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1.  PROGRAM TYPES AND DEFINITIONS  
 

 

 

80 pilots have been reviewed for this report, selected from a pool of 

approximately 120.  Their e ffectiveness has been analyzed  according to 

type and according to a selection of variables, such as communication 

technology and information provided, to ascertain differing elements that 

may contribute to effectiveness.  The pilots reviewed here cover: 

Cr itical Peak Pricing (CPP), Critical Peak Rebates (CPR) and Time of Use 

(TOU).  Feedback and customer communication are considered important in 

the success of long - term demand response and customer relations.  This is 

especially true in markets where averag e household consumption is low and 

cost/benefit a challenge or in markets ï such as California, where 

pricing programs are implemented for the entire customer base.     

 

Without successful customer engagement, pricing programs fail.  Therefore 

methods for gaining this engagement and starting customer learning cycles 

with tools such as In House Displays and informative billing are included 

for analysis.  Lowered consumption levels here are viewed as proof of 

successful engagement which could be coupled with a dynamic pricing 

program to improve engagement and response levels of a wider customer 

base ï at low cost.  

  

The US Department of Energy defines Demand Response (DR) as a price based 

mechanism directed at end consumers.  The definition is as follows:  

ñChanges 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.ò1  

However, through comparison of pilot projects and rollouts such as the SM 

rollout in California, it is clear that DR is as much based on successful 

interaction and communication with end consumers  as pricing mech anisms.  

If the utility fails to engage the consumer in a positive manner the 

pricing signals are ineffective.  VaasaETTôs definition of DR is 

therefore:  

ñAny program, which communicates with the end consumer, using pricing, 

feedback and/or automation and  either enables them or encourages them to 

lower or shift energy consumption during periods of high wholesale market 

prices or when system reliability is jeopardized .ò 

                                                           
1

 FERC: A National Assessment  Action Plan On Demand Response  
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This definition lists pricing as an essential tool along with feedback, 

rather than sing ling it out as THE mechanism involved in Demand Response 

Programs.   

This report is divided into 3 sections.  Section 1 discusses the customer 

learning cycle as a mechanism involved in raising customer awareness and 

ensuring engagement.  It then reviews an d defines demand response and 

feedback program types with a short explanation of each.  Section 2 

analyses the comparative results of 80 pilots, divided into 124 programs, 

selected from Europe, Canada, the USA, Japan, Israel, Australia and 

several other ma rkets.  The pilot analysis provides aggregated results by 

pilot type and also breaks them down into 15 comparative variables.  The 

aim here has been to ascertain which variables can influence program 

results.  Section 3 is an opinion piece discussing a few  of the 

requirements for successful Demand Response rollout which traditional 

piloting does not focus on.  The aim of this section is to provide value -

added observations for utilities and technology companies to consider.   

 

 

1.1.  Learning Cycles and Piloting  

 

 

Understanding the experiential learning cycle of customers is not a 

purely academic exercise. Insight into how consumers learn, why feedback 

and pricing work, maximizes the impact of pilot studies and will 

eventually improve rollout results.  Electricity  is consumed as an 

invisible bi - product of whatever is the main activity.  Customers do not 

consider reading a book as an electricity consuming activity.  However, 

it often is.  Electricity is consumed when customers talk to friends in 

cars on mobile phone s, when they take showers, when they make toast.  Yet 

as electricity is never the focus of these activities, customers are 

unaware of the direct impact an activity has on their consumption levels.  

The low overall awareness of consumption has been exacerba ted, especially 

in Europe, by estimated billing practices. European consumers pay 

estimated and season adjusted bills, throughout the year. This protects 

them from realizing  at the end of a particularly cold month for example, 

that they have consumed more through electric heating during that period. 

The cost of high winter bills is evened out over the twelve months.  Many 

utilities read the meters manually and once a year.  The difference 

between the estimated consumption and the actual consumption is then 

calculated and paid at the end of the billing period.   

When residents drive cars they have the opportunity to notice if they  

have driven more than usual because they have to purchase extra gasoline.  

Actions lead to consequences quickly enough for the dr iver to make the 

connection.  The way residents are billed for electricity, it is as if 

for 11 months of the year they paid a gasoline fee and then at the end of 

the year made up the difference.  The connection between behavioral  

choices in January and con sequences in October is lost.   
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Figure 1: Current Understanding of Consequences of Electricity Consumption 

 

 

 

 

  

 

 

 

 

 

 

 

As Figure 1 depicts, the activity choices and costs never connect in the  

users mind.  In order for consumers to change their behavior  they need to 

connect these two and become aware of the consequences of their actions 

and motivated to adjust.
2
  A theory of experiential learning  applies here 

as one method for better understanding the mechanisms of this process.  

 

 

1.2.  Experiential Learning  

 

 

David Kolbôs theory of experiential learning  has been used in schools and 

for adult education for many years.  The hypothes is  states that people 

learn through: concrete experiences, analyzing  their own experiences, 

trying new experiments that further the idea of what they just learnt and 

noticing the results of those.   The process is therefore cyclical and a 

spiral  ï the more upward turns people go through of experimenting and 

analysis, the more they learn.   

 

An example of the experiential learning cycle  in action has been recorded 

by researchers developing displays at YelloStröm, Onzo and the 

Interactive Institute, when they observe and interview customers who are 

given displays.   

