (potentially up to 80 percent in the winter). Because of this 

high share, consumers are unlikely to be able to detect feedback in response to their non-heating 

conservation measures; i.e., load from electric heating drowns out feedback signals. Analogously, 

feedback signals could be drowned out by other household appliances with large electric demands, such 

as air-conditioning units. 

The pilot did not employ or consider time-varying rates, and demand response effects were not 

studied. 

Survey Results 

Customer attitudes towards the PCM were primarily positive. When asked about the usefulness 

of the monitor in facilitating energy conservation, 63 percent of participants gave the PCM a rating of 

three or higher on a scale of zero through five. However, in terms of day-to-day usage, only 38.9 

percent of participants declared that they referred to the PCM at least once a day. Nevertheless, 65.1 

percent of those surveyed stated that they planned on continuing use of the PCM after the pilot 

concluded. 

3;1.2- CANADA! British Columbia, Newfoundland and Labrador - BC Hydro and Newfoundland 

Power Pilotll 

Over an 18 month period between 2005 and 2007, Customer Energy Solutions Interest Group 

(CEATI)12 conducted a pilot similar to the Hydro One Real-time Feedback Pilot. The pilot intended to 

II CEATI International Inc. (2008). 
12 The interest group includes BC Hydro, Newfoundland Power, the National Rural Electric Cooperative Association. 
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quantify the effect of real-time feedback, absent any rate or other conservation incentives. The pilot was 

conducted in British Columbia and Newfoundland and Labrador. Roughly 200 Newfoundland Power 

and BC Hydro customers participated. The PCM was chosen to serve as the IHD for the pilot. 

Impacts 

Analysis of the results is still underway. However, preliminary results demonstrate an 18 percent 

average decrease in electricity consumption amongst participants in the Newfoundland Power market 

and a 2.7 percent average decrease in consumption in the BC Hydro market. 

Similar to the Hydro One Real-Time Feedback Pilot, this pilot did not employ or consider time

varying rates and as a result, did not study demand response effects. Moreover, customer opinions or 

survey data are not available since the study has yet to be concluded. 

3.1.3- MASSACHUSETTS - Power Cost Monitoring Pilot Programl3 

During the summer and fall of 2007, three large utilities in the state of Massachusetts (National 

Grid, NSTAR, and Western Massachusetts Electric Company, a subsidiary of Northeast Utilities) 

conducted studies investigating the cost and benefits of IHDs for residential households. Combined, 

these utilities distributed 3,512 IHDs to customers in their service areas, with NSTAR having the largest 

deployment of 3, I 03 units.'· The utilities employed the PCM as the IHD for this pilot (the same brand 

used by Hydro One, BC Hydro, and Newfoundland Power). The IHDs were distributed to participants 

during the summer prior to the study at various price points ranging from free of charge to $49.99. 

Though the pilot was similar in purpose to the other IHD pilots already reviewed in this section, 

the evaluation of this pilot's results focused on customer opinions and perceived savings rather than on 

actual, measured energy savings. 

Impacts 

Nearly half of the surveyed customers perceived bill savings of five to ten percent. While this 

may not translate to energy savings of five to ten percent (due to varying electric rates throughout the 

consumption period), the perceived bill savings are illustrative of the impacts of IHD feedback on 

energy consumption. 

and Natural Resources Canada (NRCAN) Office of Energy Efficiency. 
13 Opinion Dynamics. Corporation (2008). 
14 National Grid and Western Massachusetts Electric Company circulated 377 and 32 units. respectively. 
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Survey Results 

Of the surveyed participants, 63 percent indicated they had changed their electricity-use 

behaviors after using the PCM. Of those that indicated a change in behavior, 41 percent turned off lights 

more often, 23 percent turned off the TV while it was not in use, 23 percent replaced incandescent bulbs 

with compact [Juorescents, 18 percent turned off computers while they were not in use, and I7 percent 

unplugged unused battery chargers. 

In regard to the usefulness of the data provided by the PCM, 47 percent of surveyed participants 

who had installed and used the PCM indicated that overall energy use data was the most useful 

information. In contrast, 37 percent of respondents stated that the most useful information provided was 

data on energy used by specific appliances. 

In terms of bill impacts, among participants who changed their behavior, 60 percent indicated 

that they had noticed a decrease in their electricity bill. 15 Almost half of those thought they had saved 

five to ten percent on their electricity bill. 16 

3.1.4- CALIFORNIA - Sau Diego Gas & Electric In-Home Display Programl7
, 18 

San Diego Gas & Electric (SDG&E) initiated an llID pilot in 2007, with 300 participants 

voluntarily enrolled in the program. 19 Unlike the previous pilots, however, the SDG&E pilot tested the 

effects of llIDs as well as conservation phone calls and em ails on consumption patterns. The program 

targeted customers in Southern California who consumed greater than 700 kWh of electricity per month, 

had central air conditioners, and owned swimming pools. Participants were provided with llIDs 

(namely the PowerCost Monitor) at no charge. Additionally, customers were notified that they should 

reduce their energy consumption during peak periods via telephone calls and emails.2o All participants 

either already had or were outfitted with interval meters to measure impacts of the llIDs and 

" Twenty-nine percent responded "no" when asked about a decrease in their electricity bill, while 11 percent stated 
that they did not know. 

16 The next largest respondent group fonned 18 percent of the sample size, and stated that they saved between ten and 
15 percent on their energy bill. 

J7 Deremer (2007). 
18 Green (2008). 
19 SDG&E had proposed an extension to the 2007 UID pilot for 2008, involving an additional 200 participants, but 

the pilot was heavily protested by interveners and the extension was withdrawn from consideration by the 
California Public Utilities Commission, per authors' correspondence with SDG&E. 

20 A small subset of participants did not receive !HDs, but did receive peak-period notifications. This group was set 
up to measure the impacts of notification on consumer behavior, absent real-time consumption feedback from an 
IHD. 
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conservation calls and emails on consumption patterns. 

Impacts 

Preliminary analysis of raw data demonstrates an average conservation effect of 13 percent when 

compared to their consumption in the previous year, without accounting for weather variations. This 

impact is the combined effect of both the real-time consumption information from the !HDs and from 

the conservation phone calls and emails. 

Demand response and load-shifting impacts have not been analyzed. Similarly, customer 

opinion or survey data are not available. 

3.1.5- JAPANI Fakuoka City - Kyushu Experiment21 

Matsukawa (2004) empirically examined and analyzed data regarding the impact of !HDs on 

consumption gathered during a pilot conducted by The New Energy and Industrial Technology 

Development Organization and by the K yushu Electric Power Company during the late summer of 

1998. The experiment involved 319 randomly-selected households in the Maebaru District of Fakuoka 

City, Japan, and ran for three months-July through September of 1998, aside from weekends and 

public holidays. Of the 319 households, 113 were randomly assigned to the group receiving !HDs and 

206 were assigned to the control group. Households selected to receive IHDs got the units at no cost, 

and were also compensated for the cost of electricity to operate the device. All customers were subject 

to a standard, tiered rate structure. 

Unlike many of the other !HD pilots examined in this paper, consumption data was first 

collected by the utility and then conveyed to the consumer on an hourly basis via a two-way 

communication link; as such, the pilot involved not only an IHD but also a form of Advanced Metering 

Infrastructure (AMI). 

Impacts 

The Kyushu experiment found that the reduction in daily consumption due to the !HD (monitor) was 

statistically significantly and negative. The variable of interest in the study was the "monitor usage" 

defined by the number of days a participant activated the monitor at least once a day. Matsukawa found 

21 Matsukawa (2004). 
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that the demand elasticity with respect to the monitor usage was negative and significant, and estimated 

at -0.015 on average. This implied that an additional day of access to the monitor would reduce daily 

electricity consumption by 0.053 kWh. This level of energy conservation amounted to 0.3 percent of the 

average electricity consumption in August. 

The study also found that households that used the IHO more frequently had a more elastic demand 

for electricity than households that used the IHO less frequently. For example, households that used 

their IHO for more than three days a month had a price elasticity of -0.92 while households that used 

their IHO only once a month had an elasticity of -0.88. The study did not compare the price elasticities 

of households in the monitor group to those of the control group. 

The study did not examine demand response impacts associated with the monitor usage or 

formally survey customer opinions. 

3.2- PILOTS INVOLVING IN-HoME DISPLAYS AND ELECTRICITY PREPAYMENT 

While several prepay programs exist in North America and abroad,22 this paper considers two 

prominent North American studies that involve prepayment of electricity and real-time consumption 

information similar to that offered by the IHOs examined earlier in this paper. 

3.2.1- ARIZONA - Salt River Project's M-Power Prepay Program23 

The Salt River Project (SRP) in the Phoenix metropolitan area initially started as a "Pay-As-You

Go" pilot program that employed an IHO as a means for feedback on consumption and as a platform for 

the prepayment of electricity. The pilot program commenced in 1993 with 100 participants and then 

evolved into a formal prepay program for customers with collection problems in 1995. In 1999, SRP 

introduced a prepay program, "M-Power", that was available to all customers. M-Power is stiIl active 

today, and is the largest prepay program in North America with 50,000 participants?4,25 

As noted earlier, the M-Power program does not employ IHOs in a conventional manner. M

Power relies on the IHOs in conjunction with a prepay meter and a smart card as a platform for 

22 Globally over 5 million customers use power on a prepay basis, with largest number of prepay users found in the 
United Kingdom, New Zealand, and South Africa. Prepay electricity programs can also be found at approximately 
20 locations throughout NOlth America. See page 2 of "Pay-As-You-Go-Power, Treating Electricity as a 
Commodity." Quesnelle (2004). 

23 Pruitt (2005). 
24 King (2007). 
25 MeteIing.com (2008). 
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purchasing electricity prior to its use. Essentially, customers must add credit to the smart card at prepay 

kiosks located throughout the city and at SRP offices. After crediting the smart card, customers must 

then plug the smart card into their M-Power IHO. The IHO subsequently relays credit to the electric 

prepay meter located outside of the house and enables consumption of electricity. The electric prepay 

meter is equipped with an integrated disconnect switch, which halts power consumption when credit 

runs out. 26 

M-Power customers are not directly subject to any administrative fees for use of the M-Power 

equipment. They are, however, subject to a one-time deposit of $99 for the equipment. Additionally, 

the monthly service fee for M-Power customers is a few dollars higher than other residential rate 

plans. 27 

Impacts 

Conservation impacts of the M-Power program were studied in 2004 under the "SRP M-Power 

Conservation Effect Study." The study followed approximately 2,600 customers over a period of 12 

months. The control group was subject to a standard residential price plan. The results of the study 

showed substantial conservation impacts as a result of the M-Power prepay system. Relative to the 

control group, M-Power customers on average saved 12.8 percent annually. Slightly higher energy 

savings were observed in the summer months (13.8 percent), while slightly lower savings were observed 

in the winter months (Il.l percent). The impacts of real-time consumption information and of 

prepayment were not separately identitied in the study. 

The "SRP M-Power Conservation Effect Study" did not involve time-varying rates, and did not 

study demand response or load-shifting impacts. Important to note, however, is that SRP is installing 

smart meters in its service area and plans to offer time-of-use rates to its customers, including those on 

the M-Power system. 

Survey Results 

Customer survey data on the M-Power program indicated that the program was generally well

received, with 84 percent of customers reporting being either "very satisfied" or "satistied." 

26 SRP provides a service, "Friendly Credit," which extends credit and prevents disconnection during nights, 
weekends, and holidays. The extended credit is reconciled the next time a smart card with energy credit is loaded 
into the IHD. 

27 The Monthly Service Charge for the SRP Basic Price Plan (E-23) as of April 2009, was $12 per month, while the 
fee for the M-Power plan (E-24) was $15 per month. 
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Furthermore, 95 percent of customers felt that they had more control over electricity used under the M

Power program. 

3.2.2- CANADA! Woodstock, Ontario - Woodstock Hydro's Pay-As-You_Go2S 

Woodstock Hydro of Canada originally established its "Pay-As-You-Go" electricity prepay system 

in 1989 as a means of addressing bad debt. As of 2004,2,500 customers were voluntarily enrolled in the 

program, which accounted for approximately 25 percent of Woodstock Hydro's residential customer 

base. 

Customers are allowed to enroll or leave the prepay program at no charge. They do, however, pay a 

monthly administration fee that covers the costs of prepay equipment and software. Aside from the 

monthly administration fee, customers are responsible for purchasing their power prior to using it. The 

prepay system is very similar to the SRP M-Power system. The system consists of three components: a 

prepay IHD, smart card, and prepay electric meter. Customers must add credit to the smart card via 

kiosks located throughout the city. The smart card then plugs into the IHD, which relays credit to the 

prepay electric meter, and permits consumption of electricity. 

Also similar to the SRP M-Power system is the Woodstock Hydro IHD, which displays the 

following types of information: power remaining (kWh), present rate of uses (dollars or kWh), amount 

of power used yesterday (dollars), amount of power used last month (dollars), date and amount of last 

transaction (date and dollars, respectively), current date and time, estimated number of days until card 

needs replenishment at current use levels, and other data. 

Impacts 

According to Woodstock Hydro, customers on the Pay-As-You-Go program have reduced their 

consumption on average by about 15 percent. This is relatively consistent with the conservation impact 

'observed in the SRP M-Power Conservation Effect Study (12.8 percent on an annual basis). Similar to 

the SRP M-Power program, the contribution of IHD usage to the conservation impact is not separately 

identified from the total effect of both IHD usage and prepayment of electricity. 

The program does not involve time-varying rates, and as such, demand response and load-shifting 

impacts are not available. 

