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Executive Summary 

 

The European Union has set ambitious objectives for the year 2020 to lower energy consumption by 20%, 

lower CO2 emissions by 20% and ensure that 20% of energy is generated using renewable resources.  At the 

same time, it is actively engaged in creating road maps and investment plans for developing smart grids 

throughout Europe.  A core element of the smart grid is the active participation of the demand side and 

only through the involvement and cooperation of the demand side can the 2020 objectives be met.  Within 

Europe and indeed globally, smart metering is viewed as a key building block in the smart grid and the most 

cost/effective method for increasing end-consumer involvement and engagement. 

 

The aim of the research whose results are presented in this report has been to discover the potential and 

limitations of a range of feedback and dynamic pricing programs enabled through smart metering 

ǘŜŎƘƴƻƭƻƎƛŜǎΦ  ±ŀŀǎŀ9¢¢Ωǎ ŦƛƴŘƛƴƎǎ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎ ōŀǎŜŘ ƻƴ ŀ ƭŀǊƎŜ Ǉƻƻƭ ƻŦ Ǉƛƭƻǘǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ƎŀǳƎŜ 

repeated results and surrounding requirements for success.  The research involved collecting and 

comparing about 100 pilots.  Typically, organisers divide participants in a pilot into sub-groups in order to 

test different solutions, for instance different feedback types, different dynamic pricing schemes, a group 

with home automation and one without, etc.  Hence, the pilots were broken down into 460 samples.  The 

samples were then analysed according to 22 different variables selected to gauge internal structural pilot 

variables influencing success as well as outside market factors which might also impact a pilot outcome.  In 

total, over 450,000 residential consumers were involved in the reviewed pilots.  Feedback pilots are 

designed to help participants reduce their overall energy consumption, lowering distribution and supply 

costs.  In comparison with the other feedback channels, IHD resulted in the highest energy savings.  The 

remaining channels for feedback, webpage, and informative bills produced almost equal consumption 

reduction levels.  Quite possibly, the key advantage the IHD offers over the remaining channels for 

feedback is the almost real-time and visible aspects of the delivery of feedback.  TOU peak reductions are 

the lowest, but they occur daily, while CPP and CPR produce the highest reductions but only for critical 

peak periods.  The main findings demonstrate that consumers do react to feedback and dynamic pricing 

mechanisms positively, pilot results maintain over 2-3 years and they can also be effective in consumer 

groups of over 1,000 households.  In addition, post pilot surveys show that on average 75 ς 90% of 

participants were satisfied with the pilot with in which they took part.  That said, results vary widely within 

a given program type; an IHD pilot can attain 3% or 19% reductions.  Therefore the research findings also 

confirmed the assumption that surrounding variables have a substantial impact on program success levels 

over and above the supportive technology used or program structure. 

 

The findings of Empower Demand demonstrate that technology provides an important but enabling 

function in creating a successful demand side program.  It is one of five factors which decide success.  These 

factors are socioeconomic factors, participant consumption patterns, program content/structure, 

supportive technology and household load sources.  In this, socioeconomic factors and consumption 

patterns can overcome supportive technology and program type.  For example, a good informative billing 

pilot can lead to higher savings than an IHD pilot depending on surrounding circumstances despite the fact 

that on average an IHD is 50% more effective than an informative bill at reducing overall electricity 

consumption.  It is therefore important to perform a comprehensive analysis of markets when creating 

demand side programs; matching the program structure with the market realities. 
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During piloting, there can be a technological focus or a preconceived opinion that the technology is what 

decides program success.  Our findings challenge this focus.  The central difference we found between 

pilot success and failure is the ability of the program designers to meet consumer needs through the 

demand side program.  Meeting a need is the foundation of consumer engagement and thereby of a 

program success.  The technology is the enabler within this value chain.  Therefore, unless a technology is 

equipped to act as a support to consumer engagement, it will not create savings or improve systems 

efficiency.  Smart meters fulfil their potential due to the fact that they can support consumer engagement 

to a market-appropriate level through feedback and dynamic pricing and/or home automation.  It is very 

well expressed by Chris Johns, President of PG&E shortly after the company undertook the SmartRate 

tǊƛŎƛƴƎ tǊƻƎǊŀƳ Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ƛƴ нлмлΥ άWe thought we were undertaking an infrastructure project but it 

turned out to be a customer projectέ1. 