 

 

 

 

 

 

 

                                                           
2

 Within the electricity industry this is seen as the greatest barrier to successful energy saving and other 

efficiency programs (Darby 2006, Stromback 2010, Mourik 2009).  Research carried out by the UK Economic 

and Social Research Council in 2004 concluded that 16 MtC could be saved in the domestic sector with a 

payback time of less than 5 years but that a major challenge remains in motivating behavioural change òA 

major area of research is how such a process of learning ma y be stimulatedó (Darby 2006).   
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Figure 2: YƻƭōΩǎ ŜȄǇŜǊƛŜƴǘƛŀƭ ƭŜŀǊƴƛƴƎ ŎȅŎƭŜ 

 

The customer first observes the machine -  

learning how it functions, they then take 

it around the house with them, turning 

appliances on and off to see what the 

display will do.  In pedagogical terms ï 

the display has enabled a learning cycle to 

begin.   

   

 

 

    

                     

The consumer has the initial experience of turning on the display and 

noting that it is recording real time electricity consumption.  This is 

the first concrete experience  and step 1 in the cycle.  He actively 

observes  what the display does (step 2) comprehends  that he is seeing 

real time energy consumption (step 3) and decides to perform another 

active experiment  (step 4) carrying it around the house to note what 

happens when he turns on the lights or his daughterôs hair dryer.  This 

is then leads  to new realizations (hair dryers use a lot more electricity 

than lights) and a new cycle has started. This next cycle is actually 

teaching not only about the display but about how much different 

appliances consume.   

 

 

1.3.  Demand Response Program Descriptions  

 

 

As discussed above DR is a program designed to help consumers shift 

consumption away from peak consumption times to lower consumption 

periods, lowering distribution and supply costs.  This is achieved 

through dynamic pricing mechanisms.  The prices are raised at peak times 

and lowered at low consumption times.  However there are several methods 

and degrees of dynamic pricing, depending on the surrounding regulatory 

framework and the load profiles of the market
3
 

 

 

 

 

 

 

 

 

 

 

                                                           
3

 Guidelines for Designing Effective Energy Information Feedback Pilots: Research Protocols, 2008  
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Figure 3: The influence of peak pricing on load curves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Epri 
4
 

 

 

Figure 3 shows  the peak clipping achieved through the Critical Peak 

Pricing (CPP) program piloted during the California State Pilot.  

Residents on the pricing program lowered their consumption durin g the 

peak hours.  When the peak period ended, consumption of the control group 

rose above the peak level as A/C units turned back on.  However the total 

consumption peak would still have been lowered thanks to the customers 

enrolled in the CPP program.  B elow is an overview of the residential 

demand response programs on the market.    

 

Dynamic Pricing  is defined here as a price which is time based and 

includes more than one tariff.  All of the programs described below are 

therefore examples of dynamic pric ing.   

 

Time of Use Pricing  (TOU) Daytime consumption is higher than night - time 

consumption.  There are also daily morning and evening peaks in 

residential consumption.  TOU tariffs aim to encouraging people to use 

more electricity during times when consum ption in lower.  TOU usually 

includes 2 to 3 different tariffs per day:  a day/night tariff or night, 

day and peak hour tariffs.  Some TOU pricing schemes have been on the 

market for an extended period of time and it is difficult to calculate 

their impact,  however in TOU pilot tests the average consumption 

reduction during peak is approximately 4%. 

 

 

                                                           
4

 Load curve  = usage levels.  Load curves are a bit like sound waves.  The higher the usage the more they go 

up.  Lower the u sage and then go down.   
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Figure 4: TOU bands mandated by the Italian regulator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Source: Autorità per l'energia elettrica e il gas, 2008 

 

 

Figure 4 provides an exam ple of a state run TOU program mandated by the 

Italian regulator.  A 9 hour peak hour band is relatively long for a 3 

price system, as this is a long period during which to avoid consumption.  

This TOU tariff structure was not mandatory but an opt - in progr am for 

consumers.  Utilities were, however, required to make the pricing 

structure available and these pricing bands were shown on all smart 

meters, irrespective of what pricing program the consumer was actually 

using.   

 

TOU programs can also be coupled t o automation.  These will mean for 

example, that a thermostat or washing machine may be turned off or turned 

down for the peak TOU tariff period.  The average reduction in peak 

consumption of TOU programs with automation is 18% 

 

Peak Pricing (PP) i s a term  used in this research to describe all pricing 

programs which are  not daily but event  oriented and meant to lower a 

critical peak in price or in consumption.  Several of the graphs bel ow 

are calculated by TOU and PP programs.  A Peak Pricing program can 

in clude, Critical Peak Pricing, Critical Peak Rebates and Spot Pricing
5
.  

 

Critical Peak Pricing  (CPP)  specifies a substantially increased price for 

electricity use during times of heightened wholesale prices caused by 

heightened consumption (for example on very hot days) or when the 

stability of the system is threatened and black - outs may occur.   