28 Quesnelle (2004). 
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Survey Results 

While the Pay-As-You-Go program does not survey customer opinions, an overview provided by 

Ken Quesnelle, Vice-President of Woodstock Hydro, provides another measure of the program's 

popularity: the rate at which enrollment in the program has grown. According to Quesnelle, the program 

had historically grown at a rate of three percent annually as of 2004, and was expected to grow at an 

even higher rate with the decline of technology costs. 

3.3- PILOTS INVOLVING IN-HoME DISPLAYS AND TIME-VARYING RATES 

In this section we consider five pilots that study the impacts of both IHOs and time-varying rates 

on electricity consumption. Four of these pilots are North American-based, and of those, two are in 

progress as of this writing. 

3.3.1- CANADA! Ontario - Hydro One Time-of-Use piloe9 

In the summer of 2007, Hydro One Networks conducted another pilot program that examined the 

effects of Time-of-Use (TaU) pricing in conjunction with real-time feedback30 on consumption by 

residential, farm, and small general service customers. The pilot took place between May and 

September 2007, and involved 486 customers split into four groups: 

I. 153 customers were subject to TaU rates and were given Real-Time Monitors (RTM) or IHOs; 

2. 177 customers were subject to TaU rates and were given a $50 incentive at the end of the 

program, but they were not given an IHO; 

3. 81 customers were given just an IHO and no pricing or participation incentives; 

4. 75 were assigned to the control group and, as such, remained on existing rates without TaU 

pricing and were not given an IHO or any sort of incentive. 

The results of the study offered a number of insights on demand response and conservation mechanisms. 

Impacts 

The study concluded that the real-time monitoring, enabled by IHOs and in the absence of 

pricing incentives, reduced electricity consumption. The impact of IHOs on consumption was measured 

29 Hydro One Networks (2008). 
30 While Hydro One also offered enabling technologies, i.e., smart thermostats, to interested participants as part of the 

study, very few participants signed up. As such, smart thermostat impacts would not have been significant, and 
analysis of those impacts was not undertaken. Based on the authors' corrununication with Hydro One Networks. 
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in two ways: I) by comparing the energy savings of the group with access to IHOs to the group lacking 

access to IHOs, and 2) by comparing the energy savings between the group with access to both IHOs 

and TOU rates with the group that was subject only to TOU rates. Table 2 presents these impacts. 

The first measure indicated that IHO usage reduced consumption by 6.7 percent over the pilot 

period of May through September 2007, relative to a control group without access to an IHO. To 

calculate the second measure, an incremental approach was followed. The study found that the group 

with access to an IHO and subject to TOU pricing consumed 7.6 percent less than it did in the same 

period in the previous year (after adjusting for differences in weather). The study also found that the 

group subject to TOU pricing alone (in the absence of IHO feedback) consumed only 3.3 percent less 

than it did in the same period in the previous year (also after adjusting for weather). The difference 

between the two conservation impact estimates of 4.3 percent provided the incremental conservation 

effect of IHO usage above the effects of TOU pricing. 

In summary, the results of the study revealed that IHOs and TOU rates are both effective tools 

for conserving electricity. Furthermore, IHDs perform better in regard to energy conservation than 

TOU prices. 

Table 2- Hydro One Time-or-Use Pilot Conservation Impacts 

Mechanism 

IHD effect wi TaU rates 
TaU only effect 
Incremental IHD impact 

IHD effect wlo TaU rates 

Source: 

Conservation Effect 

-7.60% 
-3.30% 
-4.30% 

-6.70% 

Hydro One, "Hydro One Networks Inc. Time-of-Use Pricing Pilot Project Results," 
May200S. 

The study also assessed the impact of IHOs and TOU on demand response over the May to 

September 2007 test period. These impacts are presented in Table 3. 

The study found that the combination ofTOU and IHOs shifted 5.5 percent of load from on-peak 

to mid-peak and off-peak hours. TOU pricing alone shifted 3.7 percent of load away from on-peak 

hours, meaning that the "incremental IHO impact on load-shifting"-the difference between the load 
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shifting effects of TOU in combination with IHOs and TOU alone-was 1.8 percent. Load shifting 

during the select, "very hot" days, where the temperature rose above 30 degrees C (86 degree F), was 

even more pronounced. The combination of TOU rates and IHOs shifted load by 8.5 percent, while 

TOU rates alone shifted load by 2.9 percent. The "incremental IHO impact on load-shifting" was 

determined to be 5.6 percent-significantly higher than the average impact across the entire test period. 

In summary, IHOs as well as TOU rates, contributed to both energy savings and demand 

response effects. However, the results suggested that IHO usage has a stronger impact on energy 

conservation (impact of 4.3 percent to 6.7 percent) than on demand response (1.8 percent). Surprising, 

though, was the average incremental load-shifting impact of IHO usage during "very hot" days (5.6 

percent). Nevertheless, the combination of IHO with TOU pricing offered the greatest benefits in terms 

of both electricity conservation and load-shifting. 

Survey Results 

Table 3- Hydro One Time-of-Use Pilot Demand Response Impacts 

Mechanism 

All Days. 

TOU and IHD effect 
TOU effect 
Incremental IHD impact 

Very Hot Days (> 30 degree CJ 

TOU and IHD effect 
TOU effect 
Incremental IHD impact 

Source: 

Demand Response 
Effect 

-5.5% 
-3.7% 
-1.8% 

-8.5% 
-2.9% 
-5.6% 

Hydro One, "Hydro One Networks Inc. Time-of-Use Pricing Pilot Project Results," 
May 2008. 

Customer survey data indicated that the IHOs were relatively well-received, with 63 percent of those 

surveyed indicating that real-time monitoring was useful in helping to conserve electricity. However, in 

regard to installation, 45 percent found installation difficult, both in fitting the IHO's sensor unit around 

the conventional meter, and'in programming TOU rates into the IHO. While many found installation to 

be difficult, survey participants thought that IHOs would help them save nine percent on electricity 
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consumption. 

3.3.2- CALIFORNIA- California Information Display piloe l 

The California Information Display Pilot (IDP) was an additional study conducted under the 

weJl-known California Statewide Pricing Pilot (SPP). The IDP took place from August to October 2004 

and involved customers from both Southern California Edison (SCE) and SDG&E. The objective of the 

program was to examine the incremental benefits of providing customers with useful information. both 

through feedback from an IHD and through enhanced billing treatments, while on a critical peak pricing 

tariff. 

Relative to other pilot programs, the California IDP involved few participants: 61 select 

customers voluntarily agreed to participate in the pilot program.32 Of the 61 customers, 32 were 

residential and 29 were commercial customers. Residential customers were selected from a population 

of customers with average summer energy use in excess of 600 kWh per month. Commercial customers 

were drawn from the general population, but were screened for a minimum usage threshold. All 

participants were given an option to have an enabling technology installed free of charge. 

The California IDP selected the Energy Orb produced by Ambient Devices as the direct feedback 

mechanism for the study. Unlike traditional IHDs, the Energy Orb does not present quantitative 

information. Rather, the Orb provides visual feedback by changing colors in response to price signals. 

For the pilot, the Orb changed to blue for off-peak hours, green for on-peak hours, flashed red four hours in 

advance of a critical peak event, and turned solid red for critical peak hours. 

In addition to the Orb, the IDP employed enhanced billing treatments in the form of personalized 

newsletters and internetlemail communications. The newsletters provided individual customers with 

detailed energy use and cost information, including breakdown by off-peak, peak, and critical peak 

periods. The newsletters also provided a comparison of individual usage to usage by the average 

household. The website expanded on the newsletter information, and provided interactive tools 

illustrating the benefits of efficient energy use, tips and "how-to" guides, and energy fun facts. 

31 Primen, Inc. (2005). 
32 According to the Califomia!DP Final Report (January 5, 2005): "These customers were selected from the original 

CPP· V "Track A" group in the SPP that was placed on hold after recruitment efforts in 2003 failed to meet the 
sample cell requirements." 
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Impacts 

The pilot did not explicitly measure the conservation impacts of the Energy Orb. However, a 

significant portion of surveyed participants noted that use of the Energy Orb had changed their energy 

consumption behaviors, which led to energy savings (see the Survey Results section). Additionally, the 

study concluded that information provided by direct feedback increased "the average level of energy 

savings among residential customers, over and above" the rate incentives employed by the pilot. 

With regard to demand response effects, residential customers reduced their demand during both 

critical peak periods and the corresponding four-hour warning periods leading up to the critical peak 

periods. This was as a result of feedback from the Energy Orb and enhanced billing treatments, as well 

as CPP rates. These demand response effects were greater than the demand response effects of CPP 

rates alone. However, contrary to demand response in the conventional sense, some of the "demand 

response" measures undertaken by residential customers during critical peak periods were in fact short

term energy conservation measures (e.g., turning off lights and turning down air conditioners) rather 

than purely load-shifting measures. 

Survey Results 

Of the 32 residential customers that participated in the pilot, 23 completed post-treatment 

surveys. Of those, 70 percent indicated that they had changed their electricity-use behaviors after using 

the Energy Orb, leading to energy savings. Of 29 commercial customers that participated in the pilot, 

26 commercial customers were contacted for a post-treatment survey. Of those, 65 percent indicated 

that they had changed their electricity-use behaviors leading to energy savings after using the Energy 

Orb. 

Additionally, a general population survey was conducted that included 400 residential and 204 

commercial customers. 33 These customers were not part of the pilot effort, and as such, did not receive 

an Energy Orb and were not subject to dynamic rates. The general survey provided interesting insights 

on customer behaviors in regard to energy conservation and demand response. The survey indicated that 

29 percent of residential customers either strongly agreed or somewhat agreed with the statement that 

they did not have enough information to shift or reduce their electricity consumption. In comparison, 47 

percent of commercial customers either strongly agreed or somewhat agreed with that statement. 

33 Customers who felt that they could not shift or reduce their electricity use were excluded from further analysis in 
the survey. 
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Nevertheless, when asked about the top three energy users in their household, only 39 percent of 

residential customers and 35 percent of commercial customers felt confident about their knowledge in 

that regard. As such, appliance or device-specific information would seem to be beneficial to customers. 

The general survey also questioned respondents about real-time electricity information displays 

(i.e., IHOs). When asked about whether real-time information on energy would be useful, 59 percent of 

residential and 50 percent of commercial respondents responded in the affirmative. Furthermore, 63 

percent of residential and 52 percent of commercial respondents thought that real-time information 

would help reduce electricity consumption. 

Among those that believed real-time information would be useful, 63 percent of residential and 

60 percent of commercial customers thought that IHOs should display what electricity is costing in 

dollars. Furthermore, 3 I percent of residential and 37 percent of commercial customers thought that 

IHOs should display energy savings from changes in use, to dollars saved. In regard to temporal 

preferences, 51 percent of residential and 53 percent of commercial customers thought that IHOs should 

display the amount of electricity/cost so far in the current month. Additionally, roughly 25 to 30 percent 

of respondents thought that IHOs should display electricity use and cost projections for the month, 

amount of electricity use and cost at the current moment, and amount of electricity use and cost so far 

that day. 

3.3.3- AUSTRALIA! New South Wales - Country Energy's Home Energy Efficiency Triae4 

Country Energy of Australia tested an IHO in conjunction with critical peak pricing in its "Home 

Energy Efficiency Trial" (HEET) pilot program, which commenced in December 2004 and ran for 18 

months. Two hundred households representing a mix of income, age, familial circumstance, and 

housing vintage were selected to participate. In addition to the IHO, households had advanced meters 

installed that were capable of communicating with the IHO. The IHO was equipped to relay real-time 

electricity consumption information and price figures, as well as peak, off-peak, and critical peak pricing 

through "Traffic Light" indicators and environmental variables such as greenhouse gas emissions. 

Impacts 

While the impact of real-time consumption information from the IHO was not measured 

separately, the program as a whole provided energy savings to participants. Median savings over a 12 

34 Country Energy (2006). 
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month period was found to be eight percent. 35 Furthermore, customers realized an average bill savings 

of approximately 16 percent. 

With respect to the demand response, demand was reduced by approximately 30 percent during 

critical price events in both the summer and winter. 36 Again, this impact captures both the impact of 

time-varying rates and the real-time information. 

Survey Results 

Formal survey information was not provided by the study; however, exemplary customer 

comments were provided. Comments generally demonstrated that the llIO and pilot program were 

positively received. For example: "One of the most useful aspects was seeing how much standing 

power was used with nothing running, i.e., standby power of computer and AV devices," and "I have 

really enjoyed being part of the trial. Our whole household and our friends are all more aware of how 

much power various appliances use." 

3.3.4- TEXAS- TXU Energy SureValue24 with Power Monitor Plan37 

In July of 2006, TXU launched a TOU price pilot program that included distribution of llIOs to 

participants. The initial phase of the pilot included 500 participants. However, as many as 30,000 

participants were expected to enroll in the future. As a result of pilot's initial success, TXU Energy 

decided to offer customers a new rate plan that included an llIO and the TXU Energy Power Monitor, a 

device similar to the commercially-available The Energy Oetective ("TEO,,).38 

No results regarding conservation or demand response impacts from the plan or pilot have yet 

been published, nor has customer survey data. However, the development of a rate plan based on the 

pilot structure and llIO involved shows evidence of the program's popularity. 

3.3.5- KENTUCKY- Louisville Gas and Electric Co. Responsive Pricing and Smart Metering Pilot 

Program 

In July of 2007, the Kentucky PSC approved an application by Louisville Gas and Electric 

J5 Through communication with Country Energy of Australia. 
36 Through communication with Country Energy of Australia. 
37 Green (2008). • • TXU offers the "TXU Energy SureValue 24 with Power Monitor" plan, which includes the TXU Energy Power 

Monitor IHD. 
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(LG&E) to implement a pilot program that involves mos in addition to several OSM measures, smart 

meters, and TOU/CPP pricing. The objective of the pilot is to determine the impacts of dynamic pricing 

and various OSM measures on electricity demand. The pilot is intended to run for three years, and an 

evaluation must be filed with the Kentucky PSC by July I, 2011. 