 

Program success is directly dependent on consumer involvement and the Empower Demand findings 

indicate that "more is more" at every stage of the piloting and roll out process.  For example, within 

marketing, programs using consumer segmentation to create directed marketing messages for a particular 

consumer group increase consumer uptake and results.  In program structure, feedback and pricing 

together tend to achieve better long-term overall results than either program type alone.  Education 

improves dynamic pricing and informative billing programs.  Multiple types of information on a display or a 

bill (current consumption, price, historical consumption, etc.) tend to achieve higher results than a display 

or a bill with only one message.  Program layering is little explored but there are signs that hidden potential 

lies in starting with a relatively simple program and gradually creating offerings of increasing complexity 

and value.  Hence, we are far from having perfected program structures or perfectly matching program 

structures to regional market realities.  This should be seen as encouraging as even though program 

development is not mature, results are already positive.  This also puts into question the current tendency 

to emphasise technological development over and above all other factors in European pilot schemes while 

comparatively little funding is provided to studying the best messages to deliver to consumers, their cycles 

of learning through program layering or the impact of surrounding socioeconomic and cultural factors. 

 

Empower Demand has reviewed 100 pilots.  The selected pilots alone included 450,000 consumers but the 

resulting rollout from these pilots now includes over 4 million consumers.  Smart meter enabled programs 

are consistently effective when developed in accordance with the needs of end-consumers and enabled 

through constructive regulation.  Research questions set limits around what it is possible to learn from a 

pilot; organizers will only get answers to the questions they ask.  This is as much a limitation as it is a 

resource.  It is essential to move forward in pilot development through innovative questions, taking into 

consideration the results of past pilots and comparative studies such as this one.  Pilot organisers can now 

focus their research on better understanding who is in the market and what can be done to maximise their 

ǇŀǊǘƛŎƛǇŀǘƛƻƴ ǿƛǘƘƛƴ ǘƘŀǘ ƳŀǊƪŜǘΩǎ ǊŜŀƭƛǘȅΦ  [ƻƴƎ-term program success will require a comprehensive 

combination of marketing, technological support, directed communication and a constructive regulatory 

framework. 

  

                                                             
1 Proceeds of Trials & Tribulations of Smart Grid Deployment, A Case Study That Hits Home, BECC Conference, 2010. 
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1. Background to the study 
 

 

The European Union has set ambitious objectives for the year 2020 to lower energy consumption by 20%, 

lower CO2 emissions by 20% and ensure 20% of energy is generated using renewable resources.  At the 

same time it is actively engaged in creating road maps and investment plans for developing smart grids 

throughout Europe.  The core of the smart grid is the active participation of the demand side and only 

through the involvement and cooperation of the demand side can the 2020 objectives be met.  Within 

Europe2 and indeed globally, smart metering is viewed as a key building block in the smart grid and the 

most cost/effective method for increasing end-consumer involvement and engagement. 

 

Smart metering helps to enable consumption feedback and dynamic pricing programs directed at end-

consumers.  Yet there is confusion and disagreement within the energy industry on exactly what can be 

achieved through various smart meter enabled programs, how long they remain effective, if the pilots show 

reliable results, if the programs can be cost effective, what type of feedback should be provided and in 

what format etc.   

 

The questions are creating an aura of uncertainty surrounding the potential of smart metering to further 

the aims of the EU and its governments.  It also raises questions as to whether smart meters are worth 

their cost and whether they can bring lasting benefits to consumers.  It lowers the willingness of regulators 

to mandate smart metering deployment and for utilities to invest.  The questions persist despite the fact 

that well over 150 successful pilots involving smart meters have now been carried out globally.  The 

challenge lies in the fact that utilities and regulators do not have easy access to comparative data 

demonstrating the results of a large number of pilots.  They only see the results of one pilot at a time and 

as any individual pilot leave many questions unanswered, overall trust in the technology remains an issue. 

 

Therefore, ESMIG thought it necessary to fund an independent research study which collected and 

compared a large enough number of pilots to demonstrate repeated and consistent results and give 

answers to a wider variety of concerns.  VaasaETT was selected by ESMIG to conduct such a large 

ŎƻƳǇŀǊŀǘƛǾŜ ǎǘǳŘȅ ŘŜǎƛƎƴŜŘ ǘƻ ŀŘŘ ǿŜƛƎƘǘ ǘƻ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀƴȅ ǎƛƴƎƭŜ ǇƛƭƻǘΦ  ¢ƘŜ ά9ƳǇƻǿŜǊ 5ŜƳŀƴŘέ ǎǘǳŘȅ 

allows, for instance, utilities to know if their results are below or above average because they know the 

average results of some 30-40 similar pilots done globally.  It will also help them create better pilots as it 

allows them to review the success factors in a wide range of other studies.  From the point of view of 

regulators and policy makers, such a wide-ranging pilot comparison can be a useful tool, as it allows to 

identify proper support for smart metering in Europe and to stimulate demand driven programmes.  

