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This section summarises the overall findings and conclusions from the Energy Demand Research Project (EDRP). 
EDRP was a major project in Great Britain to test consumersô responses to different forms of information about their 
energy use. Four energy suppliers each conducted trials of the impacts of various interventions (individually or in 
combination) between 2007 and 2010. The interventions used were primarily directed at reducing domestic energy 
consumption, with a minority focused on shifting energy use from periods of peak demand. The project involved 
over 60,000 households, including 18,000 with smart meters. Measures were generally applied at household level 
but one supplier also tested action at community level.  

The final analysis collates and builds on suppliersô findings and additional analysis of the data on energy 
consumption and consumer feedback, together with a review of the wider literature to identify the interventions that 
have proved most effective in reducing consumption, and key messages about how such interventions can best be 
delivered. The report provides a unique source of information particularly pertinent to the forthcoming national roll-
out of smart meters. It sets out the quantitative savings that were achieved through a range of interventions enabled 
by smart meters, demonstrating the potential of smart metering as an enabling platform for measures to influence 
consumer behaviour.  

1.1 Introduction 

EDRP was launched in July 2007 and has been managed by Ofgem on behalf of DECC. The trials were undertaken 
by four energy supply companies: EDF Energy Customers Plc, E.ON UK Plc, Scottish Power Energy Retail Ltd and 
SSE Energy Supply Ltd (EDF, E.ON, Scottish Power and SSE). The Government allocated £9.75 million to the 
trials, match-funded by the energy suppliers taking part. 

This report presents a final analysis of the findings from EDRP. The project was designed to help understand better 
how domestic consumers react to improved information about their energy consumption over the long term. This 
included investigating the impact of measures to reduce energy consumption and, in some cases, to shift energy 
demand from periods of peak demand.  

The analysis presented in this report has been undertaken in the context of the Governmentôs proposed roll-out of 
smart meters ï hence there is a greater focus on the smart meter trials. The trials started prior to the Governmentôs 
decision to roll out smart meters and so were designed to trial a range of different interventions. Nevertheless, much 
useful information has been acquired in support of the plans. 

The trials have been made up of different combinations of measures and explored the responses of around 60,000 
different households. The trials began in 2007 and finished towards the end of 2010. 

This report presents the following. 

¶ Findings reported by the energy suppliers on changes in energy consumption, resulting from the introduction of 
the interventions, and consumer feedback on the interventions.  

¶ AECOMôs evaluation of the energy suppliersô findings. 

¶ AECOMôs additional analysis of the energy suppliersô energy consumption data and consumer feedback. This 
builds on the work done by the suppliers to extend and clarify the impact of the various interventions tested. 

¶ An assessment of the findings of the trials in the context of the academic and professional literature on trials of 
similar interventions (including a detailed literature review). 

¶ The key practical and technical issues identified by the energy suppliers associated with the installation and 
operation of smart meters in EDRP and possible implications for the national roll-out of smart meters. 

1 Executive Summary 
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1.2 Summary of the trial design  

The trials were constructed through a call for tenders to energy suppliers to bid for matched government funding to 
conduct trials on energy demand reduction. The brief was not prescriptive of the size, content, design, methods or 
form of analysis of the trials. This process resulted in commissioning of four essentially independent trials being 
conducted and analysed by the energy suppliers (EDF, E.ON, Scottish Power and SSE) and their academic 
advisors. 

The energy suppliers each divided their trials into a number of trial groups to test the impact of different 
interventions. The interventions included the following (assessed either individually or in combination with each 
other). 

¶ Energy efficiency advice. 

¶ Historic energy consumption information (such as comparison of energy consumption with earlier periods). 

¶ Benchmarking of the customerôs consumption against the consumption of comparable households.  

¶ Customer engagement using targets (commitment to reduce consumption). 

¶ Smart electricity and gas meters.  

¶ Real-time display (RTD) devices that show energy use (including audible usage reduction alarms). 

¶ Control of heating and hot water integrated with RTD. 

¶ Financial incentives (including variable tariffs) to either reduce consumption or shift energy demand from periods 
of peak demand.  

¶ Other digital media for delivering information (web, TV). 

Table 1.1 provides a summary of the number of households who participated in the trials and the sub-set that had 
smart meters. The number of drop-outs during the trials ranged from 5% to 36% depending on the energy supplier. 
The analysis sections provide further details of the number of households included in the analysis for each of the 
different interventions and in-trial years. 

Table 1.1 Number of households participating in EDRP 

Energy supplier Total number of households Households with smart meters 

EDF 1979 1879 

E.ON 28450 8055 

Scottish Power 3028 1330 

SSE 27887 7106 

Total 61344 18370 

 

In addition, SSE assessed the effect of community engagement on behaviour and electricity demand reduction. This 
was undertaken in three villages: one each in England, Scotland and Wales. Each community had the same target 
and incentive: a £20,000 community project prize for achieving an average 10% reduction in electricity consumption 
over a three month period compared with the same three month period in 2007-8. Household-level interventions 
were provided, e.g. smart meters, RTDs (clip-on and linked to smart meters) and web access were common 
interventions deployed in the three communities. In addition, communities were given free rein to pursue other 
interventions and activities to achieve their targets (in individual dwellings, by insulation, new appliances, etc. or at 
community level). 
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1.3 Behaviour change 

This report uses a simple theoretical framework based on the means, motive and opportunity for householders to 
change their behaviour (i.e. for householders to reduce energy demand, they must know what to do, have a reason 
for doing it and have the resources to do it). The wide range of behaviours that affect domestic energy demand may 
be characterised in terms of ñopportunityò ï the time required and the cost associated with them, and sometimes 
also the required space in the home. Therefore, a simple division of energy efficiency measures into ñbehaviour 
changeò and ñinstallationò does not adequately represent the range of options for saving energy. Insulation, for 
example, is not a behaviour, but installing insulation is a behaviour. Turning down a thermostat is a (no-cost) 
behaviour but it requires a thermostat to be installed.  

The literature review conducted for this project shows that most changes seen in trials of energy demand reduction 
incentives tend to be ï in the short term at least ï those that require little investment of time or money. The EDRP 
customer surveys document a wide range of behaviours that householders used to reduce energy demand. While 
the trials do not allow changes in behaviour to be definitively tied to specific supplier interventions, the resulting 
changes in energy demand have been demonstrated more clearly than in past GB studies and ï in some cases ï 
for the first time. 

1.4 Energy demand reduction seen in EDRP 

Below is a summary of the changes in energy demand seen in the different interventions trialled in EDRP. The 
summary also takes account of a thorough review of findings from trials of similar interventions in the wider 
literature.

1
 

1.4.1 Interventions without smart meters 

With two exceptions, there was no significant reduction in energy consumption when the intervention did not include 
a smart meter.  

The exceptions are interventions either using clip-on real-time displays (RTDs) of electricity consumption or 
ñbenchmarkingò each customerôs consumption against typical consumption in comparable households. In these two 
cases it was only SSE that found a significant reduction (in electricity consumption only, not gas consumption), and 
the effect was small (around 1% savings).

2
 

The other trials found no statistically significant effect of RTDs, energy efficiency advice (on paper or online), historic 
feedback (on paper or online), self-reading of meters or financial incentives to save energy in the absence of smart 
meters.  

                                                           

1
 The findings presented in this executive summary are statistically significant. In interpreting the findings from EDRP we have 

considered the quality of the interventions, their delivery, the data and the design of the trials. Those interventions that did not 
show statistically significant savings might nevertheless be able to save energy in some customer groups and/or if implemented 
differently. 

2
 Only the SSE trial included benchmarking. Although a small effect, this is one of the clearest pieces of evidence for an effect of 

benchmarking (the literature is generally positive but allows no quantification). There is concern that those who consume less 
than the benchmark amount may start to consume more; therefore, careful consideration needs to be given to how benchmarking 
might usefully be deployed in the population in general. 
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1.4.2 Interventions with smart meters 

In contrast, interventions using smart meters were successful more frequently and with larger percentage savings in 
energy consumption. This may be explained partly by some aspect of receiving the smart meter (e.g. interaction 
with the installer or the positive image of getting new technology) but also the different options that were available 
once a smart meter was installed, e.g. more sophisticated RTDs (fitted by an installer), and more frequent and 
accurate historic feedback and billing. 

Real-time displays 

RTDs provide live data on energy consumption (kW and cost) and usually other information such as CO2 emissions 
and energy consumption over specified periods. Some RTDs have audible alarms or visual signals to alert the 
customer to high consumption. The combination of smart meters and RTDs consistently resulted in energy savings 
of around 3% but with some higher and lower savings, depending on fuel, customer group and period.  

In the case of electricity consumption, providing an RTD is the more important factor: savings were generally 2-4% 
higher than with a smart meter only (with a full range of 0-11% for some periods and customer groups) and these 
effects were persistent to the end of the trial. The percentage savings were greatest in the EDF trial and this may be 
because the accompanying advice was more effective. Only the Scottish Power trial showed no positive effect of 
RTDs with smart meters and this may be related to the fact that the meter replacement was presented as a routine 
replacement rather than as a smart meter or part of a research trial. 

In the case of gas consumption, the smart meter itself (e.g. the information provided on consumption and cost) or 
some aspect of the experience of getting a smart meter appears to be a positive mechanism, resulting in savings of 
around 3%. E.ON found that these effects were persistent into the first quarter of the second in-trial year (i.e. for 15 
months) and for one or two further quarters in some groups. The literature and other EDRP findings indicate that this 
effect may require support over time from other interventions (e.g. advice or billing information) to be sustained for 
longer periods. 

The RTD findings are consistent with the literature. The effect of smart meters in isolation from other measures on 
gas consumption has not been investigated before but is in keeping with theoretical considerations, that real-time 
feedback is more relevant to electricity consumption than to gas. Applications of gas (e.g. heating and hot water) 
tend to be subject to more occasional adjustments having long-term effects (e.g. changing a thermostat setting in 
response to getting a smart meter or RTD).  

The EDF survey data showed that customers expected, and could have benefited from, more engagement and 
instruction during installation of smart meters and RTDs. More generally, the written instructions may sometimes 
have been unclear or too complex, especially for people in the trial context (who were sent the device, rather than 
making an active decision to buy it). Hence support from the installers may be particularly important. This raises the 
possibility that greater savings might have been achieved with different procedures at this early stage.  

In addition, EDRP provided the following evidence on the relevance of different aspects of the RTD, evidence that 
could be used in pursuing higher savings. Customer surveys about RTDs showed that cost information was used 
and valued more than unit (kW) information, and electricity information more than gas (this may be due in part to the 
order in which button pushes accessed different types of information, electricity generally being the default display). 
Displays of CO2 emissions were generally not widely noticed or used or perceived as useful. Displays of 
temperature data were generally rated positively and may have been particularly useful in the early stages in 
responding to advice to reduce thermostat settings. 

This is consistent with the literature, which additionally shows that portability of the RTD is a benefit (at least initially) 
and that appliance-specific feedback can have additional effects on energy savings (the latter was not tested in the 
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EDRP). The literature also identifies two key points that were not explored further in EDRP, but which are relevant to 
engaging consumers about RTDs: 

¶ householders may find RTDs more useful in confirming savings after attempts to reduce consumption, rather 
than using an RTD to initiate savings; 

¶ RTDs can be used to check that everything has been switched off before going to bed or leaving the house.  

The mains powered RTDs (i.e. those connected to a smart meter), which displayed both gas and electricity 
consumption and tended to have more sophisticated functions, were consistently (across trials) more likely than clip-
on RTDs to be fitted, retained, used and rated positively. Having an RTD also tended to result in more positive 
perception of the smart meter. The SSE survey found that reasons for not using the RTD differed between clip-on 
displays, not connected to a smart meter (where the functionality of the device itself was the dominant reason) and 
mains RTDs (where the usefulness of the information provided was dominant).  

The audible alarm of high consumption in EDFôs trial caused no incremental reduction in consumption and attracted 
only negative response in the customer survey. A ñtraffic lightsò visual signal of consumption level, in contrast, was 
often the most positively rated feature. This is consistent with the limited evidence in the published literature. 

There is nothing in the literature on the effect of an RTD with integral heating controller so the EDF trial of this 
device (combined with provision of advice) was the first test of its kind. There was no reduction of electricity 
consumption (data on change in gas consumption were not available). The customer survey revealed a positive 
response to the device but this may be because customers valued it mainly as a heating controller and did not use it 
so much as an RTD to view energy consumption information.  

Energy efficiency advice and historic feedback 

EDRP used generic written advice (not personalised to the customer) ï mainly on paper but also via the web, a 
dedicated TV-based web page and RTDs. Advice was sent at varying frequencies and in varying amounts and 
styles. Historic feedback was principally a graphical comparison of consumption in the current bill/statement period 
and the same period the previous year. The EDRP findings for generic advice and historic feedback are consistent 
with the literature insofar as an effect of these interventions was not always seen and, when it was seen, the 
reduction in consumption was up to 5%. This was important to confirm in the UK context, given the previous 
dependence on evidence from elsewhere. 

The particular combination of advice and historic feedback on consumption that EDF deployed (along with smart 
meters) reduced electricity consumption by 2.3% overall

3
 in the first in-trial year.

4
 The effect was persistent into the 

second in-trial year (4.0% saving). The E.ON trial found some weaker evidence of savings due to advice, in 
combination with smart meters and monthly feedback on consumption, but it is difficult to quantify because of the 
particular schedule of interventions. The other trials detected no effects of advice, historic feedback or the 
combination. 

The effects observed by EDF occurred in spite of a survey finding low customer engagement with the material 
provided. This perhaps gives a clue as to why the EDF trial was effective: information was provided in simple, short 
statements, over a period of time ï minimal but well presented and easy to absorb a little each month. The SSE 
advice booklet, in contrast, was comprehensive but required more effort from householders and was provided once 

                                                           

3
 When dual fuel and electricity-only customers were considered separately, the reduction was significant only for dual fuel 

customers (4.6% saving) and not for electricity-only customers (0.9% saving). However, in the second in-trial year, savings were 
significant for both dual fuel (2.4%) and electricity-only customers (5.0%). 

4
 Gas consumption could not be assessed. 
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only, at the start of the trial. There was greater engagement with the SSE booklet if an RTD was also provided, so 
some of the effect attributed to the RTD may have been due to the RTD prompting interest in the advice and/or the 
advice helping householders to use the feedback from the RTD. 

Similarly, the historic feedback was more obvious to customers in the EDF trial (large, in colour and on separate 
sheets) than that provided by E.ON. The SSE survey data did show that customers found the information on bills 
more useful if they also had advice, which further helps to explain the effect on consumption found by EDF. The 
survey also showed that many customers found the bill data and RTDs to be complementary, with a value in 
providing both. 

The message is that advice should be provided as a fundamental requirement, and historic feedback can be useful, 
but the details of delivery, and combination with other interventions (e.g. smart meters and real-time feedback), are 
critical. EDRP has taken a step forward in understanding these details but there is more work to do and the optimum 
approach is likely to vary between customer segments, and to change over time as more energy knowledge 
becomes commonplace and people become more familiar with their consumption levels. 

Incentives to reduce consumption 

EDRP found no reliable or persistent effect of either financial incentives to reduce energy consumption or general 
statements of commitment to reduce consumption. 

The literature provides little substantive evidence on financial incentives to meet a consumption reduction target 
except for the general (and obvious) point that sufficient incentive will prompt people to reduce consumption, but 
only for as long as the incentive is kept in place. Three EDRP trials employed financial incentives to reduce 
consumption but only Scottish Power saw reductions in consumption when the incentives were applied ï only in the 
case of credit customers with smart meters and only for short periods. The Hawthorne effect

5
 is a sufficient 

explanation of the Scottish Power findings. There are also concerns in the literature that using the financial motive in 
this way could focus householdersô attention on financial savings and that this could reduce the chances of seeing 
long-term savings because other motives to reduce consumption are suppressed by the financial motive.  

Similarly, having householders make a commitment to reduce consumption (without a specific target or reward) did 
not have any detectable effect on consumption. There is no directly comparable evidence in the literature but, in 
short-term trials, there is tentative evidence of savings prompted by realistic but stretching targets (without a 
reward), combined with frequent feedback. 

Web-based interventions 

EDRP used web-based services to provide advice, billing information and historic feedback (delayed by only a day 
but not real-time feedback), but without any effect on consumption. 

The literature shows the potential benefits of online services to help consumers reduce energy demand, but also 
shows that the potential is rarely realised. EDRP also found this, with neither of the suppliers that used web-based 
interventions (EDF and SSE) seeing any energy savings as a result. The trials also showed that a major reason for 
failure is likely to be lack of engagement with the web sites, not necessarily a lack of effect among those who did 
use the sites. 

                                                           

5
 People may change their behaviour merely because they know they are being observed or tested, regardless of any specific 
attempts to change their behaviour. This ñHawthorne effectò tends to be short-term but can be reinstated by regularly changing 
the intervention, which is what happened in the Scottish Power trials. 