The pilot will effectively be comprised of two presiding study groups: the Responsive Pricing 

Participants and the Expanded Smart Metering-OSM Component Participants. All participants will 

receive smart meters, in addition to various combinations of treatments. The first group, the 

"Responsive Pricing Participants" group, will include 150 customers, of which 100 will be residential 

and 50 will be commercial customers. They will receive all test treatments, including mos, TOU rates, 

programmable thermostats, and load control devices. The second group, the "Expanded Smart 

Metering-DSM Component Participants" group, will include approximately 1,850 participants. The 

number of residential versus commercial participants in this group is not explicitly defined. The overall 

distribution of participant groups and their respective treatments is presented in Table 4. 

Table 4- Louisville Gas & Electric Responsive Pricing Pilot and Expansion39
, 40 

The smart meters employed by the pilot are actually conventional meters equipped with an 

electronic card that enables two-way communications between LG&E and the meter. Additionally, the 

Louisville Gas & Electric Responsive Pricing Pilot and Expansion 

Program Responsive Pricing Expanded Smart Metering-DSM Component 

Thermo., Display, & Thermo" Load 

Number of Participants 

Treatments 
Meter with Card 
Programmable Thermostat 
IHDs 
Load Control Device 
Responsive Pricing Rate 

Source: 

All Treatments 

150 

X 
X 
X 
X 
X 

Meter 

150 

X 
X 
X 

Control. & Meter IHD& Meter 

150 100 

X X 
X 

X 
X 

Meter Only 

1,450 

X 

"Application of Louisville Gas and Electric Company for an Order Approving a Responsive Pricing and Smart Metering Pilot Program," filed 
March 21, 2007. 

smart meters can communicate with the IHDs and the programmable thermostats employed by the pilot. 

J9 Louisville Gas and Electric Company (2007). 
40 Public Service Conunission of Kentucky(2007). 

21 



As such, the IHOs will be able to display pricing periods (e.g., on-peak hours) and critical peak event 

notifications in addition to usage and cost information. The programmable thermostats will also be 

responsive to price signals sent by LG&E. 

The pilot is still active, and therefore no impacts or survey results have been published. 

3.4- OTHER NOTABLE FEEDBACK PILOTS 

In this section we consider other pilots that study the impacts of feedback and information from 

IHOs, the internet, and other sources, on the demand for energy. Some of these pilots involve 

prepayment of electricity, while others are focused primarily on impacts of feedback from IHOs. 

One of the larger prepay programs internationally is operated by Northern Ireland Electricity 

(NIE).41 The program is quite large, with approximately 20 percent of NIE's customer base, or 

approximately 125,000 customers, enrolled. Much like customers of other prepay programs,42 NIE 

customers use in-home keypad meters, similar in function to IHOs and the prepay units deployed by 

SRP M-Power and Woodstock Hydro, to purchase credit for electricity. The combined effect of 

prepayment and feedback provided by IHOs has led to a reduction of II percent in consumption 

amongst customers with training, and a reduction of 4 percent amongst customers that did not receive 

training. 

Another relatively new prepay program is operated by the Oklahoma Electric Cooperative 

(aCE). The program originally initiated with a 90-day pilot in August of 2006. The pilot was intended 

to test the costs and benefits of electricity prepayment and an online feedback system.43
,44 Online 

feedback on daily consumption patterns was possible courtesy of AMI and smart meters, which were 

installed throughout the entire customer base prior to the pilot. The prepay program and online 

consumption monitoring system used in the pilot are now offered as a rate plan through aCE. While 

feedback is not in real-time, online consumption monitoring offers an interesting alternative to feedback 

from IHOs. Online monitoring provides information on a daily basis, and includes the following 

information: current balance (dollars), last energy usage (kWh), last payment (dollars), average daily 

energy charge (dollars), and last daily energy charge (dollars). According to aCE, the combination of 

prepaid electricity and online consumption monitoring has led to a 12 to 13 percent decline in energy 

41 Primen, Inc (2004). 
42 See Section 3.2 for a review of the North-American SRP M-Power and Woodstock Hydro prepay programs 
43 Buck (2008). 
44 Jones and Severs (2008). 
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use, relative to consumption during the same period a year prior. 

Other pilots that have measured the impact of direct feedback on energy consumption have 

found results similar to those found by the studies reviewed in this paper. A Canadian IHO study 

published in the 1980's found savings in the range of four to five percent.4S In Norway, customers who 

received direct feedback regarding their consumption reduced their energy use by about nine percent. 46 

In Victoria, Canada, a small trial involving 50 households served by South East Water demonstrated that 

real-time feedback provided by IHOs led to a 15 percent decrease in electricity consumption.47 Finally, 

in the UK, a small study involving 44 households that received IHOs for cooking showed a reduction in 

energy use consumption of IS percent on average. 48 

As noted in earlier in this paper, these pilots and their respective results are not directly 

comparabl. However, energy savings trends amongst the studies point strongly to the notion that 

feedback from IHOs promotes energy conservation. 

4- CONCLUSION 

This paper reviews contemporary evidence on the effects of IHOs and other direct feedback on 

electricity demand. We cover a dozen North American and international pilot programs, some of which 

are currently underway, and consider the structure of the pilots, the energy conservation and demand 

response impacts, and overall customer opinions and attitudes towards IHOs and direct feedback on 

their consumption behaviors. 

In regard to conservation impacts, we find that direct feedback provided by IHOs encourages 

consumers to make more efficient use of energy. In the studies we review, energy savings range from 

three to 13 percent, with an average of seven percent (excluding the preliminary findings and the 

impacts that involved prepayment of electricity). These conservation impacts are consistent with 

impacts noted in previous literature. When combined with an electricity prepay program, energy 

savings are about twice that amount. Additional information will be available after the following pilots 

are concluded and analyzed: the Newfoundland Power and BC Hydro Pilot, the SOG&E IHO Pilot, and 

the LG&E Responsive Pricing and Smart Metering Pilot. 

In regard to demand response impacts, we find that the effect of time-varying rates are 

45 Ptimen, Inc. (2004). 
46 Ptimen, Inc. (2004). 
47 Landis + Gyr (2008). 
48 Ptimen, Inc. (2004). 

23 



augmented by direct feedback from IHOs. However, the evidence supporting this observation is much 

more limited; only the Hydro One Time-of-Use Pilot and the California Infonnation ~isplay Pilots offer 

relevant infonnation. Nevertheless, the impact of IHOs in conjunction with demand response 

mechanisms on load-shifting will be studied by the SOG&E and LG&E Pilots when they conclude, and 

may also be studied by SRP after they begin to offer TOU rates in conjunction with the M-Power prepay 

program. 

As Oarby notes in "Making it Obvious: Oesigning Feedback into Energy Consumption," it is 

important to recognize that "feedback is a necessary but not always a sufficient condition for savings 

and awareness [amongst consumers].,,4. Other factors, in conjunction with feedback from IHOs, play an 

important role, such as: "condition of housing, personal contact with a trustworthy advisor when needed, 

and the support from utilities and government which can provide the technical, training and social 

infrastructure to make learning and change possible." Furthermore, while IHOs do motivate individuals 

to change their consumption behaviors and save energy, given the time-constrained nature of these 

pilots, the impacts of IHO have not tested for sustainability. Consumers may initially respond to the 

direct feedback provided by IHOs, but may lose enthusiasm or interest over time. In defense of the 

sustainability of conservation impacts, the SRP M-Power Pilot and the Woodstock Hydro Pay-As-You

Go Program have each been around for over ten years and have been successful at curbing electricity 

consumption all the while. Nevertheless, while both programs utilize IHOs, they are also unlike most 

other pilots reviewed in this paper because they involve prepayment for electricity, as opposed to 

conventional, ex-post billing. 

One final consideration is whether or not the infonnation itself is useful to consumers. In other 

words, do IHOs serve simply as reminders to conserve energy, or do consumers actual! y benefit from 

the information presented by IHOs? Clearly, this issue is tied to the question of the sustainability of 

conservation impacts; if consumers actually use and benefit from real-time, quantitative and qualitative 

infonnation provided by IHOs, then a change in consumer behavior is likely to be preserved. If 

consumers simply perceive the IHO as a physical reminder to conserve, they may eventually acclimate 

to its presence and disregard it in the long run-much like an oft-forgotten anniversary marked on the 

calendar. As is the case with the issue of impact sustain ability, this question will be detennined over 

time. 

49 Darby (2002). 
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APPENDIX 1- FEEDBACK MECHANISMS 

IN-HoME DISPLA Y TECHNOLOGY 

IUDs are small, household devices that provide real-time energy consumption information. 

Most units do not require advanced metering infrastructure (AMI) to function (although a few work in 

conjunction with AMI to provide dynamic price signals). Rather, most IUDs rely on the meter itself or 

the incoming household power line for necessary electricity consumption information. Many units are 

relatively simple to install and can be purchased and installed by the consumer. 50 Most IUDs are 

commercially available and typically run for $150 to $200 without any utility rebates. 

Prototypical IHDs provide a sundry of consumption information to the consumer in real-time. 

Depending on the complexity of the particular IUD, the following types of information may be 

provided: instantaneous energy consumption (in dollars per hour or kW per hour), the cumulative cost of 

electricity (dollars), power (watts), cumulative electricity consumed (kilowatt-hours), projected monthly 

bill (dollars), energy translated into greenhouse gas emissions (kg and kg per hour), time, and 

temperature. IUDs that are packaged as part of a critical-peak or time-of-use pricing plan may also relay 

price signals during critical events, peak, and off-peak hours.51 

Examples of three prototypical IUDs follow. 

1- The PowerCost Monitor52
, 53 

The PowerCost Monitor (PCM) is an IUD manufactured by Blueline Innovations and retails for 

$119. Installation is simple and safe enough where it can be done by the customer. The PCM 

essentially involves two, "AA" battery-powered components: the Sensor Unit and the Display Unit. The 

Sensor Unit detects and measures electricity usage from the electric meter and wirelessly relays this 

information to the display unit. It fits around the glass dome of the electric meter via a collar

mechanism and uses an optical sensor to measure either the movement of the disk of an 

electromechanical meter or the emitted light pulses from an electronic meter with an optical port-as 

50 Several devices, such as Energy, Inc.'s The Energy Detective ("TED") require only two clamps onto the main 
wires from the circuit breaker to the fuse box (a professional electrician should do the installation). The Blue Line 
Innovations' PowerCost Monitor, another IHD with a unique electricity sensor, is installed by simply clamping the 
sensor unit to the outside of the meter's glass casing. 

51 IHDs that relay real-time price signals from the utility are more complex than a standard IHD and require one- or 
two-way communication with the utility. They often require professional installation by the utility. 

52 Blue Line Innovations, Inc. (2008). 
53 [d. 
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such, it can be used with both conventional and digital meters. The information it gathers is then 

wirelessly transmitted to the Display Unit. 

The Display Unit is a wireless IHD that provides the real-time electricity consumption 

information gathered by the Sensor Unit. The Display Unit has a user-friendly interface and generally 

provides three types of feedback information (aside from time and temperature): current consumption, 

consumption totals, and status. Current consumption is the instantaneous amount of electricity being 

used by the household in dollars per hour or kW. Consumption totals include the cumulative amount of 

electricity consumed from the last reset of the totals, in dollars and kWh. Consumption totals are 

analogous to the "trip-ometer" of an automobile. 

Status information includes a Disk Emulator, which spins at a rate that reflects how much energy 

is being consumed; a Signal Quality Indicator, which displays vertical bars to reflect the wireless signal 

quality from the Sensor Unit; Low Battery Level Indicators; and most interestingly, a Consumption 

History Indicator. The Consumption History indicator displays two pieces of information using a plot of 

stacked bars and an arrow. The stacked bars indicate the peak amount of energy (in kW) consumed over 

the last 24-hour period relative to the maximum amount of energy consumed since the last reset of the 

consumption totals. The arrow points to the stacked bars and indicates the current level of energy 

consumption relative to the 24-hour peak and to the maximum from the last totals reset. 

As described earlier, the PowerCost Monitor is capable of instantaneous consumption costs and 

consumption cost totals; however, the unit does not receive price signals from the utility. The user must 

program the appropriate rate structure into the PowerCost Monitor. The PowerCost Monitor can 

accommodate the following rate structures: flat-rate, tiered rates (up to nine rates), and time-of-use rates. 

The following IHD does not require rates to be programmed into the unit and is overall quite 

different from the PowerCost Monitor. 

2- The Energy Orb54 

The Energy Orb is an IHD manufactured by Ambient Devices that was tested by residential and 

" Primen, Inc. (2004). 
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business customers in the California Information Display Pilot.55 It is currently offered to business 

customers of Pacific Gas & Electric as a facilitator to demand response programs and is available for 

$149. Installation is straightforward-the Orb simply needs to be plugged into an electric outlet. 

The Energy Orb is quite different from the PowerCost Monitor and other prototypical IHDs, both 

in the information it presents and in the way it is presented. Physically, the Energy Orb is a subtle, small 

frosted-glass ball that glows different colors in response to a change in electricity prices-it does not 

display quantitative information. Furthermore, it has thus far been applied to programs involving time

of-use and critical-peak pricing. As such, its primary purpose has been to facilitate demand response; 

energy savings is only secondary. The Energy Orb simply changes colors: the Orb is solid blue during 

standby, when no event has been called; it changes to solid yellow to indicate that a day-ahead event warning 

has been called; flashes yellow when an event will occur later in the day; turns solid red when an event is 

underway; flashes red when an event is underway and another has been declared for the following day; and 

finally, turns solid green when the notification system is being tested. 