Empower Demand was designed to be an in-depth research project comparing 100 pilots according to 22 

                                                             
2 ¢ƘŜ 9¦Ωǎ ά¢ƘƛǊŘ 9ƴŜǊƎȅ tŀŎƪŀƎŜέ ŎŀƳŜ ƛƴǘƻ ŦƻǊŎŜ ƻƴ ф {ŜǇǘŜƳōŜǊ нллф ŀƴŘ Ŏƻƴǎƛǎǘǎ ƻŦ ǘǿƻ 5ƛǊŜŎǘƛǾŜǎ ŀƴŘ ǘƘǊŜŜ ǊŜƎǳƭŀǘƛƻƴǎ ǿƘƛŎh 

are intended to complete the liberalisation and integration of the EU energy market, as well as strengthen consumer rights and 

pǊƻǘŜŎǘƛƻƴΦ ¢ƘŜ ǇŀŎƪŀƎŜ ƛƴŎƭǳŘŜǎ 9ƭŜŎǘǊƛŎƛǘȅ ŀƴŘ Dŀǎ 5ƛǊŜŎǘƛǾŜǎ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ǘƘŜ 9¦ aŜƳōŜǊ {ǘŀǘŜǎ ǘƻ ΨŜƴǎǳǊŜ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛon 

ƻŦ ƛƴǘŜƭƭƛƎŜƴǘ ƳŜǘŜǊƛƴƎ ǎȅǎǘŜƳǎΦΩ ¢ƘŜ 9ƭŜŎǘǊƛŎƛǘȅ 5ƛǊŜŎǘƛǾŜ ŦƻǊŜǎŜŜǎ Ŧǳƭƭ ŘŜǇƭƻȅƳŜƴǘ ōȅ нлнн ŀǘ ǘƘŜ ƭŀǘŜǎǘΣ ǿƛǘƘ ул҈ ƻŦ Ŏƻƴǎǳmers 

equipped with Smart Metering systems by 2020. 
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variables.  The pilots were broken down into 460 samples and over 450,000 residential customers were 

involved. 

 

Vaasŀ9¢¢Ωǎ ŦƛƴŘƛƴƎǎ ŀƴŘ ŎƻƴŎƭǳǎƛƻƴǎ ŀǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ƎŀƎŜ ŀƴȅ repeated results 

and also surrounding requirements for success.  The aim of the research has been to discover the potential 

and limitations of a range of feedback and dynamic pricing programs enabled through smart metering 

technologies using a large comparative sample.  ESMIG solely provided the financial means to conduct the 

present study and in future will fund further follow-up research into other related aspects which could not 

be covered extensively in this study. 

 

The Empower Demand study and its findƛƴƎǎ Řƻ ǊŜǇǊŜǎŜƴǘ ±ŀŀǎŀ9¢¢Ωǎ ƻǿƴ ƛƴŘŜǇŜƴŘŜƴǘ ŀƴŀƭȅǎƛǎ ŀƴŘ 

opinion.  The underlying methodology and sample base was developed by VaasaETT.  
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2. Sources and provenance of the base information 
 

 

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 institute and the methods as well as the quality differ substantially.  For example, how energy 

ǎŀǾƛƴƎǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŘƛŦŦŜǊǎΣ ƛǘ Ŏŀƴ ōŜ ōŀǎŜŘ ǳǇƻƴ ƘƻǳǎŜƘƻƭŘǎΩ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ƻǊ upon ŀ ŎƻƴǘǊƻƭ ƎǊƻǳǇΩǎ 

data.  Sample sizes and selection methods also differ.  Some pilots are large containing 30,000 customers 

and are representative of the utilities customer base while others focus on one customer group for instance 

customers with electric heating.  Further differences will be discussed during the analysis this means that 

the findings below can only be taken as useful indications of which elements influence pilot results, not as 

an absolute recipe containing exact percentage numbers.  They are meant to be seen as indications of what 

tends to work and not work and to this extent they are useful. 