 

Unlike time - of - use pricing times, which are typically in place for three 

                                                           
5

 Spot pricing is effective during peak days if an alert is used to inform customers that the price is above a set 

level.  In this case it qualifies as a Peak Pricing program.  There are other pricing programs which would 

qualify he re but these are the three concentrated on in this report.  
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to twelve hours a day, the periods when critical peaks occur depend on 

conditions in the market and might not be decided in advance.  In 

exchange for a lower than average tariff during non - peak hours consumers 

agree to have substantially higher tariffs, between 5 and 15 times higher 

depending on the program, during critical peak hours or days.   The number 

of critical peak periods which the utility is allowed to call is often 

agreed upon in advance in order to lower consumer risk. Otherwise they 

might be unduly inconvenienced during a particularly severe season with 

an above average number of pe ak days.  Residential customers are notified 

the day before that the next day will be a CPP day.  This may be done 

using emails, a warning light, mobile phone message and/or a message on 

their in - house display (IHD).   

 

The programs are effective but there  are some questions as to the 

fairness for low - income consumers who will be especially impacted by the 

programs as well as for those for whom shifting load may be especially 

difficult.  This is why CPP is usually not a mandatory or opt - out tariff 

but volun tary for residential consumers.  In California it is now 

mandatory however for Commercial consumers.   

 

 CPP can be combined with TOU rates, feedback and automation.  Automation 

most often takes the form of an automated thermostat in an AC device or 

heatin g system.  The thermostat turns down or off the device during the 

critical peak hours.  

 

Automation increases program results:  

¶ Average consumption reduction during peak hours for CPP is -

22%
6
.  

¶ Average consumption reduction during peak hours for CPP with 

Aut omation is - 32%.  

 

Critical Peak Rebates  (CPR)  are inversed as Critical Peak Pricing 

tariffs.  The consumers are paid  for the amounts that they reduce 

consumption below their predicted consumption levels, during critical 

peak hours.  These programs tend to be more acceptable to the public and 

to regulators alike as consumers can only benefit from participation.  

 

The peak consumption reductions of CPR have so far not been as high as 

CPP.  Opportunity cost does not make as big an impact or communicate as 

effe ctively with end consumers as a high electricity price.  

 

CPR is a relatively new form of tariff and there have not been a large 

number of programs compared here.  However the average reduction during 

peak hours of programs used is ï 15% and with automatio n was - 31%.  

 

Spot Pricing Programs:  These programs are popular in countries such as 

                                                           
6

 Note that this is not a reduction in overall consumption ð only a reduction during Critical Peak Hours  
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Norway, where customers pay according to the wholesale market price.  

However they do not lead to consumption reductions without feedback.  

Even then customers will someti mes tire of checking a price that only 

changes slightly from day to day.  In order to encourage reductions 

during peak price times, a display that includes a warning of high 

prices, telephone messages or price sensitive automated thermostats 

should be used .  These will encourage reductions in much the same way as 

CPP programs or automated TOU programs.  

 

The average spot price reduction when comb ined with effective feedback is 

15% though a n in sufficient number of pilots were  available to make a 

detailed comp arison of differing spot price programs.  Spot price with 

automation peak reductions was  19%.  

 

Network tariffs:  Dynamic network tariffs are rare for residential 

consumers and the average effects are not covered here.  However, in 

reality, network capacity  issues also incur costs, which the network 

company includes in its fees.   In markets where consumption is low, such 

as in Germany for example ï coordinating the electricity and network 

costs would increase the cost/benefit of the total system and increas e 

tariff options.  In Commercial and Industrial programs in parts of the 

USA, such as New York, network capacity is also priced and this increases 

the value of a MW of shifted load in areas with network capacity 

shortages from $28,000 per MW to $80,000.
7
 

 

Home Automation:  Traditionally, homes have been wired for four systems: 

electrical power, telephones, TV outlets (cable or antenna), and a 

doorbell. With the invention of the electronic micro and auto controller 

and the widespread uptake of digital communi cation technology, the cost 

of electronic control is falling rapidly and its uses are increasing.  

 

Through  remote controllers in appliances ,  which can either communicate 

with each other and/or react to outside information, such as electricity 

pricing sign als for example, the price responsiveness of a household will 

approximately double.  This is called automation.   

 

In most pilots the automation are an AC or electric heating thermostat 

which is set to turn down or turn off during peak periods.  However ,  

automation systems can be more advance d and include lighting, appliances, 

and entertainment equipment.  Residents can be informed when their 

equipment is malfunctioning or be able to turn it on and off remotely.    

 

Automation improves the results of all en ergy efficiency and DR programs 

by bet ween 50% -  450% depending on what is automated and the program in 

question.  However, it also adds to the cost of rollout.  Currently for 

example a Smart Home automation system will cost approximately ú2,000.  A 

smart thermostat is much cheaper at approxim ately ú200- ú300. 

                                                           
7

 Malme, Ross. (2010)  Residential and C&I Customer  Demand Response  Demand Response . Schnei der 

Electric.  
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Figure 5: % of consumption reduction during peak hours 

 

For residential consumers with high consumption levels, these costs will 

be made up through financial savings, especially in cooperation with a 

dynamic pricing prog ram.  However for small homes or apartments these 

prices can be  prohibitive.  