Despite its response to varying electricity prices, it does not rely on AMI. Instead, it receives 

price signals through a subscriber's Ambient's nationwide wireless network, the "Ambient Information 

Network." As such, the device is dependent on one-way communication with a third-party service 

provider, separate from the applicable utility. 

Unlike the Energy Orb, the next IHD is functionally more like the PowerCost Monitor, but 

works in conjunction with a non-conventional, prepay meter system. 

3- The Salt River Project M-Power Unit56 

The Salt River Project ("SRP") M-Power unit, manufactured specifically for Salt River Project of 

Phoenix, Arizona, provides real-time information in a format similar to that of the PowerCost Monitor. 

However, unlike the PowerCost Monitor, the M-Power unit is used in conjunction with an electricity 

prepay program.57 As such, the unit provides information specific to prepaid electricity and is not 

commercially available for non-SRP customers. Additionally, the M-Power system must be 

professionally installed by SRP or a contractor. 

The SRP M-Power system consists of three components: an IHD, a prepay meter, and a smart card. 

55 The Energy Orb was selected as the IHD for the California Information Display Pilot ("IDP"), a part of the 
California Smart Pricing Pilot ("SPP"). 

" Pruitt (2005). 
57 . Please see the section on Salt River Project's M-Power Prepay Program. 
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These components create the platform on which SRP's customers purchase retail electricity. While the 

details of the prepay program are explained earlier in this paper, it is important to note that the IHD 

relies on the meter and the smart card for functionality in the context of SRP's program. 

In addition to information regarding general usage patterns, the M-Power unit displays information 

pertaining to electricity credit. Parameters displayed on the IHD monitor include: current cost per hour 

(dollars), rate (dollars per kilowatt-hour), cost today (dollars), cost yesterday (dollars), cost this month 

(dollars), cost last month (dollars), enough credit for X days (days), and remaining credit (dollars). 

While there are temporal differences in the data offered by the PowerCost Monitor and the SRP M

Power unit, both units generaIly provide consumption data in both units of cost and units of energy. 

As noted earlier, the SRP M-Power IHD operates in conjunction with a prepay meter. While the 

prepay meter is not in and of itself a smart meter, the M-Power IHD requires an advanced type of meter 

and cannot operate on a conventional electromechanical meter. Furthermore, SRP is in the process of 

installing smart meters in their service area that will be compatible with M-Power IHDs. The new 

system will allow customers to buy power via telephone and internet and will also enable time-of-use 

pricing, which will be available as a rate option to SRP customers, including those on electricity prepay 

plan.58 

OTHER FEEDBACK MECHANISMS 

Interactive web pages, PCs, and TV s have also been utilized as a means for providing feedback. 

However, the implementation of these technologies as real-time monitors of consumption and demand is 

much less common in utility pilots than IHDs. Also, functionality of these technologies may require 

advanced metering infrastructure or other means of real-time communication with the utility (e.g., via an 

internet hookup), depending on the frequency with which consumption information is updated. We do 

not examine internet, PC, or TV-based feedback mechanisms, as the primary focus of this paper is the 

IHDs. 

58 SRP intends to market a new generation of smart meters that wiII be capable of receiving credit purchased through 
the SRP website or by calling SRP, via communications through SRP's radio network. 

28 



ApPENDIX 2: IN-HOME DISPLAY PILOT SUMMARY TABLE 

Pilot State Utility Year Number of Customers IHD 
EnabU~ Time- Varying Preliminary Conservation Demand Response 

Typo Technology Ra .. Estimate Impact Impact 

Hydro One Real-Time 
Ontario I Canada Hydro One 2004-2005 382 - test f 42 - control 

Feedback Pilot 
Y N N N 6.S% N/A 

Be Hydro and 
British Columbia I 

Be Hydro y N N Y 2.7% N/A 
Newfoundland Power 

Canada 2005-2007 200 - total in pilot 
Newfoundland I 

Pilot c.n",. Newfoundland Power Y N N Y 18.0% N/A 

Power Cost Monitoring 
National Grid I Nstar I 

Massachusetts WesleI'n Massachusett.~ ZOO7 3,512 - test Y N N N/A TBD N/A 
Pilot Prognl.m 

Elecuic Company 

SDG&E In-Home 
California San Diego Gas & Electric Z007 300 -lest 

Display Program 
Y N N Y 13.0% N/A 

Kyushu Electric Power 113-testl 
-0.0\5 demand 

Kyushu Experiment J,,,,,, 1998 Y N N N elasticity w/r to N/A 
Company 206 - control 

monitor usage 

SRP M-Power 
Conservarion Effect Arizona Salt River Project 2004 2.600 - total in pilot Y N N N 12.8% N/A 

Swdy 

Woodstock Hydro's Pay- Woodstock. Ontario! 
Woodstock Hydro 1989-Present 2,500 in 2004 Y N N N 15.0% N/A 

A.<;-You-Go Canada 

~l 
1.8% 

it;(;;:: 81-test/75-control Y N N N 6.7% 
Hydro One Time-of-Use 

Ontario I Canada Hydro One 2007 
(peak) 

~:0:',: Pilot y 5.5% 
153 - test/75 - control Y N 

(TOU) 
N 7.6% 

(peak) 

California Infonnation 
California PG&E J SCE I SDG&E 2004 61 Y Y 

Y 
N/A (not significant) (not significant) 

Display Pilot (TOUlCPP) 

Country Energy's Home New South Wales I 
Country Energy 2004-2005 200 - total in pilol Y N 

Y 
N 8.0% 

30% 

Energy Efficiency Trial Australia (TOUlCPP) (criLical peak! 

1XU Energy Price y 
GUarllJlLee 24 with Texas TXU Energy 2006-Prescnl 500 in 2006 Y N 

(TOU) 
N/A TaO TBD 

.•. ~ 
Energy Monitor 

,;;:,::1,,;':: 
LG&E Responsive ;,;. y 

","'~ -:, 
Pricing and Sman Kentucky Louisville Gas & Electric 2008-2011 150 - te.~l/l ,850 - control Y Y 

(TOUfCPP) 
N/A TaO Tao 

']".-
Metering Program 

Notes: 

Load Shifting impacts were measured for various periods. categorized as: peak hours or critical peak hours 

Enabling technologles refer to sman thermostats, regulated water heaters. regulated pool pumps, and other devices programmed to respond to price signals. 

Y refers to "yes" and N refers to "no". TBD refers 10 "to be detennined~ and N/A refers to "not available:". 
wlr refers to "'with respect". 
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HOUSEHOLD RESPONSE TO DYNAMIC PRICING OF ELECTRICITY 

A SURVEY OF SEVENTEEN PRICING EXPERIMENTS 

Ahmad Faruqui and Sanem Sergici' 

November 13, 2008 

Since the energy crisis disrupted markets in California and several other western states in 
2000-200 I, much attention has been given to boosting demand response in electricity markets. 
One of the best ways to let that happen is to let customers see the dynamic variation in wholesale 
energy costs. This can be accomplished by letting retail prices vary dynamically, but that can 
only be done by changing the metering infrastructure, which is expensive. While a good portion 
of this investment can be covered by savings in power distribution costs, a significant portion 
still has to be covered by reductions in power costs that is brought about through demand 
response. Thus, many states are investigating whether customers will respond to the higher 
prices by lowering demand and if so, by how much. 

To help them in this assessment, we survey the evidence from the 17 most recent 
experiments with dynamic pricing of electricity. We find that, on average, households 
(residential customers) respond to higher prices by lowering usage. The magnitude of price 
response depends on several factors, such as the magnitude of the price increase, the presence of 
central air conditioning and the availability of enabling technologies such as two-way 
programmable communicating thermostats and gateway systems that allow mUltiple end-uses to 
be controlled remotely. Across the range of experiments studied, time-of-use rates induce a drop 
in peak demand that ranges between three to six percent and critical-peak pricing tariffs lead to a 
drop in peak demand of 13 to 20 percent. When accompanied with enabling technologies, the 
latter set of tariffs lead to a drop in peak demand in the 27 to 44 percent range. 

INTRODUCTION 

There is substantial evidence on the value of demand response2
. A recent study showed 

that just a five percent reduction in U.S. peak electric demand would provide a benefit of $35 

, The authors are economists with The Brattle Group based respectively in the firm's San Francisco, CA and 
Cambridge, MA offices. We have benefited enormously from comments on earlier drafts of this paper by 
individuals who have had primary involvement with the experiments surveyed in this paper and from 
others with an interest in analysis of experimental data and with dynamic pricing more broadly. Any 
errors that remain are our responsibility. Comments can be directed to ahmad.faruqui@brattle.com. 

2 U.S. Department of Energy (DOE) defines demand response as "changes in electric usage by end-use 
customers from their normal consumption patterns in response to changes in the price of electricity over 
time, or to incentive payments designed to induce lower electricity use at times of high wholesale market 
prices or when system reliability is jeopardized." (February 2006 DOE EPAct Report) 



billion for the US as a whole. 3 Over the past several years, several demand response programs 

have been included in utility plans as alternatives for developing more generating stations and 

directed at large commercial and industrial customers. In most restructured states, customers 

who draw more than 500 kW demand from the grid are placed on a default real-time pricing rate. 

Others have the option of volunteering onto incentive-based demand response programs of 

various kinds. In certain other states, mostly located in the Southeastern U.S., large customers 

can volunteer onto real-time pricing rates on a day-ahead or hour-ahead basis. However, for 

residential customers, the only demand response program that has been widely deployed in 

recent years is some form of direct load control of end-uses such as central air conditioning or 

electric water heating. 

Time-based pricing programs could substantially expand the benefits of demand response 

to customers, utilities, and society as a whole. However, such programs are still in their infancy, 

largely because of concerns that customers won't effectively respond to time-varying rates. Are 

these concerns valid or are they misplaced? Pricing pilots and experimentation are undertaken to 

shed light on this question that sits at the heart of the debates over the effectiveness of full-scale 

pricing programs. This is a fair question since the deployment of advanced metering 

infrastructure (AMI) to measure demand response is costly and financing parties need to be 

assured that expenses will be justified by potential benefits of the demand response. The only 

way to assess this cost-benefit trade-off without deploying a full-scale program is to conduct an 

experiment or a pricing pilot. A well-designed pilot tests the parameters of a time-based pricing 

program and provides an estimate of how much demand response is likely to realize after 

controlling for all other factors that have the potential to confound estimations. 

In this paper, we seek an answer to this question by drawing upon the evidence from 17 recent 

residential pricing experiments that examine customer response to time-varying prices. We find 

that the time-of-use (TOU) rates are likely to induce three to six percent drop in peak usage 

while critical-peak pricing (CPP) tariffs induce a drop in the range of 13 to 20 percent, for the 

average customer. Our review reveals that the availability of enabling technologies amplifies 

customer response to time-varying prices. Customers with enabling technologies are likely to 

reduce their peak demand in the 27 to 44 percent range. 

3 Faruqui, A., R. Hledik, S. NeweJl, and J. Pfeifenberger, "The Power of Five Percent," The Electricity 
Journal Vol. 20 (2007), Issue 8:68-77. 
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It is important to note that the pricing pilots reviewed in this study are largely heterogeneous in 

terms of their study designs. Some of them are true scientific experiments with random treatment 

and control groups with proper accounting of before and after treatment effects. Others have 

random control groups but the treatment groups suffer from self-selection bias. Some 

experimental designs involve several rates allowing for the estimation of price elasticities while 

others feature only a single rate. Some experiments last for several years and some others last 

only for a couple of months. In this paper, we don't attempt to control for differences in the 

design of the experiments. However, we describe each experiment in sufficient detail so that 

readers can place each experiment in perspective. 

OVERVIEW 

In the late 1970s and early 1980s, the first wave of electricity pricing experiments was carried 

out under the auspices of the U.S. Department of Energy and its predecessor agency, the Federal 

Energy Administration. Those experiments were focused on measuring customer response to 

simple (static) time-of-day and seasonal rates.4 The top five experiments were analyzed 

collectively in a project carried out by the Electric Power Research Institute. 5 The results were 

quite conclusive: customers responded to higher prices during the peak period by reducing peak 

period usage andlor shifting it to less expensive off-peak periods. The results were consistent 

around the country once weather conditions and appliance holdings were held constant. 

Customer response was higher in warmer climates and within a given climate; it was higher for 

customers with central air conditioning systems. 

However, despite the conclusive findings, time-varying rates were not widely accepted across the 

country. In part this was due to the high cost of time-of-use metering. In part it was because the 

peak periods that were offered in these rate designs were much too broad for customers to cope 

with. This lack of acceptance was also because the cost of peaking capacity did not vary 

sufficiently from the cost of off-peak capacity to bother offering time-of-use rates. 

4 Faruqui, A. and J. R. Maiko. 1983. "The Residential Demand for Electricity by Time-of-Use: A Survey of 
Twelve Experiments with Peak Load Pricing." Energy Vol. 8: 781-795. 

, Caves, D. W., L. R. Christensen, and J. A. Herriges. 1984. "Consistency of Residential Customer Response 
in Time-of Use Electricity Pricing Experiments." Journal of Econometrics 26: 179-203. 
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The California energy crisis of 2000-200 I rekindled interest in time-varying rates. A variety of 

academics, researchers and consultants called for the institution of rates that would be 

dynamically dispatchable during critical-price periods. These occur typically during the top one 

percent of the hours of the year where somewhere between nine and 17 percent of the annual 

peak demand is concentrated. It is very expensive to serve power during these critical peak 

periods and even a modest reduction in demand during such periods can be very cost-effective. 