 

Data from 100 pilots was used for the purpose of this research.  These pilots were selected from a larger 

pool which included pilots whose design or reporting of results were not sufficiently detailed or comparable 

with the others to be included.  Final reports, presentations and academic papers analyzing the selected 

pilots were collected from numerous sources.  Papers published in academic journals were collected from 

academic databases.  Public pilots' reports were collected directly from the organizer (often local regulators 

or public utilities).  In addition, VaasaETT drew on its extensive network of practitioners around the world 

to collect pilots whose results were not made public usually from technology providers or investor-owned 

Utilities. 

 

2.1  Research categories and phases 
 

The research involved collecting and comparing 100 pilots.  Typically, pilot organisers divide participants to 

a pilot into sub groups in order to tests different solutions; for instance different feedback types, different 

dynamic pricing schemes, a group with home automation and one without.  Hence, the pilots had to be 

broken down into 460 samples.  Each sample was therefore created and analysed as its own study.  The 

samples were then analysed according to 22 different variables selected to gage internal and structural 

pilot variable influencing success as well as outside market factors which might also impact a pilot outcome.  

In total, over 450,000 residential consumers were involved in the reviewed pilots. 

 

 

Pilot structure variables: 

 

1. Duration of pilots 

2. Incentives to join pilots 

3. Automation location 

4. Education during pilot  

5. Methods of communication for pricing alerts 

6. Frequency of feedback 
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7. Format of feedback 

8. Content of feedback  

9. Pricing and feedback combined 

10. Type of feedback  

11. Questionnaires and Interviews 

12. Length of peak hours 

13. Multiple of peak price /  base price 

14. Number of participants 

15. Pilot uptake rates  

 

 

Market structure variables:  

 

1. Climate/season of pilot 

2. Regional differences between pilot results 

3. Average national yearly Consumption Levels 

4. Market competition levels 

5. Capacity issues within market 

6. Meter ownership  

7. Data ownership 

 

 

A four phase method was used to analyse the data and produce the results.  The initial two phases, 

gathering the information and defining the categories, formed the framework of our research and enabled 

us to differentiate pilots and research articles, whereas phase 3-4 was geared towards our analysis and 

findings. 
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Phase 1-  

Gathering the 
information 

ω/ƭŀǊƛŦȅƛƴƎ ŘŜŦƛƴƛǘƛƻƴ ŀƴŘ ƧǳǊƛǎŘƛŎǘƛƻƴ ƻŦ άCŜŜŘōŀŎƪ Ǉƛƭƻǘǎέ ŀƴŘ άtǊƛŎƛƴƎ Ǉƛƭƻǘǎέ 

ω22 categories for research  were highlighted and defined 

ωGathering information; compiled pilots, articles, concerning feedback + pricing 

Phase 2- 

Defining the categories 
of information 

ωRelevant pilots were structured and labeled according to pilot type (feedback/pricing), 
participant type (commercial/residential) and region (USA, Europe, Rest of the World).  
Relevant information from 100 pilots  was  allocated to the respective category, and 
compiled  for each specific pilot (using SPSS software) 

Phase 3- 

 Presenting the findings 

ωFindings were: 

ωfirstly separated into two main sections (Pricing and Feedback) 

ωadditional sub-sections provided specific findings for each of the two main sections 

ωpresented in the form of graphs and charts (using SPSS) 

Phase 4-  

Analysing the results 

ωFindings were organized according to pilot type and analysis was performed to discover 
repeated patterns of customer behaviour to particular variables across pilot types.   

ωVariables which seemed to suggest a repeated, consistent response from consumers across 
pilot type were judged to be particularly important.  Variables which produced contradictory 
results across pilot type were analysed further or judged to be inconclusive.   

ωOrganization, writing and internal review of Empower Demand Report.  
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2.2 Data and methodology 
 

Impacts on pilot participants were assessed from three perspectives:  

Å  Energy conservation: the extent to which the experiment led to a reduction in overall energy 

consumption (in %) 

Å  Peak clipping: the extent to which the experiment led to a reduction in energy consumption during 

peak periods (in %) 

Å  Bill reduction: the extent to which the experiment led to a reduction in customer energy bills (in 

%). 

 

Please note that pilot organizers rarely report the impacts of the experiments on all three perspectives.  

They usually report on what is of interest given the ultimate purpose of their experiment.  For instance, 

critical peak pricing pilot organizers usually report on peak clipping whereas organizers of feedback pilots 

typically report on energy conservation. 