 

In DR programs this provided two sources of value, the first is the 

amount of load shifted, the second is the speed with which this load can 

be shifted.  Both are of importance.   Household automation enables the 

aggregated residential load to participate in the 10 minute market for 

example, increasing its value.  As of now residential consumers 

participate in the day - ahead markets and are alerted by phone or emails 

of upcoming ev ents.  With automation, load can be shifted in minutes or 

seconds, often without the residents noticing this take place
8
.   

 

 

1.4.  Feedback Definition and Programs  

 

 

Feedback programs (FP) are not time based.  Their aim is to lower overall 

consumption and they  are therefore referred to as energy efficiency 

programs.  However, energy efficiency is a broad term, which can include 

adding insulation, double glazed windows, efficient heating systems etc.  

The aim of an energy efficiency action may be to allow someon e to 

maintain the same behavior  but while consuming less energy ï to lower the 

energy cost of an action. For example, a person might still keep their 

house at 22 degrees but use less electricity than their neighbor  while 

doing so, due to their triple glaze d windows.  They have not changed 

their behavior  they have changed their physical environment.   

 

Feedback programs  aim to help consumers change their behavior  through 

providing them with feedback / information about the consequences of 

their actions.  Thi s does often lead toward investments in energy 

                                                           
8

 For more on the importance of various financial market structures see Financial Structures for a Demand 

Response Market  
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efficient household appliances or repairs but because of the difference 

in emphasis and focus the two will not be viewed as directly 

interchangeable in this report.   

 

Feedback programs differ from public educ ation programs in that the 

information given is directly related to that particular consumerôs 

consumption levels and is repeated over time. This in turn enables the 

consumer to track and influence its own actions have on the amounts of 

energy consumed.  

 

A feedback program  will therefore be defined as:  a customer oriented, 

information based program, which provides the consumer with feedback 

information about their consumption levels and patterns ï repeatedly over 

an extended period of time.  The aim of a f eedback program is to enable 

consumers to change their behavior  and lower their energy consumption.    

 

Feedback can be included in a DR program and it improves the results of 

these programs but the two are not interchangeable as one focuses on 

shifting co nsumption to cheaper times and the other on lowering over all 

consumption.   

 

Sarah Darby makes a distinction in her report, written for the British 

Government, ñThe Effectiveness of Feedback on Energy Consumption ò (2006) 

between direct  and indirect feedba ck. This distinction will be maintained 

here, as it is a useful tool for differentiating between what can 

otherwise beco me a confusing array of programs .    

 

Indirect feedback  is aggregated and arrives at the customers house at 

certain pre - decided times.  

 

Informative billing  is an example of indirect feedback.  Most residential 

consumers in Europe now receive estimated bills, which are adjusted for 

the time of year and the customer's average consumption.  They therefore 

do not accurately reflect the actual  usage for a given month.  The 

difference between the estimated average consumption and the actual usage 

is made up at the end of the billing period or when a resident changes 

electricity supplier.   

 

Informative billing will bill for the actual consumptio n and provides 

either historical information comparing what the consumer used this month 

to last month or to last year during the same period.  The bill may also 

provide information on how much the household consumed in comparison to 

other dwellings of the  same description
9
.  The average savings from 

                                                           
9

 The methodology for determining the comparability between dwellings depends on the utility.  Some are 

more detailed th an others, including number of appliances and number of residents, while others compare 

houses in the same area or of the same size.  Comparative data is most helpful for those residents which use 

more than the average.  Telling subjects that they already consume less than their neighbours will not 

encourage further savings.  Utilities could therefore consider using customer segmentation in deciding 

content of bills.  
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informative billing is 4.6%.  

 

Direct feedback  includes communication techniques, which are immediate 

and directly available to the consumer.  This includes in house displays, 

websites, or ambient displays.  Con sumers have continuous direct  access 

to these sources.  They provide such information as: how much energy is 

consumed at any given time, and the current cost or savings made.  It 

will sometimes also allow consumers to set personal consumption goals and 

war n them if they are exceeded.  Some feedback displays systems will 

provide information to the consumer about how much each of their various 

appliances are consuming individually.  This brings the added benefit of 

security and ease.  For example there are sy stems now through which a 

consumer can see if they have left their iron plugged in or their stove 

on, through their mobile phone.  If the program includes automation ï 

they will be able to turn these devices on/off or down remotely.   Direct 

feedback can be  provided in many formats, through a wide range of 

technology and as a re - enforcement tool within demand response pricing 

and automation programs.   

 

Websites:   Websites are sometimes mandated by regulators.  The aim is to 

provide the consumer with informa tion about their electricity 

consumption. California and Finland are just two examples of such 

markets.  Websites are chosen as a means of providing feedback because 

they are relatively cheap.  They rely on Smart Meters to collect the 

necessary consumption  data and therefore the granularity
10

 of data 

provided to consumers depends largely on how often the meters are read or 

how often the information is transferred from the meter to the utility 

(or retailer).  For example, in Norway, the meters will have the 

capability of reading the electricity consumption in a household once 

every 15min but the communication system between the meter and the 

network company only supports hourly readings.  The information is sent 

in a packet from the meter to the network compan y once a day.  This means 

that a consumer will be able to see his consumption in hourly segments 

from the day before on the utility provided website.   