In addition, the introduction of digital technology in meters has brought with it the availability of 

advanced metering infrastructure, AMI, making dynamic pricing a cost-effective option in most 

situations. 

As stated before, this article summarizes the results of several second-wave dynamic pricing 

experiments6 that have been carried out in the U.S., Canada, France, and Australia. Our review 

of these pilots reveals that dynamic electricity pricing programs are effective in reducing 

electricity usage for residential customers. In general, CPP programs supported with enabling 

technologies result in the largest reductions in load. However, CPP programs alone (without an 

enabling technology) also achieve significant reductions in load. TOU programs without 

enabling technologies reduce load somewhat; however, when TOU programs are supported with 

enabling technologies, the average load reduction is larger. Based on the pilot results, the 

combination of dynamic prices with enabling technologies appears to be the most effective 

program design for reducing electricity usage during high-priced periods. Summaries of the 

characteristics and impacts associated with the experiments reviewed in this article are shown in 

Table I and Figure I. 

Comparative results are presented for the following experiments: 

• California- Anaheim Peak Time Rebate Pricing Experiment 

• California- Automated Demand Response System Experiment (ADRS), which was 

conducted as an adjunct to the statewide pricing pilot 

6 We use the term "dynamic pricing" to refer to pricing signals that are triggered based on actual wholesale 
market prices and not set in advance. Thus, a time of use (TOU) rate is not a dynamic price, since the peak 
period is known in advance as its timing whereas under critical peak pricing (CPP), although the rate may 
be set in advance, the critical days are called based on wholesale market conditions. 
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• California- Statewide Pricing Pilot (SPP) 

• Colorado- Xcel Experimental Residential Price Response Pilot Program 

• Florida- The Gulf Power Select Program 

• France- Electricite de France (EDF) Tempo Program 

• Idaho- Idaho Residential Pilot Program 

• IlIinois- The Community Energy Cooperative's Energy-Smart Pricing Plan (ESPP) 

• IIIinois- Ameren Illinois Utilities Power Smart Pricing Program 

• IlIinois- CornEd Residential Real Time Program 

• Missouri- AmerenUE Residential TOU Pilot Study 

• New Jersey- GPU Pilot 

• New Jersey- Public Service Electric and Gas (PSE&G) Residential Pilot Program 

• New South Wales/ Australia- Energy Australia's Network Tariff Reform 

• Ontario/ Canada- Ontario Energy Board Smart Price Pilot 

• Washington (Seattle Suburbs)- Puget Sound Energy (PSE)'s TOU Program 

• Washington - Olympic Peninsula Project 
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Table 1- Overview of the Experiments 

Pilot State Utility Year Number of Customers 
Number of Rates 

Tested in the Pilot , 

, 

Anaheim Critical Peak Pricing Experiment California Anaheim Public Utilities (APU) 2005 52 control, 71 treatment I 

California Automated Demand Response 
Pacific Gas & Electric (pG&E), 

In 2004: 104 control, 122 treatment 
System Pilot (ADRS) 

California Southern California Edison (SeE) and 2004-2005 
In 2005: 101 control, 98 treatment 

I 
San Diego Gas & Electric (SDG&E) 

Pacific Gas & Electric (PG&E), 
California Statewide Pricing Pilot (SPP) California Southern California Edison (SeE) and 2003-2004 2,500 customers 3 

San Diego Gas & Electric (SDG&E) 

The Gulf Power Select Program Florida Gulf Power 2000-2001 
2300 customers participating in the RSVP 

2 
program 

Electricite de France (EDF) Tempo 
France Electricite de France Since 1996 400,000 customers I 

Program 

Idaho Residential Pilot Program Idaho Idaho Power Company 2005-2006 
TOO Program- 420 control, 85 treatment 

2 
EW Program- 355 control, 68 treatment 

The Community Energy Cooperative's 
Illinois Community Energy Cooperative 2003-2005 1,500 customers 2 Energy-Smart Pricing Plan (ESPP) 

TOU - 89 control, 88 treatment 

AmerenUE Residentia1 TOU Pilot Study Missowi AmerenUE 2004-2005 
TOU/CPP- 89 control, 85 treatment 

2 TOU/epp wi Technology- 117 control, 77 
treatment 

GPU Pilot New Jersey GPU 1997 Not Available 2 

Public Service Electric and Gas (PSE&G) 
New Jersey 

Public Service Electric and Gas 
2006-2007 450 control, 836 treatment I 

Residential Pilot Program Company (pSE&G) 

Energy Australia's Network Tariff Reform New South Wales Energy Australia 2005 
TOU program: 50,000 customers Tested several dynamic 

SPS: 1300 treatment tariffs. 

Ontario Energy Board Smart Price Pilot Ontario/Canada Hydro Ottawa 2006-2007 125 control, 373 treatment 3 

Puget Sound Energy (pSE)'s TOU 
Washington Puget SOlUld Energy 2001-2002 300,000 customers I 

Program 

BOIllleville Power Administration. 

Olympic Peninsula Project 
Washington and Clallam County PUD, The City of Port 

2005 28 control, 84 treatment 3 
Oregon Angeles, Portland General Electric, and 

PacifiCorp 

Xcel Experimental Residential Price 
Denver- Colorado Xcel Energy 2006-2007 1350 control, 2349 treatment 3 

Response Pilot Program 
-~~ - - -- - -
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Notes: 

*Percentage reduction in load is defined relative to different bases in different pilots. The following notes are intended to clarify these different definitions. 

I. TOU with Technology (TOU wi Tech) and CPP with Technology (CPP wi Tech) refer to the pricing programs that had some form of enabling technologies. 

2. TOU program impacts are defined relative to the usage during peak hours unless otherwise noted. 

3. CPP program impacts are defined relative to the usage during peak hours on CPP days unless otherwise noted. 

4. Ontario- I refer to the percentage impacts during the critical hours that represent only 3-4 hours of the entire peak period on a CPP day. Ontario- 2 refer to the 

percentage impacts of the programs during the entire peak period on a CPP day. 

5. TOU impact from the SPP is based on the CPP-F treatment effect for normal weekdays on which critical prices were not offered. 

6. ADRS- 04 and ADRS- 05 refer respectively to the 2004 and 2005 impacts. ADRS impacts on non-event days are represented in the TOU with Technology section. 

7. CPP impact for Idaho is derived from the information provided in the reviewed study. Average ofkW consumption per hour during the CPP hours (for all 10 event 

days) is approximately 2.5 kW for a control group customer while this value is 1.2 kW for a treatment group customer. Percentage impact from the CPP treatment is 

calculated as 50%. 

8. Gulf Power-I refers to the impact during peak hours on non-CPP days and therefore shown in the TOU with Technology section while Gulf Power- 2 refers to the 

impact during CPP hours on CPP days. 

9. Ameren- 04 and Ameren- 05 refer to the impacts respectively from the summers of2004 and 2005. 

10. SPP- A refers to the impacts from the CPP-V program on Track A customers. Two thirds of Track A customers had some form of enabling technologies. 

II. SPP- C refers to the impacts from the CPP-V program on Track C customers. All Track C customers had smart thermostats. 

12. Xcel-CPP program only differentiates between CPP and non-CPP hours while Xcel-CTOU program differentiates between CPP, on-peak, and off-peak hours. 
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PRICING EXPERIMENTS 

CALIFORNIA- ANAHEIM CRITICAL PEAK PRICING EXPERIMENT 

The City of Anaheim Public Utilities (APU) conducted a residential Critical Peak Pricing 

Experiment between June 2005 and October 2005. 7 A total of 123 customers participated in the 

experiment: 52 in the control group and 71 in the treatment group. The CPP rate rewarded 

participants with a rebate of $0.35 for each kWh reduction below the reference level peak-period 

consumption on non-CPP days (i.e., the baseline consumption). The rate design is presented in 

Table 2. 

Table 2- Anaheim CPP Program Rate Design 

Group Charge Applicable Period 

Standard increasing-block residential tariff: 
Control $O.0675/kWh if consumption <~240kWh per month All hours 

$O.1102lkWh if consumption >240kWh per month 

Treatment Standard increasing-block residential taritT 
All hours except except peak hours 

(12 a.m. - 6 p.m.) on CPP days 

Treatment 
$0.35 rebate for each kWh reduction relative to their 

Peak hours (12 a.m. - 6 p.m.) on CPP days 
typical peak consumption on non-CPP days. 

Wolak compared IS-minute average daily load profiles of the treatment and control groups in the 

pre-program period to assess whether there were any biases in the selection of these two groups 

of customers. Statistical comparisons reveal that the load differences between treatment and 

control group customers are not statistically significant and the selection of treatment and control 

customers was random. 

Impact analysis from the experiment shows the treatment group used 12 percent less electricity 

on average during the peak hours of the CPP days than the control group did. Demand response 

by treatment customers was greater on higher temperature CPP days than on lower temperature 

CPP days. 

7 Wolak, Frank A., "Residential Customer Response to Real-Time Pricing: Anaheim Critical Peak Pricing 
Experiment," VCEI and Department of Economics, Stanford and NBER, 2007. 
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CALIFORNIA- AUTOMATED DEMAND RESPONSE SYSTEM PILOT
8 

California's Advanced Demand Response System (ADRS) pilot program by Pacific Gas & 

Electric (PG&E), Southern California Edison (SCE), and San Diego Gas & Electric (SDG&E) 

companies was initiated in 2004 and extended through the end of2005. ADRS operated under a 

critical peak pricing tariff which was supported with a residential-scale, automated demand 

response technology. Participants of the pilot installed the Good Watts system, an advanced home 

climate control system that allowed users to web-program their preferences for the control of 

home appliances. Under the CPP tariff, prices were higher during the peak period (2 p.m. to 7 

p.m. on weekdays). All other hours, weekends, and holidays were subject to the base rate. When 

the "super peak events" were called, the peak price was three times higher than the regular peak 

price. 

Results show that program participants achieved substantial load reductions in both 2004 and 

2005 compared to the control group. Load reductions on super peak event days were consistently 

about twice the load reductions during the peak periods on non-event days. Peak reductions were 

as high as 51 percent on event days and 32 percent on non-event days. Enabling technology 

emerged as the main driver of the load reductions especially on super peak event days and for the 

high consumption customers. Overall, load reductions of the ADRS participants were 

consistently larger than those of the other demand response program participants without the 

technology. 

Table 3 presents the impact estimates from the ADRS for high consumption customers on CPP 

event days and non-event days. 

Table 3- Peak Period Load Reductious for High Consumption Customers 

Event Days NonMEvent Days 

Program Year 
Average Reduction 

% Reduction 
Average Reduction 

% Reduction 
(kW) (kW) 

2004 1.84 51% 0.86 32% 
2005 1.42 43% 0.73 27% 

, Rocky Mountain Institute, "Automated Demand Response System Pilot," 2006. 
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CALIFORNIA- STATEWIDE PRICING PILOT9 

California's three investor-owned utilities, Pacific Gas & Electric (PG&E), Southern California 

Edison (SCE), and San Diego Gas & Electric (SDG&E), together with the two regulatory 

commissions conducted the Statewide Pricing Pilot (SPP) that ran from July 2003 to December 

2004 to test the impact of several time-varying rates. The SPP included about 2,500 participants 

including residential and small-to-medium commercial and industrial (C&I) customers. SPP 

tested several rate structures: 

• TOU-only rate where the peak price was twice the value of the off-peak price. 

• CPP rate where the peak price during the critical days was roughly five times greater than 

the off-peak price; on non-critical days, a TOU rate applied. The SPP tested two 

variations of the CPP rates. 

o The CPP-F rate had a fixed period of critical peak and day-ahead notification. 

CPP-F customers did not have an enabling technology. 

o The CPP-V rate had a variable-length of peak duration during critical days and 

day-of notification. CPP-V customers had the choice of adopting an enabling 

technology. 

The SPP utilized "standard demand models" derived from microeconomic theory to identity the 

impact of different rate and information structures on energy use. In addition to the estimation of 

impacts associated with the average prices used in SPP, these demand models allowed estimation 

of the impacts from other potential prices. A demand system of two equations was estimated for 

each different rate structure. One of these equations models daily energy use while the other 

equation models the ratio of peak to off-peak usage. 

In this review, we cover only the residential customer impacts for three rate structures: CPP-F, 

TOU, and CPP-V. 

CPP-F Impacts 

The average price for customers on the standard rate was about $0.13 per kWh. Under the CPP

F rate, the average peak-period price on critical days was roughly $0.59 per kWh, the peak price 

9 Charles River Associates, "Impact Evaluation of the California Statewide Pricing Pilot." Oakland, 
California, 2005. 

II 



on non-critical days was $0.22 per kWh, and the average off-peak price was $0.09 per kWh. 

CPP-F rate impacts are as follows: 

• On critical days, statewide average reduction in peak-period energy use was estimated to 

be 13.1 percent. Impacts varied across climate zones from a low of7.6 percent to a high 

of 15.8 percent. 

• The average peak-period impact on critical days during the inner summer months (July

September) was estimated to be 14.4 percent while the same impact was 8.1 percent 

during the outer summer months (May, June, and October). 

• On normal weekdays, the average impact was 4.7 percent, with a range across climate 

zones from 2.2 percent to 6.5 percent. 

• No change in total energy use across the entire year was found based on the average SPP 

prices. 

• The impact of different customer characteristics on energy use by rate period was also 

examined. Central AC ownership and college education are the two customer 

characteristics that were associated with the largest reduction in energy use on critical 

days. 