AECOM Energy Demand Research Project: Final Analysis 7 

 

Capabilities on project: 

Building Engineering 

 

Evidence on the provision of online real-time feedback is limited and, as yet, inconclusive in the literature. It was not 
tested in EDRP but surveys suggested that the online provision of feedback would have been more effective if real-
time data had been provided. 

1.4.3 Overview of changes in energy demand 

A range of different smart meter-enabled interventions were demonstrated to deliver energy consumption 
reductions, and smart metering was demonstrated generally as a necessary enabling platform for behaviour change 
measures. While the savings were sometimes small in percentage terms, the absolute savings scaled up to national 
level would be substantial. 

¶ The positive savings from smart meters depended on providing consumers with appropriate additional 
interventions, as discussed above. 

¶ The provision of an RTD was particularly important in achieving savings in electricity consumption. Gas savings 
could be achieved through installation of a smart meter without further intervention, although evidence of 
persistence was not as strong as for electricity savings with RTDs. 

¶ Electricity savings can be promoted through provision of advice and historic feedback on consumption but they 
cannot be relied upon on their own: one EDRP trial found significant savings with these two interventions in 
combination with smart meters and another found significant savings in combination with benchmarking against 
the consumption of a peer group (without smart meters).  

¶ Financial incentives and commitment to reduce consumption, in contrast had either no effect or a very short-term 
effect.  

¶ Delivery of information through the web or customersô TVs was also not successful in reducing consumption. 

¶ Savings were generally persistent where the trial was long enough to test this, especially electricity savings from 
the combination of RTDs and smart meters. In contrast, any savings from financial incentives rapidly dissipated 
when the incentive was withdrawn. 

However, the impact of an intervention depends on the detail of deployment: how a particular intervention is 
delivered and how it is combined with other interventions. Savings are not guaranteed simply by implementing a 
particular type of intervention and the following points need to be considered. 

¶ A smart meter can provide key data and an RTD can relay that information. However, further information, advice 
and prompts are likely to be required if the impact is to be maximised. 

¶ RTDs will have less impact if customers are relied upon to fit them: a significant proportion will simply not be 
fitted. Furthermore, where they are fitted, guidance needs to cover how to use the information that RTDs provide, 
not just how to access the information. 

¶ Consumers need to know what to do: what means should be deployed to save energy. Some consumers already 
know (at least in part), others need further information. This information can be delivered through generic written 
material (on paper or online, before, during or after smart metering installation), verbal advice as part of the 
installer visit and by consumers being encouraged to experiment with an RTD to see the savings that could be 
achieved from a particular end-use of energy. 

¶ Quality matters: information needs to be clear, easily seen amongst other material sent by suppliers, and 
presented in an attractive way. It also needs to be relevant and timely (e.g. appropriate to the season) and kept 
up to date as the options for action change (e.g. because of new technology or incentives). The design of RTDs 
and the explanation of how to use them are similarly essential to effective customer engagement, satisfaction 
and savings. 
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¶ Quantity also matters: a balance needs to be struck between providing sufficient information and avoiding 
information overload. For example, regular small nuggets of information appear to be more effective than a single 
delivery of comprehensive information (to provide information in manageable amounts and to maintain behaviour 
change prompts over an extended period). 

¶ People and households are not all the same: the literature suggests that the more closely an intervention can be 
tailored to particular households or individuals, the more effective it is likely to be. Possible options range from 
full energy audits to a few selected pieces of advice, offered during smart meter installation. There is also 
potential to use the web more effectively: although web (and TV) interventions were unsuccessful in EDRP, 
information on the web could work for consumers more engaged with such forms of information and particularly if 
they receive tailored information (including real-time feedback and online audits).  

¶ Quality, quantity and tailoring of interventions are relevant to all points in the customer journey: from engaging 
with an intervention at all (e.g. reading advice or installing an RTD), to the initial impact of the intervention and 
sustaining actions over a longer period. 

Community engagement can also be an effective tool, making use of social networks and social capital, and moving 
social norms away from acceptance of energy wastage. It may, however, require a higher initial investment and will 
not necessarily work in all localities. Local support from a combination of experts and peers can help consumers to 
understand what to do, appreciate reasons for taking action (reasons that make sense to them personally) and 
provide the resources (time, space and money) necessary to take action: means, motive and opportunity. 

1.5 Load shifting 

Two trials (EDF and SSE) tested time-of-use (TOU) tariffs for electricity (i.e. tariffs that vary with time of day and 
sometimes season) in combination with smart meters and other interventions (advice, historic and real-time 
feedback, and incentives to reduce overall consumption). These trials showed effects on shifting load from the peak 
period, with bigger shifts at weekends than on weekdays. Estimates of the magnitude of shifting effect vary with trial 
but were up to 10%. The EDF trial showed that the effect is stronger with smaller households (1 or 2 people), thus 
providing a clear focus for where such interventions should be targeted. The effect was weaker in the SSE trial and 
this may be because awareness of the intervention was limited and it was seen as overly complex. 

Neither of the TOU tariff trials involved any automation of energy-consuming appliances to facilitate load shifting. No 
data were gathered during the trials to provide evidence on what appliances or behaviours were responsible for the 
observed shifting. 

The literature shows that time of use tariffs can also bring about reductions in total energy consumption. However, 
the evidence is almost exclusively from studies in hot regions (where the dominant energy demand is for air 
conditioning) and cold regions with electric heating. The limited evidence from the UK suggests small reductions 
(3% or less) in overall electricity demand and no such effect was detected in EDRP. 

1.6 Population segment effects 

Across all the trials, there was limited evidence of how different population segments were affected by the 
interventions. However, the following themes could be seen in the findings. 

¶ Smaller households were more likely to save energy overall and to shift consumption from the evening peak 
period.  

¶ E.ONôs ófuel poorô (FP) and not ófuel poorô (NFP) groups are difficult to characterise ï they differed in the fuel 
poverty index for their postcode and it is not known how many households were actually fuel poor in each group. 
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Nevertheless, the FP group is likely to be generally less affluent, with more pressure on energy costs. A 
generally more positive response to interventions in the FP group most likely signifies their greater motivation to 
save money. 

¶ SSE found significant variation in energy consumption reduction with demographic group (based on the Mosaic 
classification) but the analysis did not permit identification of specific Mosaic groups that had a higher or lower 
propensity to reduce consumption. In no case did Mosaic group have a significant interaction with a trial 
intervention, i.e. the effects of interventions did not vary with demographic category. 

¶ SSE also found variation in consumption reduction with postcode but again the analysis did not permit 
identification of specific locations that had a higher or lower propensity to reduce consumption. Also, savings did 
not depend on the more systematic geographic variables included in the analysis so the details of any location 
effect are difficult to define. In no case did location have a significant interaction with a trial intervention, i.e. the 
intervention effects did not vary with location. 

¶ There were also some differences in savings between customers who purchased only electricity from the 
supplier responsible for the trial and those who also purchased gas from that supplier. These differences are 
difficult to explain with any certainty but they were not due to electricity-only customers not having gas heating 
because most of them did. 

¶ Only SSE included prepayment smart meters (for electricity only) in its trial, with one trial group being given 
smart meters and an RTD. This group made savings similar to those in the credit customer groups.  

¶ Scottish Power made more extensive investigations of prepayment customers but not with smart meters. These 
customers did not make savings relative to the control group under any interventions.  

¶ Prepayment customers tend to have lower consumption anyway and therefore less scope to reduce. However, 
they may be more practiced at monitoring consumption, more aware of costs and have greater (financial) 
motivation to save energy. With these counterbalancing factors, savings appear to be possible (as shown by 
SSE) but not always achieved (as shown by Scottish Power). Logically, efforts to help prepayment customers 
reduce consumption might focus on means and opportunity, the motive already being present, but this was not 
explored in the trials. 

1.7 Practical and technical issues 

The primary purpose of EDRP was to investigate consumer behaviour and it was not set up as a technology or roll-
out trial. The equipment used was what was either readily available or could be developed for use in the time 
available. Nevertheless the experiences of the installation and use of the equipment from EDRP provide valuable 
practical lessons for mass roll-out of smart metering.  

Overall, the equipment employed worked well. Many of the practical problems encountered were reported as due to 
the ópilotô nature of this project (e.g. equipment faults, data communication losses between the household and 
supplier, and managing the large volume of energy meter data received). Indeed, given the subsequent advances in 
technology, a number of the issues identified would not be encountered if starting EDRP today. The remaining 
issues identified are already informing work under the smart metering programme. It is also worth noting that some 
of the issues identified (access to properties, billing errors) would be encountered in ñbusiness as usualò meter 
replacement activity, whether smart or not, although over a longer period and therefore more easily managed. 

A significant issue will be the customer interaction with the smart metering equipment (including RTDs). All trials 
reported some customers having difficulties in understanding the new equipment provided. This is not simply about 
the design of equipment, although that has been improving: care is needed in how RTDs are ósoldô and explained to 
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the wide cross-section of population such that they know how to access and use the data that the display provides, 
and take an interest in doing so. 

1.8 Further evidence development 

Measuring changes in energy consumption and the associated household behaviour is a complex business. 
Carrying out research to attribute changes to particular experimental interventions is more complex still and this is 
reflected in uncertainties that remain on the subject of how to change householder behaviour. The literature shows 
some engagement of consumers with behaviour changes that require relatively little time and money to implement. 
If substantial savings are to be realised across wide segments of the population there is a need for consumers to 
move along a pathway of behaviour change, so that changes requiring more investment of time and money also 
occur more frequently. 

In particular, the specific combinations of interventions that are most effective in achieving reductions in energy 
demand, and the details of how and when they should be implemented, are only partly understood. It is becoming 
clear that electricity and gas consumption are not affected in the same way but the details are only now starting to 
emerge. The way in which different segments of the population can be engaged, and how they will respond to 
interventions, also merits further investigation. The key questions concern getting consumersô attention, motivating 
them to take action and providing them with the necessary knowledge and resources. 

The development of knowledge will need to be partly around the design of equipment and the associated user 
guidance ï to establish the ideal balance of complex functionality and simple, attractive products. Equally, the media 
of communication could be enhanced, looking at approaches ranging from optimising the use of web-based 
approaches to person-to-person spread of knowledge and motivation through communities. The use of community-
based approaches has been shown to be effective but, to be viable for application at national level, further research 
and analysis is needed to determine whether there are ñkey ingredientsò for more cost-effective versions of the 
community approaches used to date and to provide good practice guidance. 

Time-varying tariffs may play a role in managing energy demand, in controlling total and peak-time consumption. 
The optimum tariff levels and ratios, and the role of advice and technology in supporting behaviour change, are as 
yet poorly understood. 

Some questions may be answered by further analysis of the EDRP data. More broadly, if specific issues are 
identified, more in-depth processing of the energy or survey data is certainly possible. Based on the experience of 
EDRP, much useful knowledge could also be gained from monitoring and evaluation of the smart meter roll-out. In 
particular, there is great potential for achieving energy savings through the installation process but the optimum level 
of interaction between households, installers and (if involved) energy advisors needs to be established. 

There is also a need to understand better the impact of energy behaviour change interventions in the context of 
other policy initiatives targeting household energy use. For example, the Green Deal, Feed-in Tariff (FIT), 
Renewable Heat Incentive (RHI), Energy Company Obligation (ECO) and the Community Energy Saving 
Programme (CESP) will change the context in which behavioural interventions are played out. Changing the 
physical form and fabric of the property (Green Deal), the supply of electricity and heat (FITs and RHI), and the 
social, legal and financial context (CESP and Green Deal) will change the means, motive and opportunity of 
householders to engage in behaviour change. This, in turn, will impact on the efficacy of different packages of 
behavioural interventions in different ways. The capacity to evaluate the impact of existing behavioural change 
packages, and to develop and test new packages of behavioural interventions on a continuing basis will be 
important. In addition, there is a possibility that smart meters themselves, independently of any effects they have on 
energy demand, will be a useful tool for evaluating the impact of other policy initiatives.  
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This report presents the findings from the Energy Demand Research Project (EDRP). EDRP was originally designed 
to help understand better how domestic consumers react to improved information about their energy consumption 
over the long term. 

The interventions have included the following (assessed either individually or in combination with each other): 

¶ energy efficiency advice; 

¶ historic energy consumption information; 

¶ benchmarking of the customerôs consumption against the consumption of comparable households; 

¶ customer engagement using commitment to reduce consumption; 

¶ smart electricity and gas meters;  

¶ real-time display (RTDs) devices which show energy use; 

¶ control of heating and hot water integrated with an RTD; 

¶ other digital media for delivering information (web, TV); 

¶ financial incentives (including variable tariffs) to either reduce consumption or shift energy demand from periods 
of peak demand. 

The idea for EDRP was established in 2006 when the then Department of Trade and Industry was interested in 
trialing smart metering and the Department of the Environment, Food and Rural Affairs was interested in trialing 
broader interventions to influence behaviour change. The trials were constructed through a call for tenders to energy 
suppliers to bid for matched government funding to conduct trials on energy demand reduction. The Government 
allocated £9.75 million to fund the trials. The brief was not prescriptive of the size, content, design, methods or form 
of analysis of the trials. This process resulted in commissioning of four essentially independent trials, conducted by 
the four successful energy suppliers (EDF, E.ON, Scottish Power and SSE) and their academic advisors.  

EDRP was launched in July 2007. The energy suppliers carried out trials across Great Britain, incorporating different 
combinations of measures, and explored the responses of around 60,000 different households. The majority of the 
trials began in late 2007 or early 2008 and the trials finished towards the end of 2010

6
. AECOM was contracted in 

the autumn of 2010 to conduct an independent review of the trials and further analysis of the data collected. 

This report presents AECOMôs final analysis of the findings from EDRP. This analysis has been undertaken in the 
context of the Governmentôs proposed roll-out of smart meters ï hence there is a greater focus on the smart meter 
trials. The trials started prior to the Governmentôs decision to roll out smart meters and were not specifically 
designed to feed into its implementation plans. Nevertheless, much useful information has been acquired in support 
of the plans. 

The key components of this final analysis are as follows. 

¶ An assessment of the energy suppliersô own findings. 

¶ Further analysis of the trial data collected. This particularly included the energy consumption data collected for 
each supplierôs trials, consumer feedback on their experience of the various measures and feedback from the 
energy suppliers on the practical issues associated with designing, installing and operating the various 
measures, including smart meters.  

¶ Contextualise the findings with respect to the wider literature. 

                                                           

6
 EDF has continued with its heating controller trial group into early 2011 (see Section 3). This report presents analysis of data 

collected until the end of August 2010. 

2 Introduction 
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The contents of the remaining sections of the report are outlined below. 

¶ Section 3 provides a summary of the trials undertaken by the four energy suppliers. 

¶ Sections 4 to 7 present further analysis of the four energy suppliersô energy consumption data and consumer 
survey data. The principal purpose of this additional analysis is to build on the work done by the suppliers to 
extend and clarify the impact of the various interventions tested in EDRP. 

¶ Section 8 puts the findings of the trials in the context of the academic and professional literature on trials of 
similar interventions. 

¶ Section 9 brings together the key practical and technical issues identified by the energy suppliers associated with 
the installation and operation of smart meters in EDRP and considers possible implications for the national roll-
out of smart meters. 

¶ Section 10 presents the key conclusions from this study. 

A glossary of terms and abbreviations is provided at the end of this document. Additional material is provided in 
appendices, in separate documents. 

¶ Appendix A summarises the findings reported by the energy suppliers themselves (on changes in energy 
consumption resulting from the introduction of the interventions and on customer survey responses).  

¶ Appendix B is a quality assessment of the final findings (i.e. following AECOMôs analysis). 

¶ Appendix C is a literature review of the impact (on energy consumption and the associated householder 
behaviour) of the interventions trialled in EDRP. 

¶ Appendix D reports on SSEôs community trials. 

¶ Appendix E provides further analysis tables to supplement Sections 4 and 5. 
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Each of the four trials assessed multiple approaches to reducing energy consumption. This chapter describes the 
following for each of the four trials. 

¶ The different interventions (measures to reduce energy consumption) assessed by each trial. 

¶ The different trial groups within each trial. Each trial group comprised and assessed a different set of energy 
reduction measures. 

¶ The methods of recruitment of trial participants.  

The data collected (consumption and survey data) and the data processing and analysis are described in Sections 4 

to 7, alongside the findings of the analysis. 

3.1 EDF 

3.1.1 Interventions 

Non-smart meter interventions 

EDF tested only one intervention that did not include a smart meter, the Read-Reduce-Reward (RRR) scheme for 
dual fuel customers, which combined the following interventions. 

¶ Energy efficiency advice: monthly tips sent by post. 

¶ Incentive to reduce consumption: reward for year-on-year reduction in consumption.
7
 

¶ Customer engagement: customer reads meters and provides the readings to EDF. 

¶ Web information: personalised consumption history available online. 

Smart meter interventions  

EDF tested the following interventions in trial groups provided with smart meters. 

¶ Smart meter. 