 

Websites require that the consumer enter a code to access the site.  They 

do not remind the consumer of  their presence as they must be accessed to 

be viewed.  Though a well designed site can offer valuable information 

about the householdôs current electricity costs, how much CO2 they are 

producing, how much they have saved or spent since last month and ener gy 

saving tips for the household, the interest level in such sites is 

generally low.  There is a risk that average percentile of those who 

access them tends to only be around 2 - 5% and therefore their impact on 

national consumption levels will be below meas urable levels.  If however, 

a website is part of a larger information package this is not necessarily 

                                                           
10

 Data granularity means how detailed the data provided is. Do they give real time reading s, every 15 

minutes, every hour, and every day?     
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the case.   

 

In the USA, Opower cooperates with utilities such as PG&E to produce a 

website, telephone messages and informative bills for end consumers.  

They combine energy data with social data, such as income levels, 

household size, home ownership etc to produce highly segmented, 

appropriate messages for consumers.  They now have over 2 million 

residential consumers on the program and the average savings  are between 

2% to 3% depending on the region. The average cost per kW saved is only 

$.03; the electricity costs less to save than to generate.   

 

There are also cases in which motivational factors have been used to 

encourage consumers to access the site.  For example, SEAS - NVE in Denmark 

has created a program where every customer who accesses their site and 

enters their meter reading has the chance to win 50,000 DKK or 

approxim ately ú6,700 in a monthly lottery.  This is combined with 

innovative customer segmented information and an innovative marketing 

plan directed at individually identified customer segments (See Customer 

Segmentation below).  The program is highly effective a nd consumers also 

saved large amounts of electricity ï an average of - 17.4% for 30,000 

customers involved.  The program is ongoing.  This indicates that 

websites can be effective as part of a larger program package.   

 

 

In house displays  (IHD) 

are displa ys, which hang 

on the wall or sit on a 

counter and provide 

close to real time 

information about 

household electricity 

consumption.  They also 

provide a variety of 

other data. For example 

the display now being 

provided in the Irish  

ESB pilot allows people  

to: set daily budgets  

for how much they want  

to spend, informs them of their success levels, what the current price of 

electricity is and provides information on how much they have spent so 

far this month. It provides them real - time & historical informa tion on 

their electricity usage & costs. The ñhome screenò for the dynamic 

display unit is the key screen that the customer always sees when the 

device is switched on, while further information can be gained if desired 

through navigating to other screens.  

 

 

              Figure 6: ESB Trial Display Ireland (2009) 
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This could be considered a good basic display unit and the residential 

energy reductions from such units average approximately 11%.   

 

More advanced units include information on how much electricity 

individual appliances are consuming in a household, th ough this requires 

some type of in - house communication network in order to provide the 

necessary information
11

.  These displays can alert the owner if an 

appliance has been left on or is faulty and consuming too much.  They 

also educate the owner as to whic h appliances consume most in a 

household.  Most residential consumers are unaware or ill informed about 

what in fact requires most electricity and many of them actually forget 

to consider entire appliances ï such as the fridge (BeAware ,  2009).  

 

In house d isplays also have the potential to serve a social role.  There 

are products being sold now in France for example, where a family can 

access the consumption levels of an elderly relative.  This acts as a 

warning system both for over consumption ï the stove has been left on, or 

to let the relatives know that the relation is perhaps ill as nothing has 

been consumed that day.  These are only a few examples of the varying 

types of information displays now provided.   

 

Ambient Displays  differ from IHDs in that th ey do not  provide specific 

consumption information but rather signal to the consumer messages about 

their general level of consumption and/or a change in electricity prices.  

Many ambient displays have the attributes of being attractive and 

intuitive, this  adds to their customer acceptance potential.  Two 

examples of these are the Energy Orb sold by PG&E in California and the 

Energy Tree by Interactive Institute in Sweden.   

 

 

 

Figure 7: The Energy Orb PG&E ($149.00) 

 

Originally designed to track stock mar ket prices, the Energy Orb now can 

also be programmed to change from green to yellow to red depending on the 

current electricity price  

 

 

                                                           
11

 There are several forms of such networks but they will not be detailed here as the information is technical 

and irrelevant for the purposes of this study.  
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Figure 8: The Energy Tree Source: Interactive Institute 

 

 

The medium on which information is displa yed can vary and is continually 

developing.  The Energy Tree continues to grow as long as residents stay 

within their pre - set consumption goals.  If they go over their setting, 

the tree begins to die.   

 

Mobile phone and I - Phone application displays are be coming increasingly 

popular as these can warn consumers of problems while they are away or in 

time to react to higher prices in the electricity market, when combined 

with dynamic pricing tariffs.  Using phones also avoids the environmental 

and financial co sts of supplying a display and can be timely ï showing 

only when consumption has gone above the consumerôs set goals etc.   
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2.  PILOT COMPARATIVE ANALYSES 
 

 

 

As part of Respond 2010, 80 pilots, which included a total of 124 

programs have been broken down into a total of 15 elements and analyzed .  

Each pilot did not include all of the 15 elements and sample sizes 

therefore vary.  Due to the importance of successful communication and 

feedback in residential DR both feedback and DR pilots were rev iewed.   