Table 4- Residential CPP-F Rate Impacts on Critical Days for Inner Snmmer Months 

(July, Angust, September) for All Customers 

Year 
Start Value Impact 

Estimate T-stat Impact (%) 
(kWh/hr) (kWh/hr) 

Peak 1.28 -0.163 - -20.94 -12.71 
Rate Period Off-peak 0.8 0.021 - 7.8 2.57 

a Daily 0.9 -0.018 - -6.88 -1.95 => 
M 

Elasticity 
Substitution · -0.086 -20.51 · 

Daily . · ·0.032 -6.8 · 

Peak 1.28 -0.178 . -18.49 -13.93 
Rate Period Off-peak 0.8 0.01 . 2.95 1.25 ... 

=> Daily 0.9 -0.029 -8.7 -3.24 => 
M 

Elasticity 
Substitution . · ·0.087 -16.84 · 
Daily · ·0.054 -8.55 

Notes: 

[1] Estimations are based on average customer approach. The average customer approach involves using the input 
values (e.g., weather, AC saturations and starting energy use values by rate period) for the average customer across 
all climate zones. 
[2] All the numbers are based on average critical day weather in 2003/2004. 
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TOUImpacts 

The average price for customers on the standard rate was about $0.13 per kWh. Under the TOU 

rate, the average peak-period price was roughly $0.22 per kWh and the average off-peak price 

was $ 0.09 per kWh. 

• The reduction in peak period energy use during the inner summer months of 2003 was 

estimated to be 5.9 percent. However, this impact completely disappeared in 2004. 

• Due to small sample problems in the estimation of TOU impacts, normal weekday 

elasticities from the CPP-F treatment may serve as better predictors of the impact ofTOU 

rates on energy demand than the TOU price elasticity estimates. 

CPP-V Impacts 

The average price for customers on the standard rate was about $0.14 per kWh. Under the CPP

V rate, the average peak-period price on critical days was roughly $0.65 per kWh and the 

average off-peak price was $0.10 per kWh. This rate schedule was tested on two different 

treatment groups. Track A customers were drawn from a population with energy use greater than 

600kWh per month. In this group, average income and central AC saturation was much higher 

than the general population. Track A customers were given a choice of installing an enabling 

technology and about two thirds of them opted for the enabling technology. The Track C group 

was formed from customers who previously volunteered for a smart thermostat pilot. All Track 

C customers had central AC and smart thermostats. Hence, two-thirds of Track A customers and 

all Track C customers had enabling technologies. 

• As shown in Table 5, Track A customers reduced their peak-period energy use on critical 

days by about 16 percent (about 25 percent higher than the CPP-F rate impact). 

• Track C customers reduced their peak-period use on critical days by about 27 percent. 

Comparing the CPP-F and the CPP-V results suggest that usage impacts are significantly larger 

with an enabling technology than without it. 
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Table 5- Residential CPP-V Rate Impacts for Summer for All Customers 

Start Val.e 
(kWh/hr) 

Peak 2.14 

Rate Period 
OtT-peak 1.33 

...: Daily 1.46 

'" Weekend Daily 1.3 y 
~ 
~ Substitution f- -

Elasticity Daily -
Weekend Daily 

Peak 2.33 

Rate Period Off-peak 1.26 
Daily 1.43 

u Weekend Daily 1.34 

'" y 
Substitution ~ -

~ 

f- Tech. Imp8ct-Substitution 
Elasticity Daily 

Tech. Impact-Daily -
Weekend Daily 

Notes: 

[1] Estimations are based on average customer approach. 
[2] Track A analysis was conducted for summer 2004. 

Impact 
Estimate 

(kWh/hr) 
-0.3374 -
0.0445 
-0.0187 
0.0173 -

-0.111 
- -0.027 
- -0.043 

-0.635 -
0.044 
-0.059 
0.016 -

- -0.077 
-0.214 

- -0.044 
-0.019 

- -0.041 

[3] Track C analysis pools summers 2003 and 2004 and estimates a single model. 

COLORADO- XCEL ENERGY TOU PILOT to 

T-stat Impact (%) 

-10.89 -15.76 
4.26 3.34 
-1.71 -1.28 
2.72 1.33 

-11.76 
-1.7 

-2.74 -

-35.03 -27.23 
3.19 3.52 
-9.85 -4.17 
4.1 1.2 

-10.61 
-24.04 
-3.49 -
-3.49 
-4.12 

In the summer of 2006, Xcel Energy initiated a pilot program that tested the impact ofTOU and 

cpp rates, as well as enabling technologies, on demand in the Denver metropolitan area. The 

effective treatment period lasted about a year, from July 15, 2006 through July 15, 2007. 

Approximately 3,700 residential customers initially volunteered into the pilot program; 

approximately 26 percent of those customers left the pilot by the end, leaving a final sample of 

about 2,900 participants. 11 The program made use of Advanced Meter Reading (AMR) 

infrastructure. All customers had interval meters installed, prior to the pilot program, which 

could wirelessly transmit consumption to mobile vehicles collecting the household data. Some 

10 Based on the following two reports: "Xcel Energy TOU Pilot Final Impact Report," Energy Insights, Inc, 
March 2008; and, "Experimental Residential Price Response Pilot Program, March 2008 Update to the 
2007 Final Report," Xcel Energy, March 2008. 

" The report notes that, because customers who want to participate are included in the pilot, there is an 
inherent self selection bias involved. 
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customers were offered enabling technologies-AC cycling switches and Programmable 

Communicating Thermostats (PCT)-in addition to the tested rate structures. Customers were 

subject to one ofthe three rate options: 

• Time-of-use (RTOU) 

o Higher price during on-peak periods and a lower price during off-peak periods 

• Critical peak (RCPP) 

o Critical peak prices up to 10 summer days; lower off-peak prices at all other times 

o Notification of the peak days by 4 pm the day before. 

• Time-of-use+ critical peak (RCTOU) 

o Higher on-peak price (lower than the RTOU on-peak prices), lower off-peak 

prices, and critical peak prices up to 10 summer days 

Table 6 illustrates the demand response impacts from the treatment groups during critical peak, 

on-peak, and off-peak hours in the summer months of pilot period. 12 All results presented below 

were determined to be statistically significant. Participants subject to critical peak pricing 

reduced demand during peak hours substantially more so than customers not subject to CPP. 

Nevertheless, all groups experienced some reduction in demand. Important to note again, 

however, is that self-selection may have played a role in the observed demand response impacts. 

Table 6- Demand Response Impacts 

Enabling 
Rate Technology Central AC Critical Peak On Peak Off Peak 

TOU None No -10.63% -2.95% 
TOU None Yes -5.19% -0.27% 
CPP None No -31.91% -0.08% 
CPP None Yes -38.42% 0.59% 
cpp AC Cycling Switch Yes -44.81% 1.34% 

CTOU None No -15.12% -2.51% 8.69% 
CTOU None Yes -28.75% -8.21% 3.56% 
CTOU AC Cycling Switch Yes -46.86% -10.63% 4.00% 
CTOU PCT Yes -54.22% -10.29% 2.96% 

12 As defined above, the summer months of the pilot included June, July, August, and September. As the pilot 
started in July of 2006 and ended in July of 2007, impacts were not measured for the months of June of 
2006, and August and September of2007. 
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Xcel Energy notes in the conclusion to its report that the pilot was conducted as a proof of 

concept rather than a technology test.]3 While the demand reduction was significant, the meters 

implemented in the pilot were too expensive to make the offerings cost-effective. 

FLORIDA- THE GULF POWER SELECT PROGRAM
14 

In 2000, Gulf Power started a unique demand response program that provides customers with 

three different service options as described below. 

• The standard residential service (RS) pricing option which involved a standard flat rate 

with no time varying rates. 

• A conventional TOU pricing option (RST) which is a two-period TOU tariff. 

• The Residential Service Variable Price (RSVP) pricing option which is a three-period 

CPP tariff. 

Under the RSVP option, the energy company provides the price signals and customers modify 

their usage patterns through a combination of the price signals and advanced metering and 

appliance control. Gulf Power markets the RSVP option under the GoodCents Select program 

and charges the participants a monthly participation fee. By the end of 2001, approximately 

2,300 homes were served by the RSVP. 

Table 7 shows the rates under the Gulf Power demand response program. 

Table 7- Residential Tariffs for Snmmer Months 

Program Period Charge Applicable 

RS Base $0.057lkWh All hours 

RST Off-peak $0.027lkWh 12 a.m.-12 p.m. and 9 p.m.-12 a.m. 
RST Peak $0.104/kWh 12 p.m.- 9 p.m. 

RSVP Off-peak $O.035lkWh 12 a.m.-6 a.m. and II p.m.-12 a.m. 
RSVP Mid-peak $O.046/kWh 6 a.m.-II a.m. and 8 p.m.-II p.m. 
RSVP Peak $0.093lkWh II a.m.-8 p.m. 
RSVP CPP $0.29lkWh When called 

13 "Experimental Residential Price Response Pilot Program, March 2008 Update to the 2007 Final Report," 
Xcel Energy, March 2008. 

14 Borenstein, S., M. Jaske, and A. Rosenfeld, "Dynamic Pricing, Advanced Metering and Demand Response 
in Electricity Markets", UCEI 2002. 
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Gulf Power reports the base coincident peak demand as 6.1 KW per household (hh). RSVP 

program performance results presented in Table 8 show that RSVP program participants reduce 

their demand by 2.75 KW per household during the critical peak period corresponding to a 41 

percent reduction in energy usage during the critical peak period. 

Table 8- RSVP Program Performance by Period 

Impact Type 

Average Demand Reduction 

A verage Energy Reduction 

Period 

Peak 
Critical Peak 

Peak 

Critical Peak 

FRANCE- ELECTRICITE DE FRANCE (EDF) TEMPO PROGRAM l5 

Impact 

2.1 kW/hh 

2.75 kW/hh 

22% 

41% 

Electricite de France (EDF) initiated the Tempo program in 1996. Rate design entails two price

tiers, peak and off-peak. A distinctive feature of the Tempo program is day-of-the-year pricing 

which groups the 365 days in a year into three day-types: 

• Blue days are the least expensive 300 days. 

• White days are moderately priced 43 days. 

• Red days are the most expensive 22 days. 

Customers learn which day would be in effect the next day through the use of several resources 

including web-resources, call-centers, subscription to e-mail alerts and plugging in an electrical 

device into their electrical sockets. 

EDF implemented a pilot program before launching the Tempo on a full-scale. The pilot 

program set prices that were much higher than the Tempo prices. The own-price elasticity for 

peak demand was estimated at -0.79, much higher than any of the estimates for U.S. pilots. Own

price elasticity for off-peak usage was estimated to be -0.18. 

15 Faruqui, A., S. S. George. 2002. "The Value of Dynamic Pricing in Mass Markets." Electricity Journal 
VoI.l5.6: 45-55. 
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IDAHO- IDAHO RESIDENTIAL PILOT PROGRAM 16 

Idaho Power Company initiated two residential pilot programs in the Emmett area of Idaho in the 

summer of2005 and the summer of2006: Time-of-day (TOO) and Energy Watch (EW). 

Time-of-Day Pilot 

The TOO pilot was designed as a conventional TOU program where the participants were 

charged different rates by time of the day as shown in Table 9. The TOO pilot included 85 

treatment and 420 control group customers as of August 2006. 

Table 9- Rate Design for the Time-of-Day Pilot 

Period Charge Applicable 

On-Peak $0.083/kWh Weekdays from I pm to 9pm 

Mid-Peak $0.06IlkWh Weekdays from 7am to Ipm 

OtT-Peak $O.045/kWh 
Weekdays from 9pm to 7am and all 

hours on weekends and holidays 

As shown in Table 10, the results from the TOO pilot for the summer of 2006 show that, on 

average, the peak period percentage of total summer usage was the same for the treatment and 

control groups - about 22 percent. In fact, the percentage of usage during the mid-peak and off

peak periods was also the same between the two groups. This indicates that the TOO rates had 

no effect on sh ifting usage. However, in light ofthe very low ratio of on-peak to off-peak rates 

(about 1.84), this result is not so surprising. It suggests that a higher ratio of peak to off-peak 

rates is needed to induce customers to shift usage from peak to off peak periods. 

16 Idaho Power Company, "2006 Analysis of the Residential Time-of-Day and Energy Watch Pilot 
Programs: Final Report," 2006. 
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Table 10- Summer 2006 (June-Augnst) Usage under the TOn Pilot 

Average Use (kWh) % of Total Summer Use Program Impact 

Period Treatment Control Treatment Control 
Difference 

T-stat 
(Control- Treatment) 

On-Peak I 800 763 22% 22% -36.46 0.66 

Mid-Peak 591 568 16% 16% -22.43 0.52 

OfT-Peak 2307 2162 62% 62% -145.78 0.99 

Summer 06 Usage 3698 3493 100% 100% -204.67 0.87 

Energy Watch Pilot 

The Idaho Power Company Energy Watch (EW) pilot was designed as a CPP pilot where the 

participants were notified of the CPP event on a day-ahead basis. A total of 10 EW days were 

called during the summer of2006. EW was designed as follows: 

• CPP hours from 5 p.m. to 9 p.m. 

• Day-ahead notification 

• CPP energy price of$0.20/kWh 

• Non-CPP energy price of$0.054IkWh 

The EW pilot included 68 treatment and 355 control group customers as of August 2006. 