 

Pilots organisers usually form sub-groups within their pool of participants and try different solutions with 

different groups.  A typical case would be to measure the response of participants when given an IHD and 

when given detailed informative bills.  We call "samples" these sub-groups within a pilot.  Impacts of trials 

on individual samples were not calculated by VaasaETT.  Instead they were calculated and reported by the 

pilot organizers in their final reports, academic papers and presentations.  VaasaETT collected and took into 

account statistically significant results at a 90% confidence level and above.  This review simply averaged 

the individual impacts in order to understand what the key determinants of successful pilots are.  The 

average impacts are calculated by averaging the individual impacts on each sample with each sample 

equally weighted.  The average impact on a group of samples is therefore given by: 

ίȟ  
ρ

Ὅ
  ίȟ 

With: 

I = Number of samples 

si,t = Savings on sample i at time t 

 

Please note that the numbers of samples the results relate to is of outmost importance in this report to 

assess the significance of the findings. For each graph and category, the sample size is expressed as 

άbҐƴǳƳōŜǊ ƻŦ ǘǊƛŀƭǎέ  
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3. Program Definitions 
 

 

3.1 Feedback Pilots 
 

Background information 
 

The role of feedback is to make energy visible and to make the consumption of energy visible, thus 

sharpening the knowledge of residential consumers about how, and how much, energy circulates in the 

household.  Research indicates that households are scarcely knowledgeable on what energy efficiency 

entails and how much energy they consume (and certainly not appliance specific consumption), how much 

they actually pay for their energy, why and how they should save energy or when they should make energy 

efficiency investments (Thorne et al. 2006).  Feedback therefore provides an opportunity to offer 

ŎƻƴǎǳƳŜǊǎ ŀ ƳƻǊŜ ŘƛǊŜŎǘΣ ŘŜǘŀƛƭŜŘΣ ŎƻƳǇŀǊŀōƭŜ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜƛǊ ƘƻǳǎŜƘƻƭŘΩǎ 

energy consumption pattern. 

Feedback on energy consumption can influence the energy behaviour of residential consumers and lead to 

a conserving behavioural effect (Darby 2006).  However, in order to make feedback more than only a visual 

reporting on the energy consumption, information given on display is just as vital as the device/display that 

the consumers receive their feedback from.  In this report each individual feedback pilot sample was 

categorized into one of the following program types: informative billing, in-house displays (IHD), web 

pages, ambient displays, and a mixture of the program types.  The type of feedback on display was also 

categorized into eight feedback type: peer comparison, historical comparison, up-to-date comparison, cost 

of energy (bill), environment (CO2 emission), savings compared to previous periods, and appliance specific 

consumption. 

The above mentioned feedback formats enable us to research the feedback programs that resulted in the 

highest levels of consumption reduction, as well as the specific content of feedback information that led to 

the highest levels of consumption reduction.  The assumption is that any reduction in overall consumption 

by the participants would be largely because of the format of feedback and the content of feedback 

information that the participants received. 

 

Samples and data 
 

A total of 74 feedback trials were analysed during this research.  The total sample comprised of 290,000 

residential households and were taken from five regions; Australia (3 samples), Canada (12 samples), 

Europe (35 samples), Japan (3 samples) and USA (21 samples).  The majority of the pilots from Europe were 

conducted in Great Britain.  Over 60% of the pilots took place within the last ten years and almost half after 

2005. 
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Feedback program types 
 

In-house displays (IHD) are displays 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 provided in the "Electricity Smart Metering Customer Behaviour Trials" (see figure 1) 

allows people to set daily budgets for 

how much they want to spend, informs 

them of their success, what the current 

price of electricity is and provides 

information on how much they have 

spent so far this month3. 

IHDs provide households with real-time 

and historical information on their 

electricity usage and costs.  Additional 

feedback content that are sometimes 

offered on the IHD are peer 

comparisons (showing the consumption 

rate of neighbours or consumers with 

similar conditions), and appliance 

specific consumption (breaking down the energy usage of individual appliances in the home).  The home 

ǎŎǊŜŜƴ  ŦƻǊ ǘƘŜ Řynamic 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. 

 

Ambient displays differ from IHDs in that they do not provide specific 

consumption information but rather signal to the customer 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 which adds to their customer acceptance 

potential.  An example of this is the Energy Orb sold by PG&E in the 

USA (see figure 2).  Originally designed to track stock market prices, 

the Energy Orb can also be programmed to change from green to 

yellow to red depending on the current electricity price. 

 

Websites offer an alternative way to provide the consumer with 

information about their electricity consumption.  California and Finland4 are just two examples of such 

markets where websites are used for energy consumption feedback.  Websites are chosen as a means of 

                                                             
3 The Commission for Energy Regulation, Electricity Smart Metering Customer Behaviour Trials (CBT) Findings Report, May 2011. 
4 Fortum Finland, for instance, allows residential customers to track their consumption and visualise their historical usage from a 
dedicated website. 