 

Disclaimer : It is important to note that comparing pilots accurately 

contains many inherent complications.  Pilots are not constructed in 

order to be comparable.  They are constructed to fit the needs and budget 

of the utility or research institu te and the methods as well as the 

quality differ substantially.  For example, how energy savings are 

calculated differs, it can be based upon householdsô historical data or a 

control groupôs data. Sample sizes and selection methods differ.  Some 

pilots are  large containing 30,000 customers and are representative of 

the utilities customer base while others are made up of the engineers who 

constructed the program!  (These were rejected)  Further differences will 

be discussed during the analysis, however what this means is that the 

findings below can only be taken as useful indications of which elements 

influence pilot results, not as an absolute recipe containing exact 

percentile numbers.  They are rough indications of what tends to work and 

not work and to th is extent they are useful.    

 

A pilot is only as good as its designers: Residential DR works, and 

usually when a pilot fails to gain results, closer analysis reveals 

structural faults in the pilot. Two extreme examples will be detailed 

here.  A Government research institute in Europe conducted a feedback 

pilot where consumers were provided with real time consumption data in 

graphical form.  However ,  the literature accompanying the displays 

instructed the consumers to consume as usual  ï in other words not  to  

lower consumption.  The average consumption reductions with an IHD are 

12.6%; the results for this pilot were under - 1%. The insight this pilot 

provided was useful for this research, as it clearly indicated the 

importance of the messages and information p rovided to sample groups.   

 

Another even more extreme example was found in our sample.  A government 

research institute decided to run an Automated CPP pilot.  The success 

rate for these is close to 100% ï the most effective form of load 

shifting for resi dential consumers currently in use.  However this 

institute managed to achieve an overall increase  in consumption during 

peak hours. The institute had previously supplied a group of high 

consumption residents with smart meters and it was these they decided  to 

use as their sample.  However the control group had average consumption 

levels.  This meant that the treatment groupôs consumption was 

substantially higher than the control groupôs from the outset.   
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A portion of this treatment group was then given au tomated thermostats 

for their electric heating systems.  However an error was made in the 

timing device.  The heat was turned off prior  to the CPP event and turned 

on  when prices were highest!   

 

The result s?  The customers without the automation achieved 0 reductions 

compared to the control group.  The customers with the automation 

increased consumption during CPP hours, and received higher electricity 

bills as a result.   

 

When a program fails or even when it achieves amazing success, it is 

necessary to analyze  the actual pilot in question to ascertain the 

quality of the research before pronouncing whether the program, feedback 

system, pricing structureé is likely to succeed or fail in a real market 

situation.   

 

This is one motivation for comparing the co llected results of many 

pilots.  In comparing the evidence of many studies covering tens of 

thousands of consumers, the idiosyncrasies of individual pilots is 

mitigated and it is possible to ascertain the overall success rate of 

certain program types.  Thi s is one of the aims of this section.  

 

 

The influencing factors reviewed here are:  

 

1.   Feedback program results  

2.   Climate  

3.   Regional differences  

4.   Duration of pilots  

5.   Season of pilots  

6.   Organizers  

7.   Customer segmentation  

8.   Incentives to join pilots  

9.   Automation  

10.  Education  

11.  Methods of communication for alert  

12.  Content of feedback  

13.  Length of peak hour tariffs  

14.  Tips/education  

15.  Sample size  

 

All of the above factors were analyzed  for each pilot when the factor was 

available.  Some were found to provide conclusive results and others 

showed little influence or the findings were inconclusive.   
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2.1.  Results Pilot Comparison  

 

 

This section provides the results of the pilot comparison overviews. The 

aim has been to compare overall pilot results and also look for more 

detailed facto rs that may contribute to success.  As with other similar 

studies the number of direct comparisons which can be made between pilots 

is limited due to the widely differentiating external factors.   

 

 

Figure 9: % of consumption reductions during peak hours 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 provides the average consumption reductions or load shifting 

during peak priced hours, not overall electricity consumption reductions. 

TOU peak consumption reductions are the lowest but they also occur daily 

which CPP and CPR produce greater reductions but only for critical peak 

days.   Automation improves the results of the pilot by 50 ï 450%.  

Programs with and without automation have been compared.  The above 

pricing programs do not represent all the dynamic pricing programs 

availab le.  However they represent the most popular and the programs for 

which there has been sufficient piloting to make comparisons.   

 

Program success with automation is dependent on the technical ability of 

the companies involved, marketing and the cost/benef it ratio of the 

program -  how valuable is the load, which is to be shifted against the 

cost of automating a household to a particular level.   This varies in 

each market and as the cost of technology decreases, more appliances, 

lighting systems, thermostat sé can be automated with a positive financial 

outcome.  

 

The marketing campaign will be decisive in maximizing  the number of 

consumers who participate and the amounts they are willing to pay  for 

technology.  During piloting, technology is often provided for  free.  

During rollout this may not be cost/effective.  These factors, the 

cost/benefit and the technical/marketing skills of the companies involved 

are beyond the scope of this section.    
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The price of peak electricity is decisive in deciding the financia l 

benefit of automation however a large single source of load, such as a 

central air - conditioning unit or electric heating will also improve the 

financial outcome.  This single source of load means that significant 

savings can be made through one technical  device ï the intelligent 

thermostat.    