¶ Accurate billing and no meter reading visits. 

¶ Additional bill data: graphs on monthly summaries (not bills) showing current period and historic energy 
consumption, cost and CO2 emissions. 

¶ Energy efficiency advice: monthly tips sent by post, on same sheet as additional bill data.  

¶ Energy efficiency advice: monthly tips sent to RTD, TV or online. 

¶ Real time display (ñWall Panelò): mains RTD with touch screen showing current electricity and gas use, cost 
(current month and per hour), CO2 emissions, historic data and messages from EDF. 

¶ Real time display (ñbasic displayò): mains RTD with one-line display; five buttons to toggle between electricity 
use/cost on each tariff rate (current and per day, week and month), CO2 emissions and tariff rates. 

¶ Usage reduction alert (URA): RTD set up with audible alarm if consumption exceeds predefined daily level. 

¶ Heating controller (HEC): RTD incorporating a controller for space heating and hot water. 

                                                           

7
 Rewards were provided as Nectar points (typical value of £1 per 200 points). A year-on-year reduction in energy use was 

rewarded with 1000 points per fuel. In addition, 250 points were offered per fuel per quarter for providing meter readings online 
(200 points for phoning in readings). This scheme is no longer available. 

3 Trial Design 
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¶ Time of use tariff (TOUT): incentive to shift from peak period consumption. 

¶ TV information: personalised consumption history available via a TV Freeview box. 

¶ Web information: personalised consumption history available online. 

The TOU tariff intervention was based on electricity tariffs varying with time of day. The peak period was 16:30-
19:30, night period was 23:00-06:00 and off-peak period was 06:00-16:30 and 19:30-23:00 (the same times for both 
GMT and BST). The peak tariff was 161-169% of the off-peak tariff and the night tariff was 56-65%, depending on 
region. The off-peak tariff was between 8.41 and 9.03 pence per unit (excluding VAT).

8
 

3.1.2 Trial Groups 

The different trial groups are detailed in Table 3.1. The trial group numbers and names are referred to throughout 
this report in discussing the EDF trial. 

¶ As noted above, there is only one non-smart trial group (RRR ï Read-Reduce-Reward). 

¶ All the other groups included smart meters and more accurate billing, including the control group. These 
comprise seven trial groups. The only subdivision is between households with EDF electricity-only accounts (who 
received electricity smart meters only) and households with EDF dual fuel accounts (who received electricity and 
gas smart meters). 

3.1.3 Recruitment 

Sampling frame and exclusions 

EDF recruited from its customer base in London and the southeast of England. Initially customers were required to 
have 4 meter readings in the 12 months prior to the start of the trial to be eligible to join. This criterion was relaxed 
early in the recruitment process (but after the monthly advice and control groups had been recruited) to a minimum 
of 2 meter readings due to the shortage of customers fulfilling the original specification.  

The following universal exclusions were applied. 

¶ Customers on the Mailing Preference Service. 

¶ EDF staff. 

¶ Customers who had taken ñGreen productsò (special tariffs or consumption reduction products). 

¶ Customers with medical equipment in their homes. 

¶ Customers with more than 6 readings in the 12 months. 

¶ Customers for whom EDF did not hold a telephone number. 

¶ Customers below a lower survival band of estimated annual energy consumption. This band is defined as 
1,500 kWh estimated annual electricity consumption and 7,500 kWh estimated annual gas consumption. 

¶ Economy 7 customers. 

  

                                                           

8
 These tariffs were used for trial purposes only and are no longer available. 
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Table 3.1 EDF trial groups 

Trial group name Interventions Fuel type Number installed 

PaperEO ¶ Smart meter + accurate billing 

¶ Additional bill data 

¶ Energy efficiency advice: sent by post 

Electricity only 200 

PaperDF Dual fuel 186 

Wall PanelEO ¶ Smart meter + accurate billing 

¶ RTD on wall (ñWall Panelò) 

¶ Energy efficiency advice: sent to RTD 

Electricity only 170 

Wall PanelDF Dual fuel 200 

TVEO ¶ Smart meter + accurate billing 

¶ TV information 

¶ Energy efficiency advice: sent to TV 

Electricity only 97 

TVDF Dual fuel 53 

Usage Reduction 
Alert 

(URA) 

¶ Smart meter + accurate billing 

¶ RTD on wall (ñWall Panelò) 

¶ Usage reduction alert 

¶ Energy efficiency advice: sent to RTD 

Electricity only 200 

Time of Use Tariff 

(TOUT) 

¶ Smart meter + accurate billing 

¶ RTD (ñbasic displayò) 

¶ Time of use tariff 

¶ Energy efficiency advice: sent by post
1
 

Electricity only 194 

Heating Controller 
(HEC) 

¶ Smart meter + accurate billing 

¶ RTD on wall (ñWall Panelò) 

¶ Heating controller integrated with RTD 

¶ Energy efficiency advice: sent to RTD 

Dual fuel 156 

ControlEO 
¶ Smart meter + accurate billing  

Electricity only 187 

ControlDF Dual fuel 189 

Read-Reduce-
Reward (RRR) 

¶ Energy efficiency advice 

¶ Incentive to reduce consumption  

¶ Customer engagement 

¶ Web information 

Dual fuel 100 

Web 

¶ Smart meter + accurate billing  

¶ Web information 

¶ Energy efficiency advice: monthly tips  online 

Dual fuel 100 

Total 1979 

1
 The intervention did not specifically include providing customers with energy efficiency advice. However, there was some 

general advice within the material sent to the customers about the intervention. 
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Sampling was stratified according to estimated annual energy consumption, with households divided into low, 
medium and high estimated annual consumption. Following this, further stratification divided potential recruits by the 
following EDF customer variables. 

¶ Prepayment users: premises had a prepayment meter installed. 

¶ Fuel poor: customers who are defined by a model that predicts the likelihood of a geographical area spending 
10% of more of their take home salary on fuel bills. 

¶ Green: customers on a green tariff or have a very high propensity to be a green customer based on a lifestyle 
code. 

¶ Grey: customers of 55 years or older. 

¶ High consumption: customers corresponding to ACORN demographics classes 1 to 14 or 24 to 36. 

¶ Low consumption: the residual customers not in the other groups. 

EDF amalgamated fuel poor and low consumption customers because they appeared to overlap somewhat and it 

was deemed desirable from a statistical point of view to limit the size of the sampling matrix. 

A random number generator was used to allocate potential households to the trial groups, constrained by this 
stratification. Customer lists were prepared for each of the trial groups and supplied to an agency to undertake the 
recruitment. The sampling frames for each trial group were therefore randomised, with the following exceptions. 

¶ Only medium baseline consumption households were recruited for the ótime of useô variable tariff trial. 

¶ There were few high consumption households left on the lists, especially in London, towards the end of the 
recruitment for the TV and heating controller trial groups. These trial groups were predominantly recruited in the 
south-east. 

Recruitment methods 

The first step in the recruitment process was a phone call from the recruitment agency. All households in the EDF 
trial were offered the opportunity to join the trial to which they had been provisionally allocated and all were given 
the choice of whether or not to participate. All were aware that they would be participating in a trial, including control 
group households.  

The recruitment agency sought to persuade households to join the trial. At first, the agency approached this task 
with a pro-environmental message but this was not successful so, after the first month, they adopted a four stage 
approach, promoting the benefits as follows: 1) saving money, 2) accurate bills, 3) saving energy, and 4) saving 
carbon. There were however important differences across the groups. 

¶ The control group was offered a £50 shopping voucher and accurate bills but were not told that they would be 
able to save money or energy (only the very first customers ï around ten recruited households ï were not offered 
accurate bills). 

¶ Each of the interventions was promoted on its own potential merits. 

¶ The trial of the RTD with excess consumption alarm was difficult to recruit to because customers did not want an 
alarm. 

¶ The variable tariff trial group was difficult to recruit to because customers did not understand the principle of load-
shifting and did not believe that the company would want to help them save money. EDF had to provide the 
recruitment agency with a special training session specifically on this intervention. 

¶ Across all groups, recruitment was easier in the south-east because people were at home more often when the 
agency called. 
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¶ Different groups were recruited, and installed, at different times. For those groups recruited at the beginning of 
the study, the time between recruitment and installation was about 6 weeks. This was eventually reduced to 2 
weeks because of the initially high drop-out rate between recruitment and installation. The control group was 
recruited at the beginning of the study.  

Households that agreed to join a trial were sent written terms and conditions to sign. These terms and conditions 

were simplified after the first month as the original documents were putting off 90% of the households.  

The same installation teams were used for all trial groups except the heating controller trial group as these 
installations needed boiler experience. There was minimal interaction between installation teams and customers ï 
the latter were given a booklet but were not given direct advice or instructions.  

Table 3.1 (above) shows the installation rates for EDFôs trial. Table 3.2 illustrates the timetable for the trial. 

Table 3.2 Recruitment, installation and trial periods of EDFôs trial 

Trial group name Recruitment Installation Trial 

Paper Oct 2007 ï Dec 2008 Jan 2008 ï Aug 2009 Jan 2009 ï Sep 2010 

Wall Panel Oct 2007 ï Dec 2008 Dec 2007 ï Dec 2009 Jan 2009 ï Sep 2010 

TV Oct 2007 ï Sep 2009 May 2008 ï Sep 2009 Sep 2009 ï Sep 2010 

Usage Reduction Alert (URA) Oct 2007 ï Dec 2008 Dec 2007 ï May 2009 Jan 2009 ï Sep 2010 

Time of Use Tariff (TOUT) Oct 2007 ï Dec 2008 Jun 2008 ï Dec 2009 Jan 2009 ï Sep 2010 

Heating controller (HEC) Oct 2007 ï Mar 2009 Feb 2008 ï Aug 2009 Mar 2009 ï Mar 2011 

Control Oct 2007 ï Dec 2008 Aug 2008 ï Apr 2009 Jan 2009 ï Sep 2010 

Web Oct 2007 ï Dec 2008 Jul 2008 ï Jan 2009 Jan 2009 ï Sep 2010 

3.2 E.ON 

3.2.1 Interventions 

Non-smart meter interventions 

E.ONôs trial tested the effects of four interventions. 

¶ Additional bill data: graphs on quarterly bills showing historic energy consumption information. 

¶ Energy efficiency advice: monthly tips sent by post. 

¶ Real time display: clip-on RTD showing current electricity use, cost, CO2 emissions and historic data. 

¶ Customer engagement: monthly request for customer to read meters and provide the reading to E.ON, so that 
E.ON could provide accurate bills (referred to as the ñHawthorneò group)

9
. 

                                                           

9
 Designating this as the Hawthorne group is misleading: self-reading meters (and providing accurate bills) potentially achieve 

more than simply communicating to customers that they are in a trial. 



AECOM Energy Demand Research Project: Final Analysis 18 

 

Capabilities on project: 

Building Engineering 

 

Smart meter interventions  

E.ONôs trial tested the effects of six interventions. 

¶ Smart meter. 

¶ Accurate billing and no meter reading visits. 

¶ Monthly bills. 

¶ Additional bill data: graphs on monthly bills showing historic energy consumption information. 

¶ Energy efficiency advice: monthly tips sent by post. 

¶ Real time display: mains RTD showing current electricity and gas use, cost, CO2 emissions and historic data, 
plus a ñtraffic lightò indicator of current consumption. 

3.2.2 Trial Groups 

The different trial groups are detailed in Table 3.3. There are nine main trial groups which are then differentiated 
depending on stratification of the sample by customer type. The different categories and fuel/payment types are 
defined further in the recruitment section.  

The control groups were combined together, in different ways, in the E.ON analysis to provide the best demographic 
match between controls and trial groups.  

The non-smart meter trial groups did not have a full factorial design but did combine the advice and RTD 
interventions in one trial group. In effect, the additional bill data became part of the intervention in all trial groups 
during the early part of the trial, when this became part of standard billing procedure (except in the control group). 
The customer engagement intervention was withdrawn before trial completion. 

Similarly, the smart meter trial groups did not have a full factorial design but added monthly bills, then advice, then 
RTDs to create groups with an increasing number of interventions. 

3.2.3 Recruitment 

Sampling frame and exclusions 

E.ON used its customer base in the Midlands (25%) and East Midlands (75%) to recruit to its trial. The East 
Midlands has a legacy of a large number of households with Economy 7 (E7) meters, not all of which are used for 
storage heating (i.e. not all E7 metered households used an E7 product).  

The sampling frame was limited to customers on standard, Age Concern or green tariffs. The following universal 
exclusions were applied. 

¶ Customers with unusual or complex meters.  

¶ Recent new builds with no consumption history and those with fewer than 2 actual meter reads in the last 12 
months.  

¶ Customers in other trials being run by E.ON. 

¶ Customers with a recent meter exchange.  

¶ Customers currently disputing a bill or where a warrant for non-payment was outstanding. 

Customers with prepayment meters were excluded from the smart trial groups.   
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Table 3.3 E.ON trial groups and installation rates 

Trial Group Code Interventions Stratum Fuel/payment type Number installed 

C
o

n
tr

o
l 

C1 

Control 

FP Std EO 1,358 

5,022 
C2 FP E7 EO 1,122 

C3 FP Std DF 1,555 

C4 FP E7 DF 987 

C5 NFP Std EO 681 

2,609 C6 NFP E7 EO 458 

C7 NFP Mixed DF 1,470 

C8 HUDF Mixed DF 2,443 

C9 E7 E7 EO 606 
1,271 

C10 E7 E7 DF 665 

C11 NFP E7 Mixed DF 2,251 

N
o
n

-s
m

a
rt

 m
e
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d
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a

ls
 TG1-FP 

¶ Additional bill data 
FP Std 754 

1,525 
TG1-NFP NFP Mixed 771 

TG2-FP ¶ Additional bill data  

¶ Energy efficiency advice 

FP Std 733 
1,510 

TG2-NFP NFP Mixed 777 

TG3-FP ¶ Self-reading of meters 

¶ Accurate billing 

¶ Additional bill data 

FP Std 743 

1,507 
TG3-NFP NFP Mixed 764 

TG4-FP ¶ Additional bill data  

¶ RTD 

FP Std 546 
1,101 

TG4-NFP NFP Mixed 555 

TG6-FP ¶ Additional bill data  

¶ Energy Efficiency Advice 

¶ RTD 

FP Std 592 

1,156 
TG6-NFP NFP Mixed 564 

S
m

a
rt

 m
e

te
re

d
 t

ri
a

ls
 

TG5-FPEO 

¶ Smart Meter 

¶ Accurate billing 

¶ Additional bill data 

FP Mixed EO 
782 

2,639 

TG5-FP FP Mixed DF 

TG5-NFP NFP Mixed DF 719 

TG5-HUDF HUDF Mixed DF 696 

TG5-E7 E7 E7 EO 442 

TG7-FPEO ¶ Smart Meter 

¶ Accurate billing 

¶ Monthly Bill 

¶ Additional bill data 

FP Mixed EO 
733 

1,436 
TG7-FP FP Mixed DF 

TG7-HUDF HUDF Mixed DF 703 

TG8-FPEO ¶ Smart Meter 

¶ Accurate billing 

¶ Monthly Bill 

¶ Additional bill data 

¶ Energy Efficiency Advice 

FP Mixed EO 
743 

1,456 

TG8-FP FP Mixed DF 

TG8-HUDF HUDF Mixed DF 713 

TG9-FP ¶ Smart Meter 

¶ Accurate billing 

¶ Monthly Bill 

¶ Additional bill data 

¶ Energy Efficiency Advice 

¶ RTD 

FP Mixed DF 706 

2,524 

TG9-NFP NFP Mixed DF 697 

TG9-HUDF HUDF Mixed DF 710 

TG9-E7 E7 E7 EO 411 

Total 28,450 

EO = Electricity only, DF = Dual fuel, HU = High baseline use, FP = óFuel poorô, NFP = óNot fuel poorô 
Std = Standard tariff, E7 = Economy 7, Mixed = Standard and E7 tariff. 
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Recruitment was randomised with no demographic stratification. However the groups themselves were stratified 
according to a four-fold categorisation of ófuel poorô (FP), ónot fuel poorô (NFP), high baseline use dual fuel 
customers (HUDF) and E7. These were defined as follows. 

¶ FP households were defined using CSEôs fuel poverty indicator. This indicator provides an estimate of the 
proportion of households in any output area that are fuel poor. E.ON sorted its households by postcode sector, 
identified the highest level of fuel poverty among the output areas in each postcode sector, ranked all postcode 
sectors according to these values, then selected the 25% of postcode sectors with the highest ranks as ófuel 
poorô. The NFP households were defined as the households in the remaining postcode sectors. This is a highly 
inaccurate method for identifying fuel poverty and most of the FP households will in fact not be in fuel poverty. 
For consistency with E.ONôs analysis, we have continued to use these trial codes though we note that they are 
not accurate descriptions. 

¶ HUDF households were defined as those consuming more than 7,000 kWh of electricity per year (around double 
the Ofgem domestic average). This was the only group where any consumption threshold was applied; a full 
range of consumption levels will be present in all other groups. 