Figure 1: Display, Electricity Smart Metering Customer Behaviour Trials, Ireland 
(2011) 

Figure 2 : The Energy Orb, PG&E 
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providing feedback because they are relatively cheap.  They rely on smart meters to collect the necessary 

consumption data and therefore the granularity5 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 every 15 minutes 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 

company once a day (Stromback, Dromacque, Golubkina: 2010). 

 

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 household'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 

invoice for the actual 

consumption and provides either 

historical information comparing 

what the customer 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.  Unlike standard 

billing in which households 

receive their bill 4-6 times per 

year, informative bills can be sent 

as frequently as once per month. 

 

Feedback information types 
 

Information about consumption presented in the different feedback programmes typically included one or 

several of the following content types: 

1. Peer comparison: Consist of comparison of household energy consumption levels between 

participants and similar-sized households.  This information may include neighbours within near 

vicinities or households of similar size. It enables participants to see if they use more or less 

electricity than their peers. 

 

                                                             
5 Data granularity means how detailed the data provided is. Do they give real time readings, every 15 minutes, every hour, and 
every day? 

Figure 3: Example of informative billing. SMUD Power Choice label pilot, USA (2010) 
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2. Price of electricity: Indicate the current price of electricity per kWh.  This does not include the up-

to-date electricity bill. 

 

3. Historical comparison: Shows the household's current electricity consumption levels in comparison 

to pre-pilot consumption levels.  Participants can know if they reduced or increased their 

consumption compared to the same period last year for instance. 

 

4. Disaggregation of consumption: The household's electricity consumption is broken down as per 

household electrical appliances.  The depth and degree of the breakdown can vary but in most 

cases the consumption of the oven, the fridge, the TV, and the lighting are measured.  It enables 

participants to see how much electricity individual appliances use and act upon it (and maybe buy 

more energy efficient ones). 

 

5. Up-to-date consumption level: Presents the current up-to-date consumption level of the 

household in kWh.  In itself, it does not include the cost of electricity or the current level of the bill.  

However, if coupled with consumption goals or targets not to exceed, it can be a powerful 

incentive to reduce consumption. 

 

6. Up-to-date Cost (bill): Presents the up-to-date bill which enables households to gauge their current 

costs for their electricity and act upon it. 

 

7. Savings compared to previous periods: Compares the energy savings of households to previous 

periods.  Households would have a certain target for their energy consumptions which would be a 

percentage savings on previous energy consumptions. 

 

8. Environment (CO2 emissions): This shows the amount of CO2 the households emits due to 

electricity consumption.  This presents the environmental costs or consequences of the 

ƘƻǳǎŜƘƻƭŘǎΩ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ 

 

Overall results 
 

Feedback pilots are designed to help consumers reduce their overall energy consumption, lowering 

distribution and supply costs.  In comparison with the other feedback channels, IHD resulted in the highest 

energy savings67.  The remaining channels for feedback; webpage, and informative billing; produced almost 

equal consumption reduction levels (in some cases they were used together in combination).  Quite 

possibly, the key advantage the IHD offers over the remaining forms of feedback is the almost real-time 

                                                             
6 40% of all the samples in our research focused on IHD programs 
7 The numbers of samples the results relate to is of outmost importance in this report to assess the significance of the findings. For 
ŜŀŎƘ ƎǊŀǇƘ ŀƴŘ ŎŀǘŜƎƻǊȅΣ ǘƘŜ ǎŀƳǇƭŜ ǎƛȊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ άbҐƴǳƳōŜǊ ƻŦ ǘǊƛŀƭǎέ 
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aspect which enables participants to link their actions to their energy usage practically in real-time.  These 

are average pilot results.  Success factors, such as the impact of average household consumption, location, 

feedback content, etc. within a particular market are not reflected in the graph.  In order to be able to 

estimate the possible consumption reduction for a particular program, in a particular market, a larger 

number of variables must be taken into account. 

 

Figure 4 : Overall consumption reduction as per feedback pilot type 

 

 

3.2 Pricing Pilots 
 

Background information 
 

Pricing pilots are designed to encourage customers shift consumption away from peak consumption 

periods to lower consumption periods, lowering distribution and supply costs.  This is achieved through 

dynamic pricing mechanisms which better reflect the cost of supplying electricity.  The prices are raised at 

peak times and lowered (compared to single or flat tariffs) the rest of the time.  There are several methods 

and degrees of dynamic pricing.  The most commonly piloted pricing schemes are Time-Of-Use (TOU), 

Critical Peak Pricing (CPP) and to a lesser extend Critical Peak Rebate (CPR) and Real-Time Pricing (RTP).  