Table II shows the reduction in load (k W) on CPP days for each of the event days. Average 

hourly demand reduction ranged from 0.64 kW (on June 29) to 1.70 kW (on July 27). Average 

hourly load reduction for all ten event days was 1.26 kW. The average total load reduction for a 

4-hour event was 5.03 k W. 
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Table 11- Energy Watch Day: Load Reductions (kW) On Each of the Ten Event Days 

Hour Hour 
29-Jun II-Jul 14-Jul IS-Jul J9-Jul 25-Jul 27-Jul 3-Aug 9-Aug IS-Aug Average 

Beginning Ending 

5pm 6pm 0.64 1.31 1.09 1.39 1.2 1.33 1.58 Ll4 0.83 1.02 Ll7 

6pm 7pm 0.69 1.5 1.17 1.43 1.32 1.45 1.62 1.27 1.14 Ll5 1.29 

7pm 8pm 0.17 1.58 1.16 1.57 1.41 1.55 1.7 1.24 1.02 0.96 1.33 

8pm 9pm 0.8 1.48 1.11 1.47 1.27 1.4 1.6 1.13 0.95 0.89 1.25 

4-Hour Tolal 2.89 5.87 4.53 5.85 5.2 5.74 6.5 4.17 3.94 4.02 5.03 
Average Hourly 0.72 1.47 Ll3 1.46 1.3 1.43 1.62 Ll9 0.99 1.01 1.26 
Min Temp 68 65 65 61 62 75 68 59 62 67 65 
Max Temp 85 100 98 94 98 99 104 92 85 92 95 
Avg Temp 75 84 83 79 80 87 87 76 73 80 80 

ILLINOIS- ENERGY SMART PRICING PLAN 

Community Energy Cooperative's ("CEC") Energy-Smart Pricing Plan (ESPP) was the first 

large-scale residential real-time pricing (RTP) program in the US. It took place in Illinois, and 

ran between 2003 and 2006. ESPP initially included 750 participants and expanded to nearly 

1,500 customers in 2005. The same number of participants was maintained for the 2006 

program year. ESPP focused on low cost technology and tested the hypothesis that major 

benefits may result from RTP without the adoption of expensive technology. 

The ESPP design included: 

• Day-ahead announcement of the hourly electricity prices for the next day (on the day of 

the event, customers were charged the hourly prices that had been posted the day before). 

• High-price day notification via phone or email when the price of electricity climbed over 

$0.10 per kWh (in 2006, the notification threshold was set to above $0.13 per kWh). 

• A price cap of $0.50 per kWh for participants meaning that the maximum hourly price is 

set at $0.50 per kWh during their participation in the program. 

• In 2005 (continued in 2006), cycling switches for central air conditioners were installed 

at participants homes, which effectively reduced energy consumption by AC units during 

high price periods. 

• In 2006, the Energy PriceLight, a glass orb similar in design to the Energy Orb ofPG&E, 

was distributed. The Energy PriceLight is a glass orb that receives wireless price 

information and relays this information, i.e. high or low electricity prices, by glowing in 

different colors. 
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• Energy usage education for participants. 

Pilot Program Results for 2005 17 

The main goals of the pilot were to determine the price elasticity of demand and the overall 

impact on energy conservation. A regression based analysis was conducted to estimate the price 

elasticity of demand for the summer months. Overall, the price elasticity during the summer of 

2005 was estimated to be -0.047. 

With enabling technology, i.e. automatic cycling of the central-air conditioners during high-price 

periods, the overall price elasticity increased to -0.069. The largest response occurred on high

price notification days. For instance, on the day with the highest prices during the summer of 

2005, participants reduced their peak hour consumption by 15 percent compared to what they 

would have consumed under the flat CornEd residential rate. Price responsiveness varied over 

the course of a day. Own price elasticities by time of day are presented in Table 12. 

Table 12- Elasticity Estimates from ESPP 

Time of the Day Elasticity Estimate 

Daytime (8 a.m. to 4 p.m.) -0.02 
Late afternoon/evening hours (4 p.m. to midnight) -0.03 
Daytime+ High-Price Notification -0.02 
Late Daytime/Evening+High-Price Notification -0.05 

The impact analysis indicated that ESPP participants consumed 35.2 kWh less per month during 

the summer months compared to what they would have consumed without the ESPP. These 

savings represented roughly three to four percent of summer electricity usage. Statistically 

significant savings were not found for winter usage which is not surprising since most high price 

days occur in the summer months in this area. Overall, ESPP resulted in a net decrease in 

monthly energy consumption. 

Pilot Program Results for 200618 

Results from the analysis of the ESPP in 2006 supported the findings of program's previous 

years. The price elasticity during the summer of 2006, for hours when the price of electricity 

17 Summit Blue Consulting, "Evaluation of the 2005 Energy-Smart Pricing Plan-Final Report," 2006. 
18 Summit Blue Consulting, "Evaluation of the 2006 Energy-Smart Pricing Plan-Final Report," 2007. 
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was equal to or below $0.13 per kWh, was estimated to be _0.047. 19 The price elasticity for the 

same period, but for hours when the price of electricity was above $0.13 per kWh, was estimated 

to be -0.082?O The Energy PriceLight improved customer responsiveness resulting in an 

elasticity of -0.067 across all hours. For customers with A/C cycling, the price elasticity for high 

price periods was quite high, estimated at -0.098. 

Results of the energy impact analysis indicated that ESPP participants consumed 16.7 kWh less 

per month, year round, relative to individuals not on the ESPP rate. During the summer months, 

participants consumed an additional 10.0 kWh less per month, or equivalently 26.7 kWh less per 

month total. This translates to approximately three percent of summer electricity usage, similar 

to the savings results of the 2005 program year. Again, on the whole, ESPP resulted in a 

decrease in monthly energy consumption. 

ILLINOIS- POWER SMART PRICING PROGRAM21 

Ameren Illinois Utilities (HAIU") started AIU residential real-time pricing program, branded as 

the Power Smart Pricing program in 2007. The program was to be administered in the service 

areas of the three Ameren Illinois Utilities: AmerenCIPS, AmerenCILCO, and AmerenIP. As of 

the end of2007, 484 customers had enrolled. 

The program is similar in design to the ESPP pilot that was conducted in Illinois. Residential 

customers pay rates that vary from hour to hour and day to day. In turn, customers are expected 

to reduce consumption during periods of high electricity prices. Customers receive electricity 

price information through the following means: I) customers are alerted of high electricity prices 

(above 13 cents per kWh) a day in advance by via email or a telephone call 2) customers can 

access price information via the internet or by calling a price hotline 3) select customers received 

the "PriceLight," a device similar to the Energy Orb distributed by PG&E, which relays 

qualitative price signals. 

19 In other words, a 100 percent increase in price would lead to a 4.7 percent reduction in demand. However, 
this elasticity is estimated for all hours and does not distinguish between the hours where the price of 
electricity was above and below $0.13 per kWh as was done in 2006 analysis ofESPP. 

20 In other words, a 100 percent increase in price would lead to a S.2 percent reduction in demand. 
21 CNT Energy, "Power Smart Pricing, 2007 Annual Report," 200S. 

22 



The PriceLight is a glass orb that receives wireless prices signals from the utility and 

subsequently changes colors. Cooler colors (green and blue) correspond to lower prices while 

warmer colors (orange and red) correspond to higher electricity prices. In 2007, only seven 

PriceLights were distributed; although another I 18 PriceLights are to be distributed in 2008. 

Power Smart Pricing program was not actively marketed until the fall of 2007. As such, only a 

small number of participants were enrolled during the summer of 2007, and consequently, a full 

load impact analysis was not conducted. Rather, a bill impact analysis was conducted, and it 

demonstrated, for bills issued through the end of January 2008, participants saved on average 

16.2 percent relative to what their bill would have been on the standard rate. A more thorough 

analysis, including load impacts, is expected to be available at the end ofthe 2008 program year. 

ILLINOIS- COMED RESIDENTIAL REAL-TIME PROGRAM
22 

Commonwealth Edison ("CornEd") of Illinois currently offers its customers the Residential 

Real-Time Pricing Program, an outgrowth of the Energy Smart Pricing Program ("ESPP") which 

was administered between 2003 and 2006 and is also reviewed in this paper. The program 

officially began on January 2, 2007; however, operations did not begin until April 1,2007. As 

of the end of 2007, 3,994 residential customers were enrolled in the Real-Time Pricing Program, 

and of these, 3,334 actively participated at year's end. 

The program's rates are based on hour-ending PJM wholesale prices. With respect to 

technology, the program participants are equipped with meters that are capable of charging real

time rates. Additionally, program participants are given the option to enroll in the "Load Guard" 

program, which equips participants' central air conditioning ("CAC") units with a "Digital 

Control Unit" ("DCU") that curtails CAC load during periods of high prices at a specified price 

threshold. 

Other features of the Residential Real-Time Program include: 

22 Comverge Inc., "CornEd Residential Real-Time Program- 2007 Annual Report," 2008. 
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• A web portal which provides outreach, education, enrollment, online bill comparison, 

and other energy-used management tools. 

• Online and phone-based price information, providing access to next day hourly price 

schedules, access to hour-ending prices and five minute real-time price intervals, 

predicted day-ahead price notifications via email, text messages, and/or automated phone 

calls, and real-time day-of price alerts via email or text messages. 

• High-price notification via phone or email when the day-ahead hour-ending price of 

electricity clears at or climbs over $0.13 per kWh (the option to set the threshold at $0.10 

per kWh or $0.14 per kWh is also available). 

• Energy usage education for participants. 

While the published results of the program did not detail demand response effects, energy 

conservation effects, or price elasticities associated with real-time pricing; the pilot did 

investigate participant bill savings. Key results from participant data collected over 2007 

indicated that participants were benefiting from the program. Results revealed that 95 percent of 

participants saved money relative to what they would have spent on the same level of 

consumption on a flat rate. More specifically, participants who had been in the program for a full 

12 month period saved seven to 12 percent on their electricity bills on average. Overall, bill 

savings of the participants reached $164,000 in 2007. 

MISSOURI- AMERENUE CRITICAL PEAK PRICING PILOT 

First Year of the Pilot Program (2004)23 

AmerenUE in collaboration with Missouri Collaborative formed by Office of Public Counsel 

(OPC), the Missouri Public Service Commission (MPSC), the Department of Natural Resources 

(DNR) and two industrial intervener groups initiated a residential TOU pilot study in Missouri 

during the spring of 2004. Program impacts associated with three different TOU programs were 

evaluated: 

• TOU with peak, mid-peak, and off-peak rates 

23 RL W Analytics, "AmerenUE Residential TOU Pilot Study Load Research Analysis: First Look Results," 
2004. 
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• TOU with a CPP component 

• TOU with a CPP component and an enabling technology (smart thermostat) 

Table \3 shows the rates evaluated in the pilot. 

Table 13- Residential TOU Experiment Summer Rate Design 

Program Time Charge Applicable 

TOU Off Peak $00481kWh Weekday IOpm-IOam, weekends, holidays 

TOU Mid Peak $0.0751kWh Weekdays lOam- 3pm and 7pm-l0pm 

TOU Peak $0. 1831kWh Weekdays 3pm - 7pm 

TOU-CPP Off Peak $0.048IkWh Weekdays I Opm-1Oam, weekends, holidays 

TOU-CPP Mid Peak $O.075JkWh Weekdays lOam- 3pm and 7pm-lOpm 

TOU-CPP Peak $0. 168/kWh Weekdays 3pm - 7pm 

TOU-CPP CPP $O.30/kWh Weekdays 3pm - 7pm. 10 times per summer 

Table 14 shows the number of participants in the treatment and control groups by type of rate. 

Table 14- Experiment Sample Allocation 

Treatment Treatment Sample Size Control Sample Size 

TOU 88 89 
TOU-CPP 85 89 
TOU-CPP-Tech 77 117 
Total 250 295 

The following results are based on the data compiled from the pilot b~tween June 1, 2004 and 

September 30, 2004. Average usage and demand by participants during the pilot is provided in 

Tables 15 and 16: 

• Results from Table 15 show that the participants in the TOU and TOU-CPP groups did 

not shift a statistically significant amount of load from the on-peak to off-peak or mid

peak periods. Off-peak consumption increased and peak consumption decreased only 

slightly for the treatment groups compared to the control groups for both TOU and TOU

CPP programs. However, none of these differences in consumption between the 

treatment and control groups are statistically significant. 

• Results from Table 16 show that the TOU-CPP-Tech group reduced their average CPP 

period demand by 35 percent compared to the control group on the event days. TOU-CPP 
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group reduced their demand by 12 percent during the same period. Both impacts are 

statistically significant at the five percent level. 

Table 15- Average Participant Use by Program and Time Period- 2004 

June 1-
Control Treatment 

Difference 
Statistical Significance 

Program September 30 (Control- T-test Pr> It I 
Period 

Group (kWh) Group (kWh) 
Treatment) 

of the Difference 

TaU Off Peak 33.63 34.87 -1.24 -0.71 0.479 Not Significant. 
TaU Mid Peak 23.59 22.78 0.81 0.71 0.476 Not Significant. 
TaU On Peak 13.81 13.36 0.45 0.67 0.505 Not Significant. 
TaU Seasonal 60.00 60.34 -0.34 -0.12 0.905 Not Significant. 

TOU-CPP Off Peak 35.84 38.36 -2.52 -1.19 0.235 Not Significant. 
TOU-CPP Mid Peak 24.11 24.54 -0.43 -0.34 0.733 Not Significant. 
TOU-CPP On Peak 13.82 13.29 0.53 0.73 0.466 Not Significant. 
TOU-CPP CPP 19.8 18.85 0.95 0.86 0.390 Not Significant. 
TOU-CPP Daily 62.87 65.3 -2.43 -0.72 0.473 Not Significant. 