 

 

2.2.  Source of automation and results  

 

 

 
                                    Figure 10:  Comparison of peak clipping and automation locations 

 

 

Figure 10 provides a comparison of automation locations and peak 

reductio ns.  Only TOU, CPP and CPR are included, as automation does not 

depend on the motivation to change behavior .   

 

Temperature includes automated AC and electric heating thermostats.  The 

reduction in consumption for pilots using this type of automation can 

r each 45%.  Automating more than one source is more effective than a 

single source especially if the sources use significant amounts of 

electricity.  Automated heating / cooling and hot water deliver higher 

results than Temperature alone.  However automatin g several home 

appliances, such as the dishwasher, washing machine and fridge may only 

result in approximately the same level of savings as automating a single 
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AC unit.   

 

It is also important to notice that the results of pricing and behavioral  

change can  produce similar results to automated results.  For example, 

ñNoneò (no automation) actually produced on average higher savings that 

automated the hot water heaters
12

.   

 

However there are limits to the speed with which consumers can react to 

pricing signal s manually.  Less than half an hour reaction time is 

considered too fast for Commercial consumers to participate manually in a 

DR event.  A day ahead is the fastest that the residential population can 

react manually.  This means that a utility can only ask  residential 

consumers to shift load if they know this will be necessary the day 

before an Event.  This decreases the value of residential DR.  Automation 

enables fast or instantaneous, reaction times as well as controllable 

levels of reduction ï meaning t hat it is available during unplanned 

systems emergencies.  

 

Critical situations also do not always occur when residential consumers 

are home and awake.  They may be away or sleeping and unable to react.  

Automation allows for load reductions when residents  are unavailable to 

make adjustments manually.   

 

 

2.3.  Pricing programs and  overall consumption reductions  

 

 

Critical peak clipping programs and TOU also produce overall energy 

consumption reductions as well as savings during peak hours.  This energy 

efficienc y is a bi - product of the focus of these programs.  

 

All pricing programs, even those such as CPP which are called only a few 

days a year, generate overall energy savings.  The savings during peak 

hours for such programs are too small to be measured, howeve r the 

automation installed and the increased awareness of consumers produces 

the savings seen in Figure 11.  

 

                                                           
12

 This even though the graph combines the resul ts of TOU and CP programs which lowers the results of 

behavioural averages  
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Figure 11: Overall aggregated consumption reductions in DR and feedback pilots 

 

 

Feedback and education pilots have also been included.  The aim  of these 

programs is to reduce overall consumption and they are included here only 

to provide a comparison to the saving made by pricing programs.  Overall, 

pricing programs produce less than half the savings of a feedback 

program.   

 

The CPR +TOU pilots and the CPR + Spot Price pilots are included to 

provide examples of the influence of home automation.  If an appliance 

such as heating, cooling and water heaters are automated to react to TOU 

and/or relatively low Spot Prices, the automation will likely be  

activated daily .  When this is done, large overall consumption reductions 

may be produced, as well as a lowering of consumption during peak hours.  

Home automation can produce savings of between 20 and 50% depending on 

the efficiency of the original syste m and the level of automation 

introduced.   
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2.4  Method of Event alert and Critical Peak Reductions  

 

 

 

Figure 12: Method of communicating Critical Peak Event alerts to consumers 

 

Unless DR programs are automated (and often even if they are) consume rs 

need to be alerted of critical peak events so that they can lower their 

energy consumption manually, by turning down their thermostats or taking 

some other action.  Utilities will therefore need to alert participants 

of an event the day before it takes place.  Usually the utility will do 

this in a variety of ways, beginning with the most cost effective such as 

an email, then text messages and moving toward a phone call.   

 

The comparative results of methods for alerting customer show that they 

are relati vely equal.  However, in this sample IHD are used in 

conjunction with automated pilots only.  They do not provide a dependable 

means of communicating an event where customer reduces manually as 

residents may neglect to look at the display that day.    

 

Reducing the number of stages in successful communication  

 

Signal colors  have been used alone, without 

automation to good effect to alert of a peak 

event. It seems that the ambient light signal 

is as noticeable as a telephone call combined 

with email and SM S -  or more so.  This raises 

one of the challenges of communicating with 

 Figure 13: The Energy Orb PG&E  
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residential consumers.  All members of a household use energy.   It is 

multi - member households who consume most energy.  Single member 

households are generally low consumers and will n ot shift large amounts 

of load.  Therefore it is particularly important that pricing program 

alerts are designed to communicate with multi member households.   

 

A call coupled to a SMS and an Email will succeed in alerting one  member 

of a household.  Unles s this member communicates the information 

successfully, the alert will fail.  Therefore, for a call, email and SMS 

alert to succeed two stages  of communication must take place within a 

home: first the receiver must get the message, and then  he or she must  

pass it on.  Yet, it is perfectly possible that the father will not even 

see his son that day; the son will come home and wonder why the house is 

so hot, turn up the air - conditioning and the household will fail to 

respond to the CPP Event.   

 

Ambient sign als make communication a one step process  and mean that the 

utility is not dependent on the household member's ability to communicate 

with each other. This may also be true because while a call will be made 

the day before to one member of the family, a red  light on a display in 

the kitchen will be seen by the entire family the day before the event 

and on the event day itself.  As anyone trying to arrange a family 

activity will know, the chances of message being forgotten between one 

day and the next by some one is high.  Therefore the day of reminder for 

all household members is valuable.   