¶ Households in the E7 group all have E7 meters. However these meters are also present in other groups. 

E.ON also divided smart meter groups according to whether households had an E.ON electricity-only account (who 
received electricity smart meters only) and households with E.ON dual fuel accounts (who received electricity and 
gas smart meters). Dual fuel households were included in all trial groups except the E7 groups. 

E.ON undertook CAMEO demographic profiling of its trial and control groups. Although there were prepayment 
customers in the non-smart trial groups, there were none in the control groups (or, as expected, the smart trial 
groups). As a result, E.ON removed the prepayment customers from the sample and developed a more complex 
specification of 11 control groups such that each household could be in more than one control group. 

At this point the classification of households in the E7 groups was also reviewed. Households were only retained in 
the two E7 smart meter trial groups if they used an E7 product as well as an E7 meter, i.e. they were users of 
Economy 7 heating. However this exclusion was not applied to the E7 control groups which continued to include 
households with E7 meters but not E7 products. 

Recruitment methods 

Recruitment took place between April 2007 and October 2007 for the non-smart meter trial groups, between 
February 2008 and August 2008 for the smart meter trial groups, and between April 2007 and April 2008 for the 
controls.  

Households in the non-smart meter trial groups were sent interventions as if this was business as usual. They were 
not invited to become part of a trial, nor were they aware that they were participating in a trial. However the 
households receiving the clip-on in-home display required an installer visit. These households were sent a letter 
informing them that the device was being given to them and that an installer would visit. Installers visited households 
without making prior appointments until trial quotas were filled. Consequently, although recruitment rates were 100% 
for the non-smart meter trial groups that received postal interventions only (graphs on bills and energy efficiency 
advice), they were lower for the non-smart meter households receiving the clip-on display, in part because access 
was not always possible or granted and in part because not all homes were suitable for the device (though reasons 
for installation failure were not logged by household).  

All the smart trial groups required the active opt-in of households. Letters were sent to households describing the 
benefits of the particular combination of interventions they were being offered. These letters stressed the limited 
availability of the offer and encouraged customers to call a freephone number to sign up. The letter did not tell 
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customers that they would be part of a trial. They subsequently supplemented this method with telephone calls to 
households that had received letters but not replied. As with the letters, these calls sought to persuade customers of 
the benefits of the interventions being offered. Among dual fuel households, 22% of booked smart meter installation 
appointments were gained through customers phoning in response to the letter; 78% were gained through the 
company phoning the customer (figures are not available for electricity-only households).  

Towards the end of the recruitment process, E.ON also used the reason of meter recertification as a means of 
persuading customers to agree to smart meter installation. This was not used as a recruitment filter but only as an 
additional argument to use with households that happened to have old meters.  

All E.ON control households were selected without the knowledge of the households and received no trial 
interventions. Table 3.3 includes the installation rates for E.ONôs trial. Table 3.4 shows the progress of the trial. 

Table 3.4 Recruitment, installation and trial periods of E.ONôs trial 

Trial Group  Recruitment Installation Trial 

Control All Apr 2007 ï Mar 2008 n/a Oct 2009 ï Jul 2010 

Non-smart meter 
trials 

TG1 

Apr 2007 ï Sept 2007 Apr 2007 ï Sept 2007 

Oct 2007 ï Sep 2009 

TG2 Oct 2007 ï Jul 2010 

TG3 Oct 2007 ï Sep 2009 

TG4 Oct 2007 ï Sep 2009 

TG6 Oct 2007 ï Jul 2010 

Smart meter trials All Feb 2008 ï Aug 2008 Feb 2008 ï Aug 2008 Aug 2008 ï Jul 2010 

 

The monthly energy efficiency tips were deployed in both non-smart and smart trials. However, the intervention was 
accidentally withdrawn for 12 months between August 2008 and July 2009. This means that the non-smart meter 
advice trials (TG2 & TG6), which started in October 2007, had an interruption in the intervention. The smart meter 
advice trials (TG8 & TG9), which started in August 2008, only received the full set of inventions measures a year 
later than intended.  

3.3 Scottish Power 

Scottish Powerôs trial was unique in EDRP in that the interventions were introduced in phases over time.  

3.3.1 Interventions  

Phase 1 (12 months) 

Phase 1 of the trial implemented interventions without smart meters. 

¶ Additional bill data: two mailings of year-on-year consumption history (number and footprint graphic) sent 
separately to actual bills. 

¶ Energy efficiency advice: seasonal energy advice. 

¶ Real time display: clip-on RTD showing current electricity use, cost, CO2 emissions and historic data. 
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Phase 2 (7 months)  

The following were implemented in Phase 2. 

¶ Smart meter. The groups provided with smart meters continued to have meter readers visiting and received 
estimated bills when readings were not available. 

¶ Reconfiguration of prepayment meters to provide higher granularity data by separately recording consumption in 
five periods of the day. 

¶ Additional bill data: advanced consumption history (more granular for credit customers, meter reading information 
gathered from customer transactions for prepayment customers) sent separate to actual bills. 

¶ Energy efficiency advice: seasonal energy advice. 

¶ Real time display: clip-on RTD retained by prepayment customers, showing current electricity use, cost, CO2 
emissions and historic data.  

¶ Real time display: mains RTD for credit customers showing current electricity and gas use, cost, CO2 emissions 
and historic data, plus a ñtraffic lightò indicator of current consumption. 

Phase 3 (15 months)  

The main change was the introduction of the ñGreen Challengeò financial incentives to reduce consumption in 
addition to the existing interventions in each of the trial groups. The challenge was spread over four ñWavesò, 
combining three main elements. 

¶ Incentive to reduce consumption: reward for quarter-on-quarter reduction in electricity consumption (all Waves).  

¶ Time of use: incentive to shift from peak period electricity consumption (in Wave 2). 

¶ Customer engagement: pledge to reduce gas consumption (in Wave 3). 

In more detail, the Green Challenge conditions were as follows 

¶ Wave1 (Nov 08 - Jan 09). £10 voucher for using less electricity than quarterly target, £5 for just missing.  

¶ Wave 2 (Feb - May 09). Main challenge was a £10 voucher for using less electricity than predicted. £5 to reduce 
peak time (early evening) consumption. 

¶ Wave 3 (Aug - Nov 09). Pre-challenge letter to TG1 and TG3 to encourage use of RTD. Letter about customer's 
average monthly spend in Jan-Jun 09. Main challenge was a £10 voucher for using less electricity than target. 
Gas Savings Pledge introduced "to make customers take action on their gas use in advance of the winter months 
approaching". The pledge was to: make regular checks on hot water and heating timer, adjusting according to 
"seasonality"; switch off boiler if away (only if there was no risk of "adverse temperatures"); and take a Scottish 
Power energy efficiency survey

10
. Those who made the pledge were entered into a prize draw for a £500 

voucher (with five £100 prizes for runners up), to purchase "low energy rated goods". The response rate to the 
pledge was 20%, which was said to be high for a Scottish Power mailing programme. 

¶ Wave 4 (Nov 09 - Jan 10). Main challenge was a £10 voucher for using less electricity than target, "noting that 
anyone with two or three challenges worth of sustained reduction in energy use would find the fourth challenge 
the toughest yet". Customers also sent a free thermometer and information on how to use it to save energy. 

Targets were based on customerôs individual consumption over past three months. Typical consumption 
upturn/downturn (based on seasonal variation for Scottish Power customers) was then used to calculate an 
estimated reading over next three months, with a 5% reduction to generate a óchallengeô figure. 

                                                           

10
 The survey was an online tool, accessible by all Scottish Power customers. 
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3.3.2 Trial Groups 

The different trial groups are detailed below, showing which interventions were included in which phase. 

Trial Group 1 (TG1) - Credit households 

¶ Phase 1: Additional bill data; energy efficiency advice; RTD (clip-on). 

¶ Phase 2: Smart meter; additional bill data; energy efficiency advice, RTD (mains).  

¶ Phase 3: As Phase 2 plus Green Challenge programme. 

Trial Group 2 (TG2) - Credit households 

¶ Phase 1: Additional bill data; energy efficiency advice. 

¶ Phase 2: Smart meter; additional bill data; energy efficiency advice. 

¶ Phase 3: As Phase 2 plus Green Challenge programme. 

Trial Group 3 (TG3) - Credit households 

¶ Phase 1: Not yet recruited into the study. 

¶ Phase 2: As TG1 but recruited part way through the phase. 

¶ Phase 3: As TG1. 

Trial Group 4 (TG4) - Prepayment households 

¶ Phase 1: Additional bill data; energy efficiency advice; RTD (clip-on). 

¶ Phase 2: Reconfigured prepayment meters; additional bill data; energy efficiency advice; RTD (clip-on). 

¶ Phase 3: As Phase 2 plus Green Challenge programme 

Trial Group 5 (TG5) - Prepayment households 

¶ Phase 1: Additional bill data; energy efficiency advice. 

¶ Phase 2: Reconfigured prepayment meters; additional bill data; energy efficiency advice. 

¶ Phase 3: As Phase 2 plus Green Challenge programme. 

Control Group 1 (CG1) - Credit households 

This group received business as usual Scottish Power services. 

Control Group 2 (CG2) - Prepayment households 

This group received business as usual Scottish Power services. 

3.3.3 Recruitment 

Sampling frame and exclusions 

Control and trial groups were sampled from Scottish Powerôs customer base in the Greater Glasgow and 
Lanarkshire areas.  

For the credit households, the following criteria had to be met. 

¶ Both electricity and gas supplied by Scottish Power, and not paid for by prepayment, for more than 2 years.  
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¶ Same customer details for premises for last 2 years.  

¶ Single rate tariff.  

¶ No meter exchange or replacement in past 2 years.  

¶ A history of valid actual meter reads over the last four cyclic visits for both electricity and gas. 

For the prepayment households, the following criteria had to be met. 

¶ Customer has prepayment key meter for electricity (gas could be either credit or prepayment meter). 

¶ Both electricity and gas supplied by Scottish Power for more than 2 years.  

¶ Meter reads and dates for each payment transaction from Jan 2006 to present. 

¶ Date of key meter installation no later than Dec 2006.  

¶ Same customer details at premises for last 2 years.  

¶ Single rate tariff.  

¶ For gas credit meters, a history of valid actual cyclic reads.  

¶ Customers paying back debt for electricity, not necessarily for gas.  

Selected households were ordered by level of annual consumption and sampling to all groups was balanced by this 
ranking. There was no demographic stratification but analysis with the Mosaic classification indicated a close match 
between trial and control groups. 

Recruitment methods 

Households participating in Scottish Powerôs trials were treated, as far as possible, as óbusiness as usualô 
customers. They did not know that they were participating in a trial and they had no opportunity to accept or refuse 
postal interventions. However the installation of the clip-on displays required both suitable wiring at the meter and 
customer consent. 

¶ In Trial Group 1, the RTD (clip-on) was offered to customers during a ónormalô cyclic meter read visit, without pre-
warning. Of the dwellings visited, 42% were deemed to be unsuitable for a clip-on display and in 30% customers 
refused to have a display. 

¶ In Trial Group 4, a letter was sent to prepayment customers offering them a RTD (clip-on). This letter was itself 
an intervention as it included ócommon sense energy adviceô. Customers did not have to reply as all were visited 
by installers and offered the device; 22% of customers refused it.  

Smart meter installations in Phase 2 were treated as normal meter replacements. Households in Trial Groups 1 and 
3 also received a mains RTD at this point. For households in Trial Group 1, this was presented as part of the 
package of their upgrade. For households in Trial Group 3, who were joining the trials at this point and had not had 
the prior experience of the clip-on meter, Scottish Power made a more active offer. They were sent a letter offering 
them the smart meter (including RTD) and highlighting its benefits. However, as only around 6% of customers 
responded to this letter, the company then proceeded to telephone customers who had been sent the letter, 
explaining the benefits of the meter and encouraging them to consider the offer ï though the company states that 
they did not actively persuade customers to sign up. 

Despite the óbusiness as usualô approach, many of the credit households recruited for Phase 1 did not go forward to 
Phase 2. The principal reasons for this were (a) they could not be contacted, and (b) they refused the upgrade or 
could not be upgraded. As this depleted the trial groups, which were also depleted from customers leaving the trials 
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due to changes in supplier, Scottish Power ótopped upô these groups with new households. This means that, strictly, 
Trial Groups 1 and 2 are subdivided into subgroups which did and did not experience Phase 1.  

Details of participant numbers in each trial group are shown in Table 3.5. Table 3.6 shows the progress of the trial.  

Table 3.5 Scottish Power installation rates 

 TG1  TG2 TG3 TG4 TG5 CG1 CG2 Total 

Phase 1 Start of Phase  395 400 0 408 400 400 400 2,403 

Phase 2 
Top up of participants 100 118 317 0 0 60 30  

Start of Phase 288 285 277 291 277 333 316 2,067 

Phase 3 Start of Phase 275 261 250 249 250 314 294 1,946 

 

Table 3.6 Recruitment, installation and trial periods of Scottish Powerôs trial 

Trial 
Group 

Recruitment Installation 
Trial Phase 

 

TG1 Apr 2007 ï May 2007 

Topped up Jul/Aug 2008 
for Phase 2 

Apr 2007 ï May 2007 for Phase 1 

Apr 2008 ï Aug 2008 for Phase 2 

 

 

Phase 1: Apr 2007 ï Mar 2008 

 

Phase 2: Apr 2008 ï Oct 2008 

 

Phase 3: Nov 2008 ï Jan 2010 

 

The exception is TG3 which was not 
included in Phase 1 and began Phase 
2 in June 2008. 

TG2 Apr 2007 ï May 2007 

Topped up Jul/Aug 2008 
for Phase 2 

Apr 2007 ï May 2007 for Phase 1 

Apr 2008 ï Aug 2008 for Phase 2 

 

TG3 Jun 2008 ï Jul 2008 Jun 2008 ï Aug 2008 

TG4 Apr 2007 ï May 2007 Apr 2007 ï May 2007 

Reconfigured meters Aug 2008 for Phase 2 

TG5 Apr 2007 ï May 2007 Apr 2007 ï May 2007 

Reconfigured meters Aug 2008 for Phase 2 

CG1 Apr 2007 ï May 2007 n/a 

CG2 Apr 2007 ï May 2007 n/a 

3.4 SSE 

Only the interventions with individual households are covered here. SSEôs community trials are described in 
Appendix D. 

3.4.1 Interventions  

Non-smart meter interventions 

SSE tested the effects of four interventions. 

¶ Additional bill data: graphs on quarterly bills showing historic energy consumption information. 

¶ Energy efficiency advice: an advice booklet sent by post and/or provided online. 

¶ Real time display: clip-on RTD showing current electricity use, cost, CO2 emissions and historic data. 

¶ Benchmarking: customerôs consumption compared with that of other households of comparable demographic 
group in the region. 
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Smart meter intervention 

SSE tested the effects of the following interventions applied in homes provided with a smart meter. 

¶ Smart meter. 

¶ Monthly bills. 

¶ Additional bill data: graphs on monthly bills showing historic and half-hourly energy consumption information. 

¶ Energy efficiency advice: an advice booklet sent by post and/or provided online. 

¶ Real time display: mains RTD showing current electricity and gas use, cost, CO2 emissions and historic data, 
plus (on one of the two models of RTD used) a ñtraffic lightò indicator of current consumption. 

¶ Time of use tariff: incentive to shift from peak period consumption (incentive applied to electricity consumption 
only). 

¶ Incentive to reduce consumption: reward of 5% of the bill (equivalent to the amount of VAT paid) for a 10% year-
on-year reduction in consumption (incentive applied to electricity consumption only). 

¶ Web information: personalised consumption history available online. 

The incentive to shift intervention was based on electricity tariffs varying with time of day, season and day of the 
week (weekday vs weekend). The peak period was 16:00-19:00, night period was 00:30-07:30 and off-peak period 
was 07:30-16:00 and 19:00-00:30. Low Season was March-October and the off-peak tariff was between 10.29 and 
10.88 pence per unit (excluding VAT), varying with region. The peak tariff was 180-190% of the off-peak tariff (for 
both weekdays and weekends) and the night tariff was 50-60%. High Season was November-February and the off-
peak tariff was between 10.87 and 11.46 pence per unit. The peak tariff was 180% of the off-peak tariff at weekends 
and 210% on weekdays; the night tariff was 50-60%. 

3.4.2 Trial Groups 

Compared to the other trials, SSEôs assessed more combinations of interventions, which are shown in Tables 3.7 
and 3.8. The groups are listed in an order to emphasise the partly factorial design, rather than the SSE trial number 
order. In addition, Trial Group 32 was a control group receiving business as usual services. 

Beyond these groups, customers were stratified according to whether they were Aware, Unaware or Committed to 
the trials (including the control group). In some trial conditions, only the Aware and Committed groups were used. 

¶ Committed: customers were aware of the trial and, in a signed statement to SSE, have said that they were 
committed to reducing energy. 