TOU-ePP-Tech Off Peak 37.61 33JI 4.3 2.44 0.002 Significant. 
TOU-epp-T eeh Mid Peak 25.86 22.47 3.39 3 0.003 Significant. 
TOU-ePP-Tech On Peak 14.86 12.77 2.09 3.09 0.002 Significant. 
TOU-ePP-Tech CPP 21.39 15.48 5.91 6.5 0.000 Significant. 
TOU-ePP-Tech Daily 66.63 58.28 8.35 2.88 0.000 Significant. 

Table 16- Average CPP Period Demand on the 6 Event Days in Summer 2004 

Control Treatment 
Difference 

Statistical Significance 
Program (Control- % Difference T-test Pr> It I 

Group (kW) Group (kW) 
Treatment) 

of the Difference 

TOU-CPP 4.98 4.37 0.61 12% 2.09 0.038 Significant. 

TOU-CPP-Tech 5.36 3.49 1.87 35% 8.09 0.000 Significant. 

Second Year of the Pilot Program (2005)24 

During the second year of AmerenUE Critical Peak Pricing Pilot, the first year rate design 

described earlier remained in effect (see Table 13). Table 17 provides average participant usage 

by time period and program while Table 18 summarizes the average demand on peak periods of 

eight CPP days in the summer of2005. 

24 

• In 2005, the TOU-CPP and TOU-CPP-Tech customers reduced their usage during CPP 

periods by statistically significant amounts. However, seasonal usage reductions are not 

statistically significant at five percent level. 

Voytas, R., "AmerenUE Critical Peak Pricing Pilot," presented at Demand Response Research Center 
Conference, Berkeley, California, 2006. 
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• Average CPP period demand reduction during eight event days is 13 percent for TOU

CPP customers and 24 percent for TOU-CPP-Tech customers. Both impacts are 

statistically significant at five percent. 

Table 17- Average Participant Use by Program and Time Period - 2005 

Jun 1- Aug Control Treatment 
Difference 

Statistical Significance 
Prognm (Control- T-test Pr>111 31 Period Group (kWh) Group (kWh) 

Treatment) 
of the Difference 

TOU·CPP Off Peak 4495 4450 45 0.28 0.78 Not Significant. 
TOU·CPP Mid Peak 2054 2019 35 0.54 0.59 Not Significant. 
TOU-CPP On Peak 927 896 31 0.96 0.34 Not Significant. 
TOU-CPP CPP 252 219 33 3.92 0.00 Significant. 
TOU-CPP Seasonal 7.729 7.584 145 0.58 0.56 Not Significant. 

TOU-CPP-Tech Off Peak 4147 4017 130 0.91 0.37 Not Significant. 
TOU-ePP-Tech Mid Peak 1934 1901 33 0.46 0.65 Not Significant. 
TOU-ePP-Tech On Peak 884 863 21 0.64 0.52 Not Significant. 
TOU-ePP-Tech epp 240 182 58 5.99 0.00 Significant. 
TOU-ePP-Tech Seasonal 7.205 6.963 242 0.98 0.33 Not Significant. 

Table 18- Average CPP Period Demand on Eight Event Days in Summer 2005 

Control Treatment 
Difference 

Statistical Significance 
Program (Control- % Difference T-test Pr> III 

Group (kW) Group (kW) 
Treatment) 

of the Difference 

TOU-epp 5.56 4.84 0·72 13% 3.9 0.0001 Significant. 

TOU-ePP-Tech 5.29 4.05 1.14 24% 6.05 0.0001 Significant. 

NEW JERSEV- GPU PILOT25 

GPU offered a residential TOU pilot program with a critical peak price and enabling technology 

component in the summer of 1997. The rate design involved three price tiers (peak, shoulder, and 

off-peak) and a critical peak price that is only effective for a limited number of high-cost summer 

hours. Moreover, the pilot program tested the impacts from two sets of alternative rates by 

allocating treatment customers to two groups and subjecting each group to one of the two sets. 

Table 19 shows the control and treatment group rate designs. 

25 Braithwait, S. 2000, "Residential TOU Price Response in the Presence of Interactive Communication 
Equipment," In Pricing in Competitive Electricity Markets, edited by Kelly Eakin and Ahmad Faruqui: 
Springer. 
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Table 19- Experiment Rate Design 

Group Charge Applicable 

Standard increasing-block residential tariff: 
Control SO.12lkWh if consumption <=600kWh per month All hours 

$0. I 53JkWh ifconsumption >600kWh per month 

Off-peak: $O.06SIkWh 
la.m.-80.m. and 9p.m.-12p.m. weekdays; 

All day on weekends and holidays. 
Treatment Group I Shoulder:$O.175/kWh 9a.m.-2p.m. and 7p.m.-8p.m. weekdays. 
(High shoulder/peak design) 

Peak:$O.30IkWh 3p.m.-6p.m. weekdays 

CrilicaJ:SO.50/kWh When called during peak period 

OfT·peak:$O.09/kWh 
1 a.m.-8a.m. and 9p.m.-12p.m. weekdays; 

All day on weekends and holidays. 
Treatment Group 2 Shoulder:$O.12SIkWh 9a.m.-lp.m. and 1p.m.-8p.m. weekdays. 
(Low shoulder/peak design) 

Peak:$O.25/kWh 3p.m.-6p.m. weekdays 

Critical:S0.50IkWh When called during peak period 

One important feature ofthis pilot is that the treatment customers were installed communication 

equipment that allowed them to preset their usage patterns in response to the time-varying rates 

and receive price signals from the utility during the critical hours. 

Analysis of the hourly load data for each of the treatment and control group customers collected 

for the period of June through September 1997 revealed the following results: 

• On non-critical weekdays, the largest usage reductions in the average hourly load were 

observed during the peak period and averaged to 0.53 KW or 26 percent relative to the 

control group. Load reductions were also observed during the late-morning shoulder 

period, but these reductions were limited compared to those during the peak period. The 

treatment group with the high rate design reduced usage by roughly 50 percent more 

during each of peak and shoulder periods than the treatment group with the low-rate 

design. 

• On CPP days, the results were similar to those on the non-CPP weekdays; though larger 

in magnitude, especially during the peak period. In the first hour of the peak period, 

average load reduction was 1.24 KW or a 50 percent reduction compared to the control 

group. During the next two peak hours, the reduction was around I KW, later falling to 

0.59 KW on the last peak hour. Also, the treatment group usage was substantially larger 

than the control group during the shoulder and off-peak periods following the critical 

peak hours. 
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• On weekends, average usage was similar for the control and treatment customers, with 

slightly lower (though not statistically significant) levels for the treatment customers. 

• Average usage over all days by the treatment group decreased compared to the control 

group, but the result was not statistically significant. A large portion of these reductions 

can be attributed to the changes in the weekday usage. Average daily usage on weekend, 

weekdays, and all days are presented in Table 20. 

Table 20- Average Daily Usage for Summer 1997 (kWh) 

Control Treatment Usage Difference 0/0 Difference 

Weekdays 30.4 28.3 -2.1 -6.9% 
Weekends 34.1 33.7 -0.4 -1.2% 
All days 32.5 30.9 -1.6 -4.9% 

Pilot results were also utilized for the estimation of the substitution elasticities. Elasticity 

estimates were based on two alternative demand models; the constant elasticity of substitution 

(CES) model and the generalized Leontief (OL) model. 

• Substitution elasticity from the CES model is estimated to be -0.30. This estimate is 

larger than -0.17, the average of previous estimates from several other studies. Larger 

substitution elasticities from this pilot can be attributed to the presence of interactive 

communication equipments through which the customers preset their usage patterns of air 

conditioning (AC) and some other appliance. 

• OL model allows substitution elasticity estimates to vary by the time-period. Substitution 

elasticity between peak and ofT-peak periods was estimated as -0040 from the OL model. 

Substitution elasticities between other time-periods can be seen in Table 21. 
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Table 21- Substitutiou Elasticities 

GL 
Month Time Period CES Hieh Rate Tariff Low Rate Tariff 

Overall -0.306 

I 
Peak-shoulder - -0.155 -0.166 
Peak -off-peak - -0.395 -0.356 

Shoulder-off-peak -0.191 -0.IS7 

Overall -0.295 -

2 
Peak-shoulder - -0.055 -0.06 
Peak-off-peak - -0.407 -0.366 

Shoulder-off-peak -0.178 -0.176 

NEW JERSEY- PSE&G RESIDENTIAL PILOT PROGRAM 26 

Public Service Electric and Gas Company (PSE&G) offered a residential TOU/CPP pilot pricing 

program in New Jersey during 2006 and 2007. The PSE&G pilot had two sUb-programs. Under 

the first sub-program, myPower Sense, participants were educated about the TOU/CPP tariff and 

were notified of the CPP event on a day-ahead basis and the program assessed the reduction in 

energy use when a CPP event was called. Under the second sub-program, myPower Connection, 

also designed to assess the reduction in energy use when a CPP event was called, participants 

were given a free thermostat that received price signals from PSE&G and adjusted their air 

conditioning settings (CAC) based on previously programmed set points. A total of 1,148 

customers participated in the pilot program; 450 in the control group, 379 in myPower Sense, 

and 319 in myPower Connection. PSE&G recruited the participants separately for each group 

through direct mail with follow-up telemarketing27
• Customers didn't have the opportunity to 

choose the treatment they would be receiving. myPower Sense customers received a $25 

incentive upon enrollment and another $75 to be paid upon the conclusion of the program. 

myPower Connection participants were provided free programmable thermostats and received 

$75 at the end of the program. 

The TOU/CPP tariff included a night discount, a base rate, an on-peak adder, and a critical peak 

adder for the summer months as shown in Table 22. 

26 PSE&G and Summit Blue Consulting, "Final Report for the myPower Pricing Segments Evaluation" 
December 2007. 

27 PSE&G recruited pilot participants trom Cherry Hill and Hamilton towns as they had high percentages of 
residents on standard rates and high predicted penetrations of CAC. 

30 



Table 22- TOu/CPP Rate Design: Summer Months (Juue to September 2006 and 2007) 

Period 
Charge (June to Charge (June to 

Applicable 
September 2006) September 2007) 

Base Price $0.09IkWh $0.087IkWh All hours 

Night Discount -$0.05IkWh -$0.05IkWh 10 p.m.-9 a.m. daily 

On Peak Adder $0.08IkWh $0.15/kWh I p.m.-6 p.m. weekdays 

Critical Peak Adder $0.69IkWh $1.371kWh 
1 p.rn.-6 p.m. weekdays when called 

(Added to the base price when called) 

PSE&G called two CPP events in Summer 2006 and five CPP events in Summer 2007. Table 23 

summarizes the peak demand impacts on these 7 CPP event days. Results show that: 

• myPower Connection customers reduced their peak demand by 21 percent due to TOU

only pricing. These customers reduced their peak load by an additional 26 percent on 

CPP event days. 

• myPower Sense customers with CAC ownership reduced their peak demand by three 

percent on TaU-only days. On CPP event days, their peak load reductions reached to 17 

percent. Interestingly, myPower Sense customers without CAC ownership achieved six 

percent peak reductions on TaU-only days while the reductions reached 20 percent on 

CPP event days. 

• myPower Connection customers reduced their peak-demand consistently more than 

myPower Sense customers. The larger reductions for myPower Connection customers 

were not surprising since these customers had an enabling technology (i.e., the 

programmable thermostat) whereas the myPower Sense customers did not. 

Table 23- Estimated Peak Demand Impacts on 2006 and 2007 Summer CPP Event Days 

(Average kW per Hour) 

Impact Estimate 
Base Average Peak TOU Impact cpp Impact Total Impact 
Consumption (kW) kW % kW % kW % 

myPower Connection 2.85 ·0.59 -21% -0.14 -26% ·1.J3 -47% 

myPower Sense with CAe 2.6 -0.07 -3% -0.36 -14% ·0.43 -17% 

my Power Sense without CAe 1.6 t -0.09 -6% ·0.23 -14% -0.32 -20% 

Source: Summit Blue analysis ofPSE&G myPower data 
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Study also estimates summer substitution elasticities for myPower Connection and myPower 

Sense customers. Table 24 presents the elasticity estimates and the associated lower and upper 

bounds for 90 percent confidence level. 

As expected, myPower Connection customers have the largest elasticity of substitution, followed 

respectively by myPower Sense customers with and without CAC ownership. 

Table 24- Estimated Substitution Elasticity for Snmmers 2006 and 2007 

Impact Estimate Substitution Elasticity 90% Confidence Interval 

myPower Connection -0.125 -0.12 to -0.131 

myPower Sense with CAC -0.069 -0.063 to -0.075 

myPower Sense without CAe -0.063 -0.055 to -0.072 

NEW SOUTH W ALES/AuSTRALlA- ENERGV AUSTRALIA'S NETWORK TARIFF REFORM 28 

The TOU pricing program is the largest demand management project by Energy Australia. 

Recent price elasticity estimates from the TOU tariffs are presented in Table 25. 

Table 25- TOU Price Elasticity Estimates 

Type Season 
Peak Own Price Peak to Shoulder Peak to Off-Peak Cross 

Elasticity Cross Price Elasticity Price Elasticity 

Residential 
Summer 2006 -0.30 to -0.38 -0.07 -0.04 
Winter 2006 -0.47 -0.12 -

Business Summer 2006 -0.16 to -0.18 (ns) -0.03 -
less than 40 MWh) Winter 2006 -0.2 (ns) -

Business Summer 2006 -0.03 to -0.13 (ns) -
(40 MWh to 160 MWh) Winter 2006 -0.02 to -0.09 (ns) -

Note: ns refers to "not statistically significant" 

The TOU results show that: 

28 Harry Colebourn, "Network Price Reform," presented at BCSE Energy lnfTastructure and Sustainability 
Conference, December 2006. 
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