 

In other words, though all of the above forms of alert can be 

implemented, ambient (bright) visual signals are effective because they 

make a two step communication proces s a one step communication process 

and they offer a day of reminder, providing a continuous reminder that 

prices are high.  The Energy Orb is one example of an attractive and 

effective ambient display, which is currently on sale and in use.   

 

 

2.5  Load Shifte d in Comparison with Price Multiples  

 

 

Residential Consumer Price Elasticity (what percentage consumers reduce 

consumption in reaction to price increases) has been an important subject 

of research for those designing time based pricing programs.  Consumers  

do decrease consumption as prices rise but the level to which they do so 

depends on a variety of factors.  This means that although this is an 

important motivator of DR it cannot be used to the exclusion of other 

factors.   Though overall consumption redu ctions increase as a price 

increases they do not do so consistently between programs.   

 

Customerôs reaction to Dynamic prices cannot be calculated in terms of 

absolute price.  They need to be calculated in terms of multiples of the 

base price.  This is du e to the fact that customers do not react only to 
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the actual cost of electricity they react to the change  in cost of 

electricity.  This is why a sudden increase in electricity costs will 

cause an increase in customer switching in a national market.   For 

example, in 2006 in Norway drought and power - plant failures caused prices 

to rise steeply.  In the first quarter of 2007 more than 70,000 

households and 8,000 businesses found a new supplier. However,  in the 

following 3 quarters  les s than 50,000 household s witched . The reaction to 

the sudden price increase was over. Therefore price elasticity or 

reaction to price is calculated here in multiples of the base price.   

 

 
 

Figure 14: Percentage of load shifted as compared to peak hour prices in multiples of base price 

 

 

Figure 14 depicts customer price elasticity in multiples of base price. 

Reductions gradually rise in reaction but not evenly.  When these 

aggregated results were broken down to show results of single pilots, the 

reaction to price appeared random a s some pilots with higher prices 

attained lower peak clipping results.   

 

During the California State Pilot price elasticity was found to be 

dependent on three variables: dynamic price, weather and a single large 

source of consumption (in this case central  air - conditioning).  Weather 

influences elasticity.  Regions with more extreme temperature variations 

tend to produce larger reductions in peak consumptions.  Therefore a 

region with higher or lower temperatures will react more strongly to 

price than those  with milder temperatures.  A large central source of 
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load ï such as a central AC unit, provides a single action through which 

consumers can make substantial cuts in their consumption.  Consumers 

groups with higher electric heating of AC penetration will t herefore also 

shed more load than those without.   

 

The Brattle Group therefore took all four of the above into their 

calculations when forecasting the levels of DR for the California 

utilities.   

 

 

 

Figure 15: PRISM Calculation model for forecasting DR results. Source Brattle Group
13

 

 

The PRISM calculation model of customer price elasticity in Figure 14 

produced an accurate tool for forecasting the price elasticity of 

participants in the California State Pilot.  However the limits of these 

types of models for forecasting regional dynamic pricing results need to 

be acknowledged.  The members of a pilot sample group go through a 

marketing, recruitment and education process to be part of the pilot.  

This heightens their awareness of the pricing tariffs in a ma nner, which 

has proved difficult to reproduce in California now, during rollout.   

 

Regional programs need to be given time to get established.  However, it 

is important to keep in mind that what will serve well as a mathematical 

forecasting model when a s elected group of screened consumers is 

involved, may need to be adjusted when the consumer group is potentially 

the entire population.  Here the level to which the marketing and 

educational campaigns have succeeded in engaging that population will be 

centr al.   

 

 

 

 

 

 

                                                           
13

 Faruqui, Ahmad, Ryan Hledikand, John Tsoukalis. (2009)  The Power of Dynamic Pricing.   The Electricity 

Journal. Vol 22. April 2009.  
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2.6  Feedback Pilot Results  

 

 

The role of feedback for residential consumers differs between the USA, 

Australia and Europe and it is therefore important to be precise about 

what exactly is meant.  For example, ñfeedbackò in the USA is often 

coupled with pricing programs and seen as a tool which can raise 

awareness of peak consumption periods, helping commercial or residential 

consumers to shift their consumption.  In Europe, feedback has a high 

profile independent position within the industry. It is primarily used to 

raise awareness of overall consumption patterns within a home or business 

and encourage consumption reductions; it also has strong political 

connotations as providing consumption information is mandated by the 

European Commission. ñFeedbackò therefore has very different connotations 

depending on the market, and the actual displays will often provide 

different types of information.   

 

The programs compared below are pure feedback programs in that no pricing 

or automation tools were used.  T he consumption reduction % shown is 

total consumption reductions.  The three types of pilots compared here 

are those where enough representative pilots to make comparison were 

available.  Ambient displays and website are not included here though 

they are i ncluded as feedback mechanism for pricing pilots.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Feedback Pilot Results 
 

 

Each of these types of feedback performs their own function and can 

complement each other or improve the results of DR programs.   

 

 

Informative Billin g can produce results of between - 1% and - 7%.  Its 

advantages are that it is cheap and does not require customer recruitment 

to gain participants.   

% of consumption 

reductions 