¶ Aware: customers were aware of the trial. 

¶ Unaware: customers were unaware that they were participating in a trial. 

All the trial groups referred to above pay by credit. In addition, Trial Group 31 (not shown in the tables) had a 
prepayment smart meter and wirelessly linked RTD powered from the mains. Trial Group 33 was the associated 
control group with standard prepayment meters and received business as usual services. These two groups were 
not stratified by their level of awareness.  
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Table 3.7 SSE non-smart trial groups 

Trial Group Booklet Clip-on RTD Quarterly bills with graphs Benchmarking 

4 V    

3  V 
 

 

1 V V  
 

5 V 
 

V 
 

2 V V V  

6 V  V V 

 

Table 3.8 SSE credit smart trial groups (all included smart meters and accurate billing) 

Trial Group
1
 Booklet 

Monthly bills 
with graphs 

Incentive to 
shift 

Incentive to 
reduce RTD 

Web 
information 

15       

16  V V    

17  V  V   

18  V V V   

27     V  

28   V  V  

29    V V  

30   V V V  

11 V V     

12 V V V    

13 V V  V   

14 V V V V   

23 V V   V  

24 V V V  V  

25 V V  V V  

26 V V V V V  

10 V V    V 

7 V V V   V 

8 V V  V  V 

9 V V V V  V 

22 V V   V V 

19 V V V  V V 

20 V V  V V V 

21 V V V V V V 

1
 The groups are listed in an order to emphasise the partly factorial design, rather than the SSE trial number order. Trial Group 

15 only had smart meters and none of the intervention measures itemised in the table.
 



AECOM Energy Demand Research Project: Final Analysis 28 

 

Capabilities on project: 

Building Engineering 

 

3.4.3 Recruitment 

Sampling frame and exclusions 

SSE used its national customer base as its sampling frame. An initial 1.4 million customers were selected as 
potential candidates on the basis of (a) having single rate electricity tariffs and (b) having good consumption records 
(4 actual reads over the past 2 years).  

Prospective candidate lists for each trial were prepared from this customer base using a dual stratification of Mosaic 
group (a classification of households into different demographic groups) and fuel mix (electricity only or dual fuel). 
The selection according to Mosaic group was designed to ensure that all trial and control groups had similar 
demographic profiles, as far as possible. However, as each Mosaic class was given equal weight in this profiling, the 
groups are not directly representative of the GB population, which has an uneven Mosaic profile.  

Payment type was also used as a selection variable, not for stratification but to distinguish credit and prepayment 
trial groups. The prepayment trials were not subject to this Mosaic stratification because the demographic profile of 
prepayment households is known to be highly skewed. 

The actual selection of households for each of the trial groups was iterative with some trial groups selected before 
others. Technology-dependent projects (those with smart meters) were recruited in areas close to selected depots 
where installers had been trained.  

Recruitment methods 

SSE used different recruitment methods for each of its subgroups of Unaware, Aware and Committed customers. 
Initially the approach was as follows. 

¶ Unaware customers were sent non-smart interventions, including the clip-on display, without prior warning or 
consent. The installation of smart meters took the same form as a standard meter change and supplementary 
interventions followed, again without prior notice. 

¶ Aware customers were actively recruited to a trial but not told about the specific technology they would get. 
Customers were sent a letter with a recruitment questionnaire. 

¶ Committed customers were sent a letter and questionnaire, plus a postcard, pledging to try and save energy, 
which they could sign and return.  

The initial recruitment rates for the Aware and Committed groups were between 3% and 10%. A sample of 
customers who had received letters was telephoned to identify their reasons for not responding. The recruitment 
survey was identified as a key reason for this refusal rate with the length and complexity of the questionnaire and 
the income question deterring people. ñA very large numberò of customers also said they were simply not interested. 
Other reasons for refusal included being elderly, multi-occupancy households, little energy usage, moving house or 
supplier, and changing meter type. 

Various changes were made to the recruitment methods to address these problems. 

¶ Withdrawing the recruitment questionnaire. 

¶ Changing the correspondence, including the addition of a two-week deadline in a revised letter for prospective 
Committed trialists. 

¶ Systematically following up letters with telephone calls. 

¶ Latterly, accepting a statement of commitment from customers by telephone rather than a written commitment. 
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Some of the households on the Aware prospective lists were telephoned and asked if they would commit to saving 
energy, boosting the Committed group recruitment. But most of the Aware households were not asked about their 
level of commitment. Households on the Committed prospective lists were switched to the Aware groups if they 
chose not to make the commitment. 

Table 3.9 summarises the number of installations for SSEôs trial. Table 3.10 illustrates the timetable for this trial.  

Table 3.9 The number of households with different meter types 

Trials Installed 

Non-smart meters 15,239 

Credit smart meters 6,670 

Prepayment smart meters 436 

Controls 5,542 

Total 27,887 

Table 3.10 Recruitment, installation and trial periods of SSEôs trial 

Trial Group Number Recruitment Installation Trial 

Non-smart 
meter trials 

1,2,3 Apr 2007 ï Oct 2007 Apr 2007 ï Oct 2007 Nov 2007 ï Sep 2010 

4,5,6 Apr 2007 ï Oct 2007 Apr 2007 ï Oct 2007 Dec 2007 ï Sep 2010 

Smart meter 
trials 

17-31 Apr 2007 ï Sep 2008 Apr 2007 ï Sep 2008 Nov 2008 ï Sep 2010
1
 

Controls 32,33 Apr 2007 ï Oct 2007 Apr 2007 ï Oct 2007 Nov 2007 ï Sep 2010 

1
 For trials with either incentive to reduce or incentive to shift, Sep 2009 ï Sep 2010. 
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This section presents AECOMôs analysis of both the energy consumption data and the consumer survey data from 
EDF. The summary at the end brings together findings from EDFôs and AECOMôs analysis. Appendix B1 
summarises the issues that need to be considered, related to the research design and execution, when interpreting 
or applying the findings. 

4.1 Energy Consumption Data 

4.1.1 Introduction 

The original analysis by EDF did not use any pretrial energy consumption data as a baseline to assess the 
intervention measures: this was the single greatest concern for the findings reported by EDF. We are grateful to 
EDF for supplying the baseline data for electricity consumption. This allowed us to undertake new analysis to 
assess the change between pretrial and in-trial energy consumption. As pretrial data were only available for 
electricity, no further analysis of gas consumption was undertaken. 

The approach taken was to assess change from a whole year of pretrial readings to a whole year of in-trial readings. 
We would have preferred to analyse the change in electricity consumption between pretrial and in-trial periods at 
different times of the year as the impact of the interventions may vary according to the time of year and time from 
start of intervention. However, the pretrial data are based on manually read non-smart meter data. As noted in 
Section 3.1, the criteria for recruiting homes only required them to have two readings in the 12 month period up to 
the start of the trial. Given the variation in electricity consumption between seasons, it was considered too 
inaccurate to use this information to interpolate monthly or even quarterly pretrial electricity consumption levels.  

On behalf of Ofgem, the Centre for Sustainable Energy (CSE) has developed a database to collate the energy 
suppliersô data as well as carrying out validation checks. CSE provided AECOM with appropriately aggregated and 
formatted data for use in its analysis. The new EDF pretrial data were sent to CSE to be prepared in a similar way to 
the other data. 

The electricity data were provided in three formats: 

¶ raw energy consumption data; 

¶ weather-adjusted energy consumption data: takes into account variations in weather conditions for the same day 
between different years; 

¶ weather-adjusted and time-corrected energy consumption data: takes into account of weather variations both 
between years and for different days within a given year). 

The weather-adjusted data were considered more useful for the analysis than the raw data. The analyses compared 
electricity consumption across different years (i.e. between pretrial and in-trial time periods). This correction 
adjusted for the different weather conditions between years which may impact on electricity consumption. The time-
correction factor was not used as the analysis was undertaken on annual electricity consumption. Previous work by 
Ofgem, CSE and the energy suppliers had investigated the robustness of the correction factors, which was therefore 
not investigated further in this work. 

Two types of smart meter electricity consumption data were provided: 

¶ half-hourly consumption data; 

¶ actual remote meter readings (typically weekly). 

The latter were used for most of the analysis. This was appropriate as the data were aggregated over a year-long 
period for the analysis ï hence there was no value in using half-hourly data. Furthermore, where half-hourly data are 

4 Analysis of EDF data 



AECOM Energy Demand Research Project: Final Analysis 31 

 

Capabilities on project: 

Building Engineering 

 

missing, an estimate is needed for the consumption during the missing period. At the start of the trial, there were 
several quarter periods where high numbers of households had percentages of missing data which fell outside an 
acceptable threshold (greater than 10% of electricity consumption data were missing).  

The electricity consumption data provided to AECOM were aggregated into quarterly periods, and these needed to 
be further aggregated into yearly periods for each household.  

¶ The pretrial year comprised the four quarters before the quarter in which the meter was installed.  

¶ The first in-trial year comprised the four quarters after the quarter in which the meter was installed.  

¶ The quarter in which the meter was installed was omitted from the analysis as electricity usage in that quarter 
would include usage both before and after the trial conditions began. 

Initial examination of the distributions of the weather-corrected electricity consumption data in the pretrial year and 
in-trial years showed that the data did not follow a normal distribution (i.e. a bell shaped curve). Similarly, the 
changes in electricity consumption from pretrial to in-trial years were not normally distributed (nor were log 
transformations of the data). In all cases, the distributions were discovered to be leptokurtic

11
 and influenced by 

extreme deviations from the mean. A multivariate modelling strategy had been the planned approach to the 
analysis, in which it would have been possible to assess separately the impact of different interventions (and other 
variables, as identified in Chapter 3) on the change in electricity consumption. Although some departure from 
normality is acceptable if classical modelling techniques are to be used, the data here were substantially different 
from that which would usually be acceptable. Modelling approaches that avoid having to assume normality would 
require the investment of considerable additional time, which was not available.  

As a result, the analysis focused on using ónon-parametricô methods, which make no assumption about the data 
distribution and are therefore suitable for robust analysis of the data in this trial. In keeping with this, medians are 
reported, rather than the usual arithmetic means, to indicate the average response to the interventions.  

For analysis of consumption at different times of day (to examine load-shifting effects), half-hourly consumption data 
were aggregated to each tariff period. 

4.1.2 Analysis methods 

Changes in Electricity Consumption 

There is a danger that households with unusually high or low consumption levels and changes in consumption will 
bias the calculation of summary statistics. Rather than use arbitrary methods to exclude households from the 
analyses, we overcame this by using the non-parametric Mann-Whitney U test to test differences between groups, 
and reporting median consumption and changes in consumption. The use of non-parametric techniques is 
advantageous for reasons beyond not having to assume that the data are normally distributed: such techniques are 
less sensitive to outliers than parametric techniques and, although care has been taken to avoid errors in the data 
preparation, it is impossible to be definitive that there are no figures that are larger or smaller than they should be. 
The robust analysis reported here reduces the impact of such problems on the results obtained. 

                                                           

11
 Leptokurtic distributions are pointed and narrow in the centre, rather than the rounded ónormalô distribution. 
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A series of analyses was undertaken comparing pairs of trial groups as in Table 4.1. The subscripts óEOô and óDFô 
refer to EDF customers who were óelectricity-onlyô and ódual fuelô respectively. The trial groups are described in 
Section 3.1 (Table 3.1). 

¶ For most of the analyses, trial groups are compared with their control groups.  

¶ Analyses 11-13 instead assess differences between selected trial groups, in particular to compare the Wall Panel 
group with URA, TOUT and HEC respectively (each of which also had an RTD but with a different additional 
intervention in each case). 

¶ Analyses 14-16 merged groups that had the same intervention and differed only in whether EDF supplied them 
with electricity only or both electricity and gas (dual fuel groups). 

EDFôs own analysis did not consider the impact of whether the household was supplied with electricity only or gas 
and electricity. Furthermore, it solely compared trial groups with their control groups. 

For each pair of trial groups listed in Table 4.1, the Mann-Whitney U test was used to compare groups on: 

¶ pretrial electricity consumption;  

¶ the change in electricity consumption from pretrial to the first in-trial year; 

¶ the change in electricity consumption from pretrial to the second in-trial year. 

Table 4.1 Trial groups compared in analysis of EDF electricity consumption 

Analysis Groups to be compared 

 (i) (ii) 

1 PaperEO ControlEO 

2 PaperDF ControlDF 

3 Wall PanelEO ControlEO 

4 Wall PanelDF ControlDF 

5 TVEO ControlEO 

6 TVDF ControlDF 

7 URA ControlEO 

8 TOUT ControlEO 

9 HEC ControlDF 

10 Web ControlDF 

11 URA Wall PanelEO 

12 TOUT Wall PanelEO 

13 HEC Wall PanelDF 

14 PaperEO+DF ControlEO+DF 

15 Wall PanelEO+DF ControlEO+DF 

16 TVEO+DF ControlEO+DF 
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Changes in time of use of electricity 

The main reason for the time of use tariff (TOUT) intervention was to see if having a price tariff that varied 
depending on time of day caused the proportion of electricity used in the peak period to be reduced. In order to 
examine whether this took place, trial group TOUT was compared with the trial group having just an RTD (Wall 
PanelEO), and with the control group (ControlEO).  

Only in-trial data could be used for this analysis because it requires data from smart meters, broken down by time of 
day. For each household, electricity consumption data were aggregated over successive 28 day periods for each of 
the four tariff periods. Furthermore, the data were separated by weekdays and weekends to investigate differences 
in behaviour between the two periods.  

This analysis was based on using half-hourly electricity consumption data. As discussed earlier, there can be 
missing data (e.g. due to faults in data transmission between the smart meter and supplier) and estimates need to 
be made for the electricity consumption during that 28-day period. Where substantial amounts of data are missing, it 
is not advisable to make adjustments because of the high uncertainty surrounding the estimate. For the vast 
majority of households, there were no missing data. It was ascertained that making adjustments for situations when 
some data were missing (but limiting it to cases where less than 10% of data were missing to reduce uncertainties) 
would make only a marginal difference to the number of households available for analysis and therefore these 
households were not used.  

For each 28-day period, the proportion of the electricity consumption that had been used during the peak period was 
calculated separately for weekdays and weekend. The distribution of the logarithm of these proportions was 
sufficiently normally distributed for a modelling exercise to be undertaken. As these data form a hierarchy of each 
household having a set of 28 day periods, it was considered appropriate to undertake multi-level modelling.  

As well as including the three trial groups in the modelling process, a set of potentially confounding variables (i.e. 
variables that might affect the consumption level or pattern) was also included: 

¶ electricity distribution area (London or rest of south-east England); 

¶ ACORN category (a demographic measure); 

¶ type of heating (electric fires/fan heaters; electric storage heating; gas central heating; gas fires/room heaters; 
paraffin/oil heaters; no heating); 

¶ whether or not the household had a programmer to control the heating; 

¶ number of people in the household (in three age categories: under 16, 16-64, and 65 and over).
12

 

These variables were selected because they were available from information known by EDF about the household 
location and from the brief recruitment survey undertaken by EDF. 

In order to be recruited for TOUT, a household had to have a ómediumô level of pretrial electricity consumption. 
However, households in Wall PanelEO and ControlEO did not have such a restriction and information was not 
available to duplicate the filtering process used for TOUT. To assess whether it was inappropriate to compare 
groups, an analysis of the consumption patterns in ControlEO was undertaken. Splitting the households in ControlEO 
into equal thirds according to the pretrial consumption values that had been obtained, the proportion of electricity 
consumption in the peak tariff period was examined (using multi-level modelling) in order to see if it was affected by 
pretrial consumption level. For both the weekday and weekend peaks, the pretrial consumption level did not affect 

                                                           

12
 The age bands have been cited differently (by a year on either side) in different sources but these are the age bands in the 

EDF survey questionnaire itself. 
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the proportion of consumption falling in the peak period. The decision was therefore made that it was appropriate to 
proceed with the analysis without regard to the pretrial consumption limitation. 

4.1.3 Results 

Annual consumption 

Summary statistics are presented in Appendix E1.
13

 

¶ Median electricity consumption values for each trial group for the pretrial year, in-trial year 1 and in-trial year 2 
are given in Table E1.1.  

¶ The differences in electricity consumption between pretrial and in-trial year 1 and between pretrial and in-trial 
year 2 are given in Table E1.2. 

The trial groups to be compared were first assessed using Mann-Whitney U tests to see if they differed in their 
electricity consumption during the pretrial year (see Table E1.3 for full details). None of the pairs of groups had 
significantly different consumption in the pretrial year. This means there is unlikely to be bias in the analysis of 
changes in consumption due to the pairs of groups starting from differing baseline conditions. Nevertheless, it is 
appropriate to take into account pretrial consumption in the analysis of effects of interventions as non-significant 
pretrial differences are still relevant in the analyses. 