With regards to sample size considerations, pilots testing the impacts of other pricing structures such as 

pre-payment and increasing tariff blocks could not be included in our review. 
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Samples and data 
 

As part of this research, we analysed 340 sample groups taken from pilots organised in the USA (186 

samples), Canada (108 samples), different parts of Europe (30 samples), Australia (14 samples) and Japan (2 

samples).  The results are based on 250 TOU trials, 98 CPP trials, 27 CPR trials and 25 RTP trials (the total is 

greater than the number of samples because dynamic pricing schemes can be combined, for instance TOU 

and CPP).  Over 60% of the samples were part of pilot organised after 2000 and 45% after 2005.  Over 

158,000 participants took part in the pricing pilots in total  

 

Dynamic pricing program types 
 

Time-of-Use (TOU): TOU tariffs induce people into using electricity during times when consumption is 

lower.  Prices are therefore set higher during high consumption periods, typically during working hours, and 

lower during the rest of the day. 

¶ TOU usually includes one long peak daily period or two shorter daily peak periods. 

¶ TOU can have two level of prices (peak and off- peak prices) or three (peak, partial peak and off-
peak prices) per day.  The peak hours are known in advance by the customers.  The prices may also 
vary according to the season. 

 
 

TOU pricing schemes have been available to residential customers for decades.  

Figure 5 provides an example of TOU tariffs used in 

the "Irish electricity smart metering customer 

behaviour trials"8 in which week days were divided 

into three periods with an off-peak, partial peak 

and a peak period between 17:00 and 19:00.  TOU 

prices can be offered in combination with CPP or 

CPR pricing schemes. 

 

 

 

 

 

                                                             
8 The Commission for Energy Regulation, Electricity Smart Metering Customer Behaviour Trials (CBT) Findings Report, May 2011. 

Figure 5 : Example of a three level TOU pricing scheme (based 
on the Electricity Smart Metering Customer Behaviour Trials, 
CER, 2011). 
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Objective: 

Å Reduce energy demand during peak hours to avoid or defer investments in new production 

capacity 

Å Better reflect the true cost of supplying electricity at different times of day  

 

Customer participation: 

Å Defer certain household activities to off-peak periods (typically laundry, dishwashers, lower electric 

heating and Air Conditioning (AC) ǳǎŀƎŜΣ ŜǘŎΧύ  

Enablers: 

Å Smart metering technologies and automation of selected loads (AC/Electric heating/Electric water 

heater) 

Å Feedback on energy use and price  

Customer reward: 

Å Reduced energy bill due to shifting activities to lower price periods 

Å Reduced cross subsidies as the price of electricity better reflects its cost 

Å άDǊŜŜƴέ ŀǘǘƛǘǳŘŜ ς ŘƻƛƴƎ ǘƘŜ άǊƛƎƘǘ ǘƘƛƴƎέ 
 

Critical Peak Pricing (CPP): CPP pricing schemes involve substantially increased electricity prices 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. 

¶ In exchange for a lower tariff during non-peak hours (compared to customers on say single tariffs), 

participants agree to have substantially higher tariffs during critical peak hours. 

¶ The number and length of critical peak periods which the utility is allowed to call is often agreed 

upon in advance in order to lower participant risk. 

¶ The periods when critical peaks occur depend on conditions in the market and cannot be decided in 

advance.  Residential customers are usually notified the day before that the next day will be a 

critical day. 
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The programs are 

effective but there are 

some questions as to 

the fairness for low-

income consumers who 

may be especially 

impacted by the 

programs as well as for 

those for whom shifting 

load may be especially 

difficult (retired people 

or sick people who need 

to stay at home).  This is 

why CPP is usually not a 

mandatory or opt-out 

tariff but voluntary for 

residential consumers.  

However, by looking at 

the 9 samples in our 

review which focused on 

low-income customers 

(for example a sub sample of the massive California Statewide Pricing Pilot9), we found that low-income 

households shift an amount of load which is similar to the average overall impact of CPP pilots.  This would 

indicate that low-income households are still able to benefit from CPP pricing.  CPP tariffs can also be 

combined with TOU tariffs.  Figure 6 provides an example of CPP tariffs compared to a standard flat rate 

tariff. 