The trial group pairs (as shown in Table 4.1) were then compared to determine whether they differed in the change 
in consumption from the pretrial year to in-trial year 1. The results of the Mann-Whitney U tests are given in Table 
E1.4 and summarised in Table 4.2. The p-value represents the confidence in the finding (a value of less that 0.05 is 
generally accepted as an indication that we should be confident in the finding). It should be noted that the number of 
households with valid data differs from trial group to trial group and that, in particular, trial groups TVEO and TOUT 
do not have sufficient data for a meaningful analysis to be done. 

A similar analysis was also carried out to compare differences in energy consumption between pretrial and in-trial 
year 2. The results of the Mann-Whitney U tests are given in the Table E1.5 and summarised in Table 4.3. There 
are now more trial groups with insufficient households for a meaningful analysis to take place. 

                                                           

13
 The number of households with valid data differs between the pretrial year and in-trial years. Our comparison between pretrial 

and in-trial consumption used only those households with valid data in both comparison years. For this reason, the differences 
determined in the analysis should not be compared with the differences between medians in the Appendix E tables, which are 
based on all households with data in the particular year only. There are several reasons for differences in the number of 
households with valid data between years. For example, sufficient pretrial data were not available for all households in the trial 
groups and some households were recruited too late into the trial to have a complete second year of in-trial data. Households 
that left the study for whatever reason during the trial have been omitted from the data. 
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Table 4.2 Comparisons of changes in electricity consumption from pretrial to in-trial year 1 

Group (i) 

Median % 
change in 

consumption Group (ii) 

Median % 
change in 

consumption 

Difference in % change in 
consumption 

Group (i) - Group (ii) 

p-value from 

Mann-Whitney 

PaperEO -3.0% ControlEO -2.1% -0.9% 0.325 

PaperDF -6.2% ControlDF -1.6% -4.6% 0.025* 

Wall PanelEO -9.3% ControlEO -2.1% -7.2% 0.007** 

Wall PanelDF -2.6% ControlDF -1.6% -1.0% 0.980 

TVEO -5.6% ControlEO -2.1% -3.5% 0.383 

TVDF -5.6% ControlDF -1.6% -4.0% 0.618 

URA -9.4% ControlEO -2.1% -7.3% 0.011* 

TOUT -14.9% ControlEO -2.1% -12.8% 0.221 

HEC -3.3% ControlDF -1.6% -1.7% 0.339 

Web -2.6% ControlDF -1.6% -1.0% 0.322 

URA -9.4% Wall PanelEO -9.3% -0.1% 0.757 

TOUT -14.9% Wall PanelEO -9.3% -5.6% 0.693 

HEC -3.3% Wall PanelDF -2.6% -0.7% 0.464 

PaperEO+DF -4.1% ControlEO+DF -1.8% -2.30% 0.020* 

Wall PanelEO+DF -5.8% ControlEO+DF -1.8% -4.0% 0.047* 

TVEO+DF -5.6% ControlEO+DF -1.8% -3.8% 0.250 

* p<0.05; ** p<0.01 Grey text means sample numbers were small. 

 

Table 4.3 Comparisons of changes in electricity consumption from pretrial to in-trial year 2 

Group (i) 

Median % 
change in 

consumption Group (ii) 

Median % 
change in 

consumption 

Difference in % change in 
consumption 

Group (i) - Group (ii) 

p-value from 

Mann-Whitney 

PaperEO -8.9% ControlEO -3.9% -5.0% 0.045* 

PaperDF -10.1% ControlDF -7.7% -2.4% 0.029* 

Wall PanelEO -14.9% ControlEO -3.9% -11.0% 0.004** 

Wall PanelDF -9.1% ControlDF -7.7% -1.4% 0.871 

TVEO n/a ControlEO -3.9% n/a n/a 

TVDF n/a ControlDF -7.7% n/a n/a 

URA -15.2% ControlEO -3.9% -11.3% 0.427 

TOUT -9.7% ControlEO -3.9% -5.8% 0.886 

HEC n/a ControlDF -7.7% n/a n/a 

Web n/a ControlDF -7.7% n/a n/a 

URA -15.2% Wall PanelEO -14.9% -0.3% 0.531 

TOUT -9.7% Wall PanelEO -14.9% 5.2% 0.210 

HEC n/a Wall PanelDF -9.1% n/a n/a 

PaperEO+DF -9.5% ControlEO+DF -5.5% -4.0% 0.004** 

Wall PanelEO+DF -11.3% ControlEO+DF -5.5% -5.8% 0.061~ 

TVEO+DF n/a ControlEO+DF -5.5% n/a n/a 

~ p<0.1; * p<0.05; ** p<0.01  Grey text means sample numbers were zero or small. 
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There are several group comparisons where, at the 5% level of significance (p<0.05), we have sufficient evidence to 
make the following claims. 

¶ PaperEO (electricity-only customers with additional bill data and energy efficiency advice by post in addition to a 
smart meter) show greater reductions in consumption than ControlEO (electricity-only customers with just a smart 
meter). This finding is significant only for in-trial year 2. It must be borne in mind that the PaperEO households 
involved in the pretrial to in-trial year 2 analysis are those that were recruited sufficiently early for them to have a 
complete set of data for in-trial year 2. It is possible that these households were recruited easily because they are 
inherently more committed to reducing electricity consumption than is typical for all households in PaperEO and 
this is why a significant effect is shown. It is also possible, given that the p-value for this comparison is 0.045, 
quite near the 0.05 cut-off for claiming significance at this level, that the significant finding is an anomaly. One 
would expect 1 in 20 (5%) of tests to give a significant result (p<0.05) even if there were no differences between 
any of the groups and it is important to bear this in mind when interpreting the results of a substantial number of 
analyses. 

¶ PaperDF (dual fuel customers with additional bill data and energy efficiency advice by post in addition to a smart 
meter) show greater reductions in consumption than ControlDF (dual fuel customers with just a smart meter). This 
finding is persistent across both trial years. 

¶ PaperEO+DF (electricity-only and dual fuel customers with additional bill data and energy efficiency advice by post 
in addition to a smart meter) show greater reductions in consumption than ControlEO+DF (electricity-only and dual 
fuel customers with just a smart meter). This finding is persistent across both trial years. 

¶ Wall PanelEO (electricity-only customers with an RTD and energy efficiency advice by RTD in addition to a smart 
meter) show greater reductions in consumption than ControlEO (electricity-only customers with just a smart 
meter). This finding is persistent across both trial years. 

¶ Wall PanelEO+DF (electricity-only and dual fuel customers with an RTD and energy efficiency advice by RTD in 
addition to a smart meter) show greater reductions in consumption than ControlEO+DF (electricity-only and dual 
fuel customers with just a smart meter). This finding is persistent across both trial years, although only at a 10% 
level of significance for in-trial year 2. 

¶ URA (electricity-only customers with a real time display RTD, energy efficiency advice by RTD and usage 
reduction alert in addition to a smart meter) show greater reductions in consumption than ControlEO (electricity-
only customers with just a smart meter). This is only significant for in-trial year 1. This could be due to the very 
small number of households in URA for in-trial year 2 and thus insufficient data to identify a difference rather than 
a difference not existing (in fact, the difference in medians was greater in year 2). 

EDF found the following significant differences in their analysis compared the control group (see Appendix A1): 

¶ significantly lower in Paper (by 0.7%), Wall Panel (by 1.1%) and TOUT (by 1.5%); 

¶ significantly higher in TV (by 8.4%), HEC (by 13.2%) and Web (by 14.1%); 

¶ not significantly different in URA. 

It seems that the differences not seen in the comparison with pretrial consumption are attributable to differences that 
existed before the interventions were introduced. The exception may be TOUT, where Table 4.2 shows a large 
difference in consumption that is not significant because of small samples size. 

Time of Use Analysis 

Table 4.4 shows the proportion of consumption that occurred in the weekday and weekend peak for each of the 
three trial groups. This suggests that, although there may be a difference in the proportion for the weekend, this may 
not exist for weekdays but this was subject to statistical testing, as described below. The differences reported in this 
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section are significant at the 5% level of significance (p<0.05) unless stated otherwise. These differences are 
ñpredictedò by the model, using all levels of each independent variable rather than being based on the mean for 
each level. Hence, for example, the effect of number of people in the household is presented as though each extra 
person has the same effect. 

Table 4.4 Summary statistics for proportion of consumption in peak periods 

  TOUT Wall PanelEO ControlEO 

Proportion of 
consumption in 
weekday peak period 

Households with valid data 170 141 135 

Mean 20% 20% 20% 

Minimum 12% 13% 13% 

Maximum 33% 34% 42% 

Proportion of 
consumption in 
weekend peak period 

Households with valid data 170 141 135 

Mean 18% 19% 19% 

Minimum 12% 11% 12% 

Maximum 32% 27% 31% 

 

Weekdays 

In the multilevel modelling analysis of the proportion of weekday electricity consumption in the peak period, the 
following effects were observed.  

The finding of greatest relevance here is that it appears to become more difficult to manage electricity use out of the 
peak period as the number of people in the household increases. Differences between trial groups TOUT and 
ControlEO depend on the number of people in the household aged 16 to 64. The results are presented in Figure 4.1, 
which shows the relative proportion of consumption in the peak period between TOUT and ControlEO. For example, 
a figure of 90% means that the proportion of consumption in the peak period in TOUT is only 90% of that in 
ControlEO. This percentage increases by 3.9% per additional person. The analysis indicates a benefit from using the 
time of use tariff when there are two or fewer people in the household in this age-range but a disbenefit when there 
are three or more householders in this age group. While it is unsurprising that the benefit depends on the number of 
people in this household, this could be key information for targeting time of use tariffs most effectively. 

There is no overall significant difference between trial groups at the 5% level but the proportion of consumption in 
the peak period in TOUT is 95.6% of that in Wall PanelEO (effect significant at the 10% level). 

In addition to the effects of trial group, significant effects were observed for other variables. 

¶ For each additional person aged 16 to 64 in Wall PanelEO and TOUT, the proportion of consumption in the peak 
period increases by 4.3%. The interaction effect between the number of people aged 16 to 64 and ControlEO is 
reported above.  

¶ For each additional person aged under 16 in the household, the proportion of consumption in the peak period 
increases by 3.7%.  

¶ Households in south-east England have a proportion of consumption in the peak period 5.4% higher than those 
in London. 

¶ The type of heating used makes a difference to the proportion of consumption in the peak period. Those that 
have paraffin/oil heaters or no recorded heating have a larger proportion of their consumption in the peak period 
than households heated by gas or electricity. The effect for no recorded heating is significant at the 10% level of 
significance. 
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There was no significant effect of the number of people aged 65 and over, ACORN code or whether the household 
has a heating programmer. 

Figure 4.1 Interaction of TOUT and ControlEO with the number of people in the household aged 16 to 64
14

 

 

Weekends 

In the multilevel modelling analysis of the proportion of weekend electricity consumption in the peak period, the 
following effects were observed.  

Again the finding of greatest relevance is that it appears to become more difficult to manage electricity use out of the 
peak period as the number of people in the household aged 16 to 64 increases. The results are presented in 
Figure 4.1, which shows the relative proportion of consumption in the peak period between TOUT and ControlEO. 
This percentage increases at 4.2% per additional person. The analysis indicates a benefit from using the time of use 
tariff when there are two or fewer people in the household in this age-range but a disbenefit when there are more 
than three householders in this age group. With three householders, the effect is neutral or very modestly positive. 

There is no overall significant difference between trial groups Wall PanelEO and ControlEO but TOUT has a 
proportion of consumption in the peak period 91.9% of that in Wall PanelEO, indicating a stronger overall impact of 
TOUT at weekends than on weekdays (p<0.05). 

In addition to the effects of trial group, significant effects were observed for other variables. 

¶ For each additional person aged under 16 in the household, the proportion of consumption in the peak period 
increases by 2.1%.  

¶ For each additional person aged 16 to 64 in trial groups Wall PanelEO and TOUT, the proportion of consumption 
in the peak period increases by 4.8%. The interaction effect between the number of people aged 16 to 64 and 
ControlEO is reported above.  

                                                           

14
 There are fewer large households so the apparent negative impact of the tariff on households of more than three people may 

be an artefact of modelling based mainly on small households. 
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¶ There is an interaction between location (south-east England or London) and the type of heating used.  

o Households in south-east England with electric fires have a proportion of consumption in the peak period 
79.6% higher than those in London.  

o Households in south-east England with gas fires/room heaters have a proportion of consumption in the peak 
period 20.3% less than those in London.  

o For other types of household heating, households in south-east England have a proportion of consumption 
in the peak period 6.4% higher than those in London.  

o Those that have paraffin/oil heaters or no recorded heating have a larger proportion of their consumption in 
the peak period than those households heated by gas or electricity. 

o Those households with electric storage heaters have a smaller proportion of their consumption in the peak 
period than those heated by gas. 

There was no significant effect of the number of people aged 65 and over, ACORN code or whether the household 
has a heating programmer. 

4.2 Survey Data 

4.2.1 Rationale for analyses carried out 

In the final consumer survey, EDF collected data from the majority of participants. The scope of the survey was 
restricted as a result of the priority of achieving a high response rate. Here we report on the responses obtained to a 
selection of the questions asked. The reasons behind the choice of questions to analyse are listed below. 

¶ Questions were chosen to be analysed where further investigations could usefully add to those analyses already 
undertaken by EDF. 

¶ Focus was put on understanding change in consumer behaviour and/or energy use. 

¶ In order for the conclusions drawn from the analyses to be robust, the questions chosen should not be unduly 
open to interpretation by respondents (e.g. because of their wording or because the response choices given for 
the questions were ambiguous). 

¶ It was important that questions chosen for analysis did not suffer from potential distortion by their position in the 
survey (e.g. because of questionnaire routing). Thus questions were only included where answers to earlier 
questions in the survey did not have the potential to distort responses. 

¶ In order for effective analyses to be undertaken, sufficient numbers of respondents had to exist. This often meant 
merging electricity-only and dual fuel customers. 

For the selected questions, the tables below show the responses given according to the trial group to which the 
respondent belonged. Trial groups are omitted from the analysis where the question did not apply to them (e.g. if the 
question was about RTDs and the group was not given RTDs). 

Chi-square tests were used to test whether or not the responses to the questions are independent of the trial group 
to which the respondents belonged. In some circumstances, response categories have been combined in order to 
have sufficient number of respondents in the cells of the table for the assumptions behind the chi-square test to be 
valid. Missing data (including responses such as ñdonôt knowò and ñrefuse to answerò) have been omitted except 
where they have a particular relevant interpretation.  
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In some cases, scale responses have been treated as interval scales for the purpose of further exploration of 
significant effects. The scale responses are generally not normally distributed so the analysis of variance (ANOVA) 
findings should be treated as indicative only, and a p-value is therefore not stated. 

4.2.2 Results 

Tabulations of the questions selected for analysis against trial group of respondent are shown below. The p-values 
that result from the chi-square tests are shown beneath the tables. Further comments are made where the p-value 
is less than 0.05 (indicating that there is sufficient evidence to reject the claim that the responses are independent of 
trial group at the 5% level of significance). 

Table 4.5 When was the loft insulation installed or last topped up? 

 
Trial Group 

 

 
PaperEO+DF Wall PanelEO+DF URA TOUT HEC ControlEO+DF Total 

In the last two years 26.7% 28.9% 20.2% 25.3% 18.5% 17.2% 23.0% 

Longer ago 73.3% 71.1% 79.8% 74.7% 81.5% 82.8% 77.0% 

Total 100% (n=90) 100% (n=166) 100% (n=89) 100% (n=95) 100% (n=92) 100% (n=151) 100% (n=683) 

p = 0.129 

There appears to be some correspondence between a higher percentage of insulation during the past two years (i.e. 
the trial period) and two trial groups in which significant reductions in electricity consumption were seen (i.e. Paper 
and Wall Panel) and also TOUT, for which the impact on consumption could not be tested. However, this was not 
statistically significant. EDF presented findings on other actions (see Appendix A1.1) ï cavity wall insulation, double 
glazing, draughtproofing and fitting a new boiler. These variables were not available in our database. 

Table 4.6 Over the past two years, has the number of electrical appliances in use in your home decreased, 
increased or stayed the same? 

 
Trial Group 

 

 
PaperEO+DF Wall PanelEO+DF URA TOUT HEC ControlEO+DF Total 

Increased 15.5% 14.4% 21.9% 15.7% 22.7% 20.6% 18.2% 

Stayed the same 78.2% 83.0% 71.9% 79.6% 75.3% 76.2% 77.8% 

Decreased  6.4% 2.7% 6.1% 4.6% 2.1% 3.2% 4.0% 

Total 100% (n=110) 100% (n=188) 100% (n=114) 100% (n=108) 100% (n=97) 100% (n=189) 100% (n=806) 

Because of small numbers in the ñDecreasedò category, it was necessary to merge with the ñStayed the sameò category to 
conduct a valid test. p = 0.309 

Again there is a non-significant trend, for increase in number of appliances to be less likely in trial groups Paper, 
Wall Panel and TOUT. 
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Table 4.7 Do you have a visual display in your home, that tells you how much electricity or gas you are using? 

 
Trial Group 

 

 
Wall PanelEO Wall PanelDF URA TOUT HEC Total 

No 45.8% 35.2% 50.9% 62.4% 36.1% 46.5% 

Yes 54.2% 64.8% 49.1% 37.6% 63.9% 53.5% 

Total 100% (n=83) 100% (n=105) 100% (n=114) 100% (n=109) 100% (n=97) 100% (n=508) 

p < 0.001 

The percentage being aware of the RTD was highest among dual fuel customers (Wall PanelDF and HEC ï 65% and 
64% respectively) and lowest where the most basic device was provided (TOUT ï 38%). These extremes most 
likely account for the significant overall effect and the other two groups had an intermediate and similar percentage 
(Wall PanelEO and URA ï 54% and 49% respectively). 

Table 4.8 How useful do you find the visual display? 

  Trial Group   

  Wall PanelEO Wall PanelDF URA TOUT HEC Total 

Not at all 7.1% 4.6% 6.0% 12.5% 0.0% 4.9% 

Not very useful 23.8% 9.2% 12.0% 25.0% 4.8% 12.8% 

Quite useful 38.1% 38.5% 38.0% 54.2% 30.6% 37.9% 

Very useful 31.0% 47.7% 44.0% 8.3% 64.5% 44.4% 

Total 100% (n=42) 100% (n=65) 100% (n=50) 100% (n=24) 100% (n=62) 100% (n=243) 

Because of small numbers in the ñNot at allò category, it was necessary to merge with the ñNot very usefulò category to conduct a 
valid test. p < 0.001 

To explore this significant effect further, the response scale was numbered 1-4 and treated as an interval scale. The 
mean value of this scale rating was highest for HEC (3.6), lowest for TOUT (2.6) and intermediate for Wall PanelEO 
(2.9), Wall PanelDF (3.3) and URA (3.2). A one-way ANOVA supports the chi-square test in showing an overall effect 
and indicates that it is due mainly to the following differences: 

HEC > Wall PanelEO and TOUT 

TOUT < Wall PanelDF and URA and HEC. 

In trial group HEC, the RTD included a controller for heating and hot water, so it may be this function that resulted in 
its higher ratings. TOUT had the most basic RTD and this seems to have been reflected in less positive ratings. 
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Table 4.9 To what extent do you agree or disagree that your smart meter technology has enabled you to plan or 
budget for your energy use in the home? 

 
Trial Group 

 

 
PaperEO+DF Wall PanelEO+DF TVEO+DF URA TOUT HEC ControlEO+DF Total 

Strongly agree 5.4% 26.8% 4.3% 18.3% 11.7% 28.1% 6.0% 15.0% 

Agree 30.1% 42.5% 37.6% 43.1% 53.4% 47.9% 30.1% 40.2% 

Disagree 46.2% 20.1% 37.6% 24.8% 25.2% 18.8% 37.3% 29.4% 

Strongly disagree 18.3% 10.6% 20.4% 13.8% 9.7% 5.2% 26.5% 15.4% 

Total 100% (n=93) 100% (n=179) 
100% 
(n=93) 

100% 
(n=109) 

100% 
(n=103) 

100% 
(n=96) 

100% 
(n=166) 

100% 
(n=839) 

p < 0.001 

To explore this significant effect further, the response scale was numbered 1-4 and treated as an interval scale 
(lower numbers meaning greater agreement). A one-way ANOVA supports the chi-square test in showing an overall 
effect and indicates that it is due mainly to a difference between groups that had an RTD and those that did not. 
Mean ratings for groups with an RTD were: HEC (2.0), Wall PanelEO+DF (2.2), TOUT (2.3) and URA (2.3). For the 
other groups, the means were: TVEO+DF (2.7), PaperEO+DF (2.8) and ControlEO+DF (2.8). This is a clear indication that 
the RTD was a key element in the smart meter technology. 

4.3 Summary of EDF and AECOM findings 

4.3.1 Demand reduction  

Electricity 

Non-smart meter group 

EDF found that consumption was higher in the RRR group, who read their own meters and could get a financial 
reward for reducing consumption. No baseline data were available to AECOM for this group and other data issues 
had been identified for this trial group (see Section A1.2), meaning that no clear conclusion can be drawn as to its 
effectiveness.  

Smart meter groups 

The EDF and AECOM analyses took quite different approaches to the data but both found significant reductions in 
energy use in the Paper and Wall Panel groups. The AECOM analysis, taking account of baseline consumption, 
estimated the percentage savings as 2.3% for Paper and 4.0% for Wall Panel. 

Both of these trial groups had composite interventions: 

¶ Paper combined additional consumption data with energy efficiency advice, (both sent with bill statements); 

¶ Wall Panel combined an RTD showing both electricity and gas consumption data with energy efficiency advice 
delivered through the RTD. 

Hence, the benefits cannot be attributed to any single factor; indeed it is likely to be the combinations that were 
effective, not a single ingredient.  

In both cases, the effect depended on whether EDF supplied electricity only, or both electricity and gas to the 
household. The effect in the Paper group was greater for dual fuel customers and the Wall Panel effect was greater 
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for electricity-only customers. No definitive explanation can be offered for this, but a number of possibilities may be 
considered: 

¶ if a customer buys only electricity from EDF, a gas smart meter would not be fitted and the RTD would display 
only electricity data, hence focusing conservation efforts on electricity rather than gas; 

¶ focusing on electricity might also make the RTD itself simpler to operate; 

¶ dual fuel customers are more likely to see the advice as being relevant to them, because it is more likely that at 
least one specific piece of advice will apply; 

¶ dual fuel customers have made a market choice to take both fuels from one supplier ï specifically EDF ï and 
might therefore be more energy-aware (or energy-cost-aware) and willing to look at advice from EDF; 

¶ the two customer types differed in how easily they could be recruited, and hence in their motivation at the start of 
the trial. 

These are post hoc explanations and should be tested further if the distinction between customer types becomes 
relevant to key decisions. 

In the case of TV, HEC and Web, EDF found that consumption was higher in the trial groups than in the control 
group whereas we saw a non-significant reduction. Our analysis, allowing for baseline consumption is the more 
relevant but the analyses at least agree that no benefit was demonstrated for these interventions. This is not to say 
that it would be impossible to design effective interventions using the same basic approach. 

In the case of URA, EDF found no significant difference between trial and control group whereas AECOM found a 
significant reduction in energy use (of 7.3%), taking into account the control group and baseline consumption. The 
latter result is more relevant and consistent with the finding for Wall Panel, since URA was identical to Wall Panel 
except that the alarm function had been fixed by EDF, prior to installation. 

In the case of TOUT, EDF found a small but significant difference between trial and control group. AECOM found a 
large reduction in energy use, taking into account the control group and baseline consumption, but it was not 
statistically significant (or meaningful) because the sample size was too small for households where both in-trial and 
pretrial data were available. The effect on overall consumption is therefore unproven but plausible; further evidence 
on TOUT is presented below, under load shifting and survey findings. 

Overall, EDF found that differences in energy consumption between trial and control groups were more clear-cut for 
smaller households (one or two people). This finding should be viewed cautiously because the analysis did not take 
account of baseline data, but it is in keeping with the load-shifting results (see below, Section 4.3.3). 

Gas 

Non-smart meter group 

EDF found that consumption was 2.1% lower in the RRR group, who read their own meters and could get a 
financial reward for reducing consumption. No baseline gas data were available and other data issues had been 
identified for this trial group (see Section A1.2), meaning that no clear conclusion can be drawn as to its 
effectiveness.  

Smart meter groups 

In EDFôs analysis, gas consumption was higher in all groups than in the control group and this was significant for TV 
(by 14.7%), HEC (by 13.2%) and Web (by 14.1%) but not for Paper or Wall Panel. No gas data were available for 
the other groups. No baseline data were available for gas consumption. Given the impact of controlling for baseline 
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consumption in the analysis of electricity consumption, no further analysis was conducted using the gas 
consumption data and EDFôs gas findings should not be seen as reliable. 

4.3.2 Persistence of effects 

Electricity 

A second full year of in-trial data was available for enough households (that also had baseline data) to allow 
AECOM to conduct analysis for the Paper and Wall Panel groups only. 

In the case of Paper, the reduction in demand remained significant in the second year, for electricity-only customers 
(5.0% saving, p<0.05), dual fuel customers (2.4% saving, p<0.05) and both customer types combined (4.0% saving, 
p<0.01). 

In the case of Wall Panel, the reduction in demand remained significant in the second year, for electricity-only 
customers (11.0% saving, p<0.01) and marginally significant for both customer types combined (5.8% saving, 
p<0.1). It remained non-significant for dual fuel customers. 

The persistence of other effects can be judged by looking at the variation of differences between the trial and control 
groups over time, using quarterly figures tabulated by EDF. Although this does not take into account the baseline 
consumption, it does indicate whether any initial effect (if present) remained over time. The observed trends over 
time confirm the persistence of effects for Paper and Wall Panel. For the less certain effects ï URA and TOUT ï any 
initial effect is eroded over the first few quarters. 

Gas 

Given that no initial impact could be determined with confidence, the persistence of effects cannot be examined but 
the difference between trial and control groups appears to have stabilised after the first in-trial year (based on 
quarterly figures tabulated by EDF). However, examination of quarterly figures created more concern over the data, 
with marked inexplicable peaks in some groups. 

4.3.3 Load shifting 

We analysed load shifting only for electricity because this was the specific target of the intervention and therefore 
the sample consisted of electricity-only customers. 

At weekends, there was a significant (p<0.05) overall reduction in the percentage of consumption that occurred in 
the peak tariff period, compared with the Wall Panel group (relative peak time consumption in TOUT was 92% of 
that in Wall Panel).  

Comparing TOUT with the control group, the overall difference was modified by a significant interaction effect, 
meaning that peak load was reduced in TOUT only for smaller households (based on the number of people in the 
age range 16-64) ï for larger households, relative peak time consumption actually increased. Modelled relative peak 
time consumption in TOUT was 86% that in the control group with nobody aged 16-64 in the household (this would 
be almost exclusively pensioner households), 90% with one person and 94% with two people. The tipping point is 
three people (98%). 

On weekdays, the load-shifting effect is similar but weaker. There was a marginally significant (p<0.1) overall 
reduction in the percentage of consumption that occurred in the peak tariff period, compared with the Wall Panel 
group (relative peak time consumption in TOUT was 96% of that in Wall Panel). 
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Comparing TOUT with the control group, there is same significant interaction as was seen for weekends. Modelled 
relative peak time consumption in TOUT was 89% that in the control group with nobody aged 16-64 in the 
household, 93% with one person and 97% with two people. The tipping point is three people (101%). 

4.3.4 Implications of the survey findings 

Combining the insights from EDFôs and AECOMôs analysis of survey data, the following observations can be made. 

EDF reports the following key points about motivation to change, from the customer research as a whole. 

1. Although the trials have prompted some behavioural change, some respondents were happy to benefit from no 
more meter readers or estimated bills and nothing else. 

2. Positive attitude and intentions were not always translated into less consumption or lower expenditure. 

3. Core triggers to uptake are emerging: cost savings, desire for control and less hassle. 

¶ The cost savings motivation is most directly met by TOUT. 

¶ Control was particularly strong on all interventions with an RTD. 

¶ The immediacy of feedback in Wall Panel, HEC and TOUT was preferred to retrospective information in the 
Web, TV and Paper groups. 

Customers expected, and could have benefited from, more engagement and instruction during installation of 
equipment. 

Whether using an RTD or TV to access information, only the first or second screens in the access sequence tend to 
be used, so the most useful information should be put on those screens. This would have particularly impacted the 
TOUT intervention, where the basic RTD required multiple button-pushes to access data. 

Looking at specific interventions, the following points can be made. 

¶ RRR customers were not aware they were part of trial but reading their own meter appears to have raised some 
awareness about costs and consumption.  

¶ Paper group customers indicated very little engagement with the information provided and yet it appears to have 
been enough to bring about a reduction in consumption.

15
 This is perhaps an indication that the amount of 

engagement is not a good guide to whether effective action will be taken. Responding to a few pieces of the 
advice is all that is needed.  

¶ In groups with the Wall Panel type RTD, customers varied in their awareness of the device, from 49% for URA, 
through 60% for Wall Panel to 64% for HEC. Splitting the Wall Panel group, awareness was 65% for dual fuel 
customers but only 54% for electricity-only customers. So awareness was greatest among dual fuel customers 
(in HEC or Wall Panel) but this was not associated with greater reductions in consumption.  

¶ The percentage aware of the RTD dropped to 38% for TOUT, and the low-tech design (used only for TOUT) was 
a disappointment to some householders. It appears that the tariff effect could have been better supported by an 
alternative RTD.  

¶ Many of the customers who were aware of the RTD were frequently accessing information from their RTD (39% 
daily or several times a week) though mainly limited to one householder (the bill payer).  

                                                           

15
 The delivery of the Paper intervention was less reliable in the second in-trial year and this may have unduly influenced the 

survey responses, since the survey was at the end of the trial. It is possible that engagement had been greater in the first in-trial 
year. 
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¶ Based on ratings of usefulness of RTDs, HEC was the best, with 95% rating it ñquiteò or ñveryò useful and TOUT 
the least useful (63%), with Wall Panel (79%) and URA (82%) intermediate.  

¶ The URA intervention did not appear to be sufficiently well understood and any effects in this group are probably 
due to the RTD, with the alarm tending to reduce its effectiveness. 

¶ The limited use that customers made of the TV and Web interventions means that their effects on consumption 
cannot be fairly judged until more effective implementation is achieved, making the interventions less dependent 
on the existing technology in the home, more easily accessible, more focused on the key information that users 
want to see, and with better linkage between consumption data (real-time and historic), advice and access to 
external financial and technical support.  

Records of specific actions taken were difficult to interpret with great confidence or attribute to specific interventions 
but, in two cases of energy-saving action (loft and cavity wall insulation) the three groups with a (non-significantly) 
higher than average percentage taking the action correspond with the groups where there was a significant 
difference in electricity consumption between trial and control group (Paper, Wall Panel and TOUT). Wall Panel was 
also in the top three for draughtproofing, as were TV and HEC. These are the less expensive actions, with financial 
support often available, which might therefore be carried out quickly. In the case of double glazing and getting a new 
boiler ï more expensive actions ï HEC stood out (along with TV in the case of double glazing). There is also a non-
significant trend for the increase in number of appliances to be less likely in trial groups Paper, Wall Panel and 
TOUT. 

The survey question ñTo what extent do you agree or disagree that your Smart meter technology has enabled you to 
plan or budget for your energy use in the home?ò offers an overall rating of the interventions. On this rating, groups 
that had an RTD were viewed significantly more positively than those that did not.  

Focus group evaluations of the interventions placed Wall Panel, HEC and TOUT in the top three, RRR and URA in 
the middle two and Paper, Web and TV in the bottom three. In the case of HEC, the high position (and high ratings 
in some survey questions) may be due to the controller function rather than consumption feedback. These ratings 
are not fully reflected in the consumption findings but the ratings are derived from small focus groups which consist 
of different people for each intervention.  

Across all the survey evidence, there is a common theme of the RTD being a key element in the interventions ï 

most clearly in HEC (combined with a controller for heating and hot water) and least in TOUT where the device was 

the most basic and not the main feature of the intervention. This is in spite of the fact that a majority of those who 

had been given an RTD were not aware of having it. Hence there is also scope for RTDs to have greater impact, 

simply by ensuring that more households who receive one retain a greater awareness of its existence and actually 

make use of it. This would come partly from using well designed devices and partly through the installation/delivery 

and support processes that are put in place. 
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This section presents AECOMôs analysis of both the energy consumption data and the consumer survey data from 
E.ON. The summary at the end brings together overall findings from E.ONôs analysis and AECOMôs. Appendix B2 
summarises the issues that need to be considered, related to the research design and execution, when interpreting 
or applying the findings. 

5.1 Energy Consumption Data 

5.1.1 Introduction 

The analyses focus on the trials in which a smart meter was installed, since these are most relevant to the roll-out of 
smart meters and also the trials for which E.ONôs analysis showed most potential to learn more by further analysis. 

Data were provided in three formats for electricity and two formats for gas: 

¶ raw energy consumption data (electricity and gas); 

¶ weather-adjusted energy consumption data: to take into account variations in weather conditions for the same 
day between different years (electricity only); 

¶ weather-adjusted and time-corrected energy consumption data: to take into account of weather variations both 
between years and for different days within a given year (electricity and gas). 

The weather-adjusted data were considered more useful for the electricity analysis than the raw data. The analyses 
compared electricity consumption across different years (i.e. between pretrial and in-trial time periods). This 
correction adjusted for the different weather conditions between years which may impact on electricity consumption. 
Time correction was not used as E.ON reports that anomalies in the time-correction process appeared to lead to 
inconsistent data. As a result of this, raw meter readings had to be used for the analysis of gas consumption. This 
had implications for comparisons between the trial and control groups as differences in weather conditions could 
potentially confound the analyses. The approach taken to address this is presented at the end of this introduction. 