 

Critical Peak Rebate (CPR): CPR pricing schemes are inverse forms of CPP tariffs.  Participants 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.  CPR is a relatively new form of tariff and has not been used in a large 

number of pilots as yet.  As for CPP, the number and the length of critical peak periods which the utility is 

allowed to call is agreed upon in advance although when they are to occur is not.  Residential customers 

are usually notified the day before that the next day will be a critical day.  CPR tariffs can be combined with 

TOU tariffs. 

 

Objective (CPP and CPR pricing schemes): 

Å Reduce energy demand during peak hours to avoid or defer investments in new production 

capacity 

                                                             
9 Charles River Associates (2003): Impact Evaluation of the California Statewide Pricing Pilot- Final Report. 

Figure 6 : Example of Critical Peak Pricing scheme 
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Å Better reflect the true cost of supplying electricity at different times of day  

Customer participation (CPP and CPR pricing schemes): 

Å Turn off selected appliances and delay certain household activities when notified of a critical peak 

period (typically laundry, dishwashers, lower electric heating and Air Conditioning usage, ŜǘŎΧύ  

Enablers (CPP and CPR pricing schemes): 

Å Smart metering technologies and automation of selected loads (AC/Electric heating/Electric water 

heater) 

Å Feedback on energy use and price 

Å Notification of critical peak periods  

Customer reward (CPP and CPR pricing schemes): 

Å Reduced energy bill due to shifting activities to off peak periods (CPP) / Receive payment for 

lowering electricity usage during critical peak periods (CPR)  

Å Reduced cross subsidies as the price of electricity better reflects its cost 

Å άDǊŜŜƴέ ŀǘǘƛǘǳŘŜ ς ŘƻƛƴƎ ǘƘŜ άǊƛƎƘǘ ǘƘƛƴƎέ 

 

Real-Time Pricing (RTP): The price paid by participants is tied to the price of electricity on the wholesale 

market.  However they do not lead to consumption reductions without feedback.  Even then customers will 

sometimes tire of checking a price that only changes slightly from day to day.  In order to encourage 

reductions during high price periods and reduce risk of high bill, participants are warned when wholesale 

prices reach a certain threshold decided upon in advance.  A majority of household customers in Norway10 

and a growing number in Sweden11 are currently on spot tied contracts. 

 

Objective: 

Å Reduce energy demand during periods of high prices to avoid or deter investments in new 

production capacity. 

Å Reflect the true cost of electricity and enhance its price signal. 

Customer participation: 

Å Turn off selected appliances and delay certain household activities when notified of a period of high 

ǇǊƛŎŜǎ όǘȅǇƛŎŀƭƭȅ ƭŀǳƴŘǊȅΣ ŘƛǎƘǿŀǎƘŜǊǎΣ ƭƻǿŜǊ ŜƭŜŎǘǊƛŎ ƘŜŀǘƛƴƎ ŀƴŘ !ƛǊ /ƻƴŘƛǘƛƻƴƛƴƎ ǳǎŀƎŜΣ  ŜǘŎΧύ  

                                                             
10 in its "Report on regulation and the electricity market 2010", the Norwegian Water Resources and Energy Directorate reports 
that roughly 52% of customers had a contract that offers the average monthly area spot price with a mark ςup in 2009. 
11 The Energy Markets Inspectorate reports in its latest review of the Swedish electricity and natural gas markets 2009 that 30% of 
residential customers have variable contracts in 2009 as opposed to 22% in 2008. 
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Enablers: 

Å Smart metering technologies and automation of selected loads (AC/Electric heating/Electric water 

heater) 

Å Real-time feedback on energy use and price 

Å Notification of high price periods  

Customer reward: 

Å Reduced energy bill due to shifting activities to lower price periods 

Å Reduced cross subsidies as the price of electricity reflects its cost 

Å άDǊŜŜƴέ ŀǘǘƛǘǳŘŜ ς ŘƻƛƴƎ ǘƘŜ άǊƛƎƘǘ ǘƘƛƴƎέ 
 

Overall results 
 

Figure 7 provides the average load shifting in percent during peak priced hours (excluding the effects of 

automation).  TOU and RTP peak consumption reductions are the lowest but they occur daily while CPP and 

CPR produce the highest reductions but only for critical peak periods. 

 

Figure 7Υ 5ȅƴŀƳƛŎ ǇǊƛŎƛƴƎΩǎ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǇŜŀƪ ŎƭƛǇǇƛƴƎ 

 

 

Pilot type Sample size 

TOU N=215 
CPP N=69 
CPR N=16 
RTP N=15 






































































