Furthermore, the following approach was taken. 

¶ Pretrial meter reads were typically available for each household at 3 to 6 month intervals (as noted in Section 
3.2, the criteria for recruiting homes only required them to have two readings in the 12 month period up to the 
start of the trial). Given this frequency of the pretrial data, the approach to the analysis was to assess change 
from a whole year of pretrial readings to a whole year of in-trial readings. Given the variation in electricity 
consumption between seasons, it was considered too inaccurate to use this information to interpolate monthly or 
even quarterly pretrial electricity consumption levels. 

¶ For the smart meter interventions, it was appropriate to use the meter readings automatically transmitted at 
monthly intervals rather than using the more frequent (half-hourly) consumption data. The latter dataset typically 
has missing data in each quarter which would need to be estimated to determine total consumption.  

The electricity consumption data provided had been aggregated into quarterly periods and these were now further 
aggregated into annual consumption data.  

¶ For each household, the pretrial year comprised the four quarters before the quarter in which the smart meter 
was installed.  

¶ The first in-trial year comprised the four quarters after the quarter in which the meter was installed or the trial 
began (whichever was the later).  

¶ The quarter in which the meter was installed was omitted as energy usage in that quarter would include usage 
both before and after the trial conditions began. 

5 Analysis of E.ON data 
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Similarly, the gas consumption data were aggregated into yearly periods. The approach taken was to have common 
pretrial and in-trial years for all trial and control groups in each analysis. Thus, while weather varied between years, 
it varied similarly for trial and control groups (especially given that the participants were nearly all from the same 
region, the English midlands). This mitigates the possible confounding effect of not using weather-corrected data: if 
this approach had not been taken, differences between groups might have been confounded by differences in 
weather conditions between the groups. 

¶ For each household, the pretrial year comprised the period 01/04/2007 to 31/3/2008.  

¶ For trial groups, the first in-trial year comprised the four quarters after the quarter in which the meter was 
installed or the trial began (whatever was the later). In order to maintain the required common in-trial dates, we 
restricted analysis to the households that had their first in-trial year as 01/10.2008 ï 30/09/2009. This comprised 
most of the households. 

¶ Data from a second entire in-trial year were only available for analysis for a relatively small percentage of 
households. Thus, in order to examine changes over time in differences between groups, we considered further 
full in-trial years by using rolling totals. This means that each successive year of data was shifted forward by one 
quarter, rather than a full year, and therefore overlapped the previous year by three quarters. Three such 
additional years were examined, by rolling forward from the first in-trial year by one, two and three quarters. 

When interpreting the rolling totals, it is important to recall that the energy advice element of TG8 and TG9 was not 
introduced at the start of the trial period (see Section 3.2.3). In effect, this means that advice was being delivered 
only during the final quarter of the first in-trial year but during the whole of the in-trial year rolled forward by three 
quarters (ñin-trial year 1 plus 3 quartersò). 

Examination of the energy consumption data in the pretrial and in-trial years showed that they did not follow a 
normal distribution (i.e. a bell shaped curve). Similarly, the changes in energy consumption from pretrial to in-trial 
years were not normally distributed (nor were log transformations of the data). In all cases, the distributions were 
leptokurtic and influenced by extreme deviations from the mean. Similar to the EDF analysis, the E.ON analysis 
focused on using robust non-parametric methods suitable for the data in this trial. In keeping with this, medians are 
reported, rather than the usual arithmetic means, to indicate the average response to the interventions. 

5.1.2 Analysis methods 

Because of the data distributions, as noted above, there is a risk that households with unusually high or low 
consumption levels and changes in consumption will bias the calculation of summary statistics. Rather than use 
arbitrary methods to exclude such households from the analyses, we overcome this by adopting a non-parametric 
statistical test (the Mann-Whitney U test) and reporting median values for consumption and changes in 
consumption. Non-parametric techniques are less sensitive to outliers than parametric techniques and, although 
care has been taken to avoid errors in the data preparation, it is impossible to be definitive that there are no figures 
that are larger or smaller than they should be. The robust analysis reported here reduces the impact of such 
problems on the results obtained. 

A series of analyses was undertaken comparing pairs of trial groups as in Table 5.1.
16

 These trial group numbers 
were defined in Section 3.2 (Table 3.3). Households that left the study for whatever reason during the trial have 
been omitted from the analysis.  

                                                           

16
 The possibility of combining customer strata into a single analysis was also considered. This would have been reasonable if 

multivariate analysis had been possible but a simple combination of groups was not considered viable. The main reason is that 
the E.ON analysis had shown (and our analysis confirmed) that the strata had responded differently to the interventions. It would 
therefore be misleading to report an overall effect. 
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Table 5.1 Trial groups compared in analysis of E.ON electricity and gas consumption 

Analysis Groups to be compared for electricity  Analysis Groups to be compared for gas 

E1 TG5-FPEO C1+C2  G1 TG5-FP C2+C4 

E2 TG5-FP C3+C4  G2 TG5-NFP C7 

E3 TG5-NFP C7  G3 TG5-HUDF C8 

E4 TG5-HUDF C8  G4 TG7-FP C2+C4 

E5 TG5-E7 C2+C6+C9  G5 TG7-HUDF C8 

E6 TG7-FPEO C1+C2  G6 TG8-FP C2+C4 

E7 TG7-FP C3+C4  G7 TG8-HUDF C8 

E8 TG7-HUDF C8  G8 TG9-FP C2+C4 

E9 TG8-FPEO C1+C2  G9 TG9-NFP C7 

E10 TG8-FP C3+C4  G10 TG9-HUDF C8 

E11 TG8-HUDF C8  G11 TG7-FP TG5-FP 

E12 TG9-FP C3+C4  G12 TG8-FP TG5-FP 

E13 TG9-NFP C7  G13 TG9-FP TG5-FP 

E14 TG9-HUDF C8  G14 TG9-NFP TG5-NFP 

E15 TG9-E7 C2+C6+C9  G15 TG7-HUDF TG5-HUDF 

E16 TG7-FPEO TG5-FPEO  G16 TG8-HUDF TG5-HUDF 

E17 TG8-FPEO TG5-FPEO  G17 TG9-HUDF TG5-HUDF 

E18 TG7-FP TG5-FP  G18 TG8-FP TG7-FP 

E19 TG8-FP TG5-FP  G19 TG9-FP TG7-FP 

E20 TG9-FP TG5-FP  G20 TG8-HUDF TG7-HUDF 

E21 TG9-NFP TG5-NFP  G21 TG9-HUDF TG7-HUDF 

E22 TG7-HUDF TG5-HUDF  G22 TG9-FP TG8-FP 

E23 TG8-HUDF TG5-HUDF  G23 TG9-HUDF TG8-HUDF 

E24 TG9-HUDF TG5-HUDF     

E25 TG9-E7 TG5-E7     

E26 TG8-FPEO TG7-FPEO     

E27 TG8-FP TG7-FP     

E28 TG9-FP TG7-FP     

E29 TG8-HUDF TG7-HUDF     

E30 TG9-HUDF TG7-HUDF     

E31 TG9-FP TG8-FP     

E32 TG9-HUDF TG8-HUDF     

 

For approximately one half of the electricity analyses (E1-E15), the consumption in the trial group is compared 
against the non-smart control group. The other analyses are comparisons against smart meter interventions 
because, given that the Governmentôs policy is for all homes to have smart meters, these comparisons provide 
information on what additional actions would help to reduce energy demand. 

¶ E16-E25: The comparison group is a smart meter only. 

¶ E26-E30: The comparison group is a smart meter plus monthly bills. 

¶ E31-E32: The comparison group is a smart meter plus monthly bills plus energy efficiency advice. 
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Similarly, for approximately one half of the gas analyses (G1-G10), the consumption in the trial groups is compared 
against the non-smart control groups. The other analyses are comparisons against smart meter interventions. 

¶ G11-G17: The comparison group is a smart meter only. 

¶ G18-G21: The comparison group is a smart meter plus monthly bills. 

¶ G22-G23: The comparison group is a smart meter plus monthly bills plus energy efficiency advice. 

For each pair of trial groups, the Mann-Whitney U test was use to compare the groups listed in Table 5.1, on: 

¶ pretrial electricity/gas consumption;  

¶ the change in electricity/gas consumption from pretrial to the first in-trial year; 

¶ the change in electricity/gas consumption from pretrial to the first in-trial year plus one, two and three quarters. 

Using non-parametric statistics limits the options for multivariate analysis, i.e. taking into account variables other 
than the interventions. However, two possible confounders were identified that could be used to split the sample for 
independent analysis with sufficient numbers in each group (at least for some trials): geographic location and 
whether the household had participated in a survey before the end of the trial. 

¶ For the electricity consumption analyses, location was defined as being according to the distribution area, with 
households in two areas (coded ñBò and ñEò) encompassing almost the entire dataset.  

¶ For the gas consumption analyses, location was again defined according to the distribution area, with ñEast 
Midlandsò and ñWest Midlandsò encompassing almost the entire dataset. 

5.1.3 Electricity consumption results 

Summary statistics are presented in Appendix E2.
17

 

¶ Median electricity consumption values for the pretrial and in-trial years for each trial group are given in 
Tables E2.1-E2.5.  

¶ The differences in electricity consumption between pretrial and in-trial years are given in Tables E2.6-E2.9. 

In preliminary analysis, data were split by location and survey participation, for the pretrial year and in-trial year 1 
only. Where the sample sizes are sufficient, the results are similar to those seen in the whole sample. To test 
differences directly, the change in consumption from pretrial to the first in-trial year was compared between the two 
locations and between the two survey participation groups; this was done independently for each trial and control 
group, using the Mann-Whitney U test. Only one difference was significant at the 5% level of significance, out of 37 
comparisons; this provides confidence in analysing all households together, as below, rather than separately 
according to location or survey participation. 

The trial groups to be compared were then tested for differences in electricity consumption during the pretrial year 
(see Table E2.10 for details). Several of the comparison pairs have pretrial data that differ significantly from each 
other. As many of these are comparisons between trial and control groups, this casts doubt on whether the creation 
of the control groups has been successful, confirming the need to control for baseline consumption in the analysis. 
                                                           

17
 The number of households with valid data differs between the pretrial year and in-trial years. Our comparison between pretrial 

and in-trial consumption used only those households with valid data in both comparison years. For this reason, the differences 
determined in the analysis should not be compared with the differences between medians in the Appendix E tables, which are 
based on all households with data in the particular year only. There are several reasons for differences in the number of 
households with valid data between years. For example, sufficient pretrial data were not available for all households in the trial 
groups and some households were recruited too late into the trial to have a complete second year of in-trial data. Households 
that left the study for whatever reason during the trial have been omitted from the data. 
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The concern is greatest for the high use dual fuel (HUDF) group, since the pretrial consumption is much higher in the 
trial groups than the control groups; while statistical controls will mathematically adjust for this, they do not eliminate 
the possibility that the trial groups had greater behavioural potential to reduce consumption and/or greater risk of 
regression to the mean.

18
 

The trial groups to be compared were then assessed to see if they had similar changes in consumption from the 
pretrial year to in-trial years. The table of results from the Mann-Whitney U tests are shown in Appendix E 
(Tables E2.11 ï E2.14) and summarised below. 

Comparisons with non-smart meter control groups 

To make it more readable, we have reported the analysis below, using the following strata as defined in Section 3.2.  

¶ óFuel poorô (electricity only) ï FPEO 

¶ óFuel poorô ï FP 

¶ Not ófuel poorô ï NFP 

¶ High use (dual fuel) ï HUDF 

¶ Economy 7 ï E7 

Comparisons E1-E15 are presented in Table 5.2 for changes from pretrial to the first in-trial year, with all significant 
differences identified. Redefining trial periods (see Section 5.1.1) has allowed additional significant effects to be 
seen, in the FP and E7 trial groups, where there were only non-significant trends in the E.ON analysis. Figures 5.1 
to 5.5 show electricity consumption for each of the customer strata, over the four trial periods (the first in-trial year 
and the first in-trial year rolled forward by one, two and three quarters). Each bar represents the change from the 
baseline year, adjusted for change in the control group. 

Table 5.2 Median changes in electricity consumption (pretrial vs in-trial year 1)
1
 

Stratum 

Control TG5: Smart meter 
TG7: Smart meter & 

monthly bills 

TG8: Smart meter & 
monthly bills & 
energy advice 

TG9: Smart meter & 
monthly bills & 

energy advice & 
RTD 

Change 
against 
pretrial 

Change 
against 
pretrial 

Adjusted 
for control 

Change 
against 
pretrial 

Adjusted 
for control 

Change 
against 
pretrial 

Adjusted 
for 

control 

Change 
against 
pretrial 

Adjusted 
for 

control 

FPEO -5.9% -3.6% 2.3%** -3.8% 2.1%~ -5.6% 0.3%   

FP -5.2% -4.1% 1.1% -4.0% 1.2% -2.7% 2.5% -6.9% -1.7%* 

NFP -4.9% -3.9% 1.0%     -6.2% -1.3% 

HUDF -4.2% -6.1% -1.9%** -7.6% -3.4%** -6.6% -2.4%** -8.1% -3.9%** 

E7 -7.0% -6.6% 0.4%     -9.9% -2.9%** 

**p<0.01; ~p<0.1 
1 

Blank cells are where there were no trial groups 

                                                           

18
 Regression to the mean refers to the statistical phenomenon whereby values above (or below) the mean are likely to decrease 

(increase) if measurements of the same group are made a second time. 
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Figure 5.1 Changes over time in electricity consumption for ófuel poorô (electricity only) 

 

Figure 5.2 Changes over time in electricity consumption for ófuel poorô 
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Figure 5.3 Changes over time in electricity consumption for not ófuel poorô 

 

Figure 5.4 Changes over time in electricity consumption for high use dual fuel 
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Figure 5.5 Changes over time in electricity consumption for Economy 7 

 

In year 1, the reduction in consumption is significantly greater in the trial group than in the control group for all HUDF 
groups. It is also significantly greater in TG9 for all strata except NFP (where the non-significant trend is in the same 
direction). The opposite effect occurs for FPEO in TG5 but in this case the pretrial consumption was significantly 
higher in the control group.  

For all the differences that are significant (p<0.05) in year 1, the difference remains significant through to year 1 plus 
3 quarters (except for the increase in consumption for FPEO in TG5, which reaches only the p<0.1 level in the final 
year).  

As noted above, the HUDF trial groups had significantly higher consumption pretrial than their control groups, by 
more than 1000 kWh. The changes observed in these groups could therefore be, at least in part, due to ñregression 
to the meanò. The other two significant reductions in consumption are not affected by this concern ï in TG9, i.e. 
smart meter trial groups with RTDs. Just as important, in the absence of an RTD, consumption typically increased in 
all strata other than HUDF. 

Comparisons with smart meter control groups 

The remaining comparisons are between trial groups, effectively using smart meter trial groups as the control 
groups, and investigating the impact of adding additional measures. These comparisons are shown in Table 5.3. 

All the significant differences represent a reduction in consumption with the addition of an intervention. Incremental 
effects of interventions are seen mainly for FP trial groups, where there is a significant difference between TG9 and 
all three comparison trial groups. There is also a significant difference between TG8 and TG5 but note that 
(a) pretrial consumption was significantly higher in TG8 and (b) advice was not actually introduced until the final 
quarter of the period, so the intervention in TG8 differed little from that in TG7. There is also a significant difference 
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for E7 between TG9 and TG5, the only comparison that could be made for E7. It can also be noted that the effects 
in the HUDF stratum did not differ significantly across the interventions, again suggesting that the effects may be 
attributed to regression to the mean. 

The persistence of these effects across rolling years was as follows. 

Comparison with smart meter only 

¶ The effects in TG9 ï for FP and E7 ï remain significant through to year 1 plus 3 quarters. In the case of FP, the 
effect may even be getting stronger over time. 

¶ The effect in TG8 ï for FPEO ï drops from p<0.05 in year 1 to p<0.1 in year 1 plus 1 quarter but then returns to 
p<0.05 in the remaining two periods.  

¶ These trends may reflect the fact that TG8 and TG9 were not receiving advice in all four quarters until the final 
year but, in general, advice did not appear to be having a significant effect on consumption. 

Comparison with smart meter plus monthly bills 

¶ The effect in TG9 ï for FP ï remains significant until in-trial year 1 plus 1 quarter but then drops to p<0.1.  

Comparison with smart meter, monthly bills and energy advice 

¶ The effect in TG9 ï for FP ï remains significant through to in-trial year 1 plus 3 quarters. 

The final year may be seen as most relevant to evaluating the effect of energy advice, since advice was delivered in 
all four quarters in that year. Where an RTD was also provided (TG9) any effect of advice is masked. The HUDF 
groups did not differ from each other in any year. Hence, the effect of advice can be assessed only in the FP 
groups, by comparing TG8 with the non-smart control group and the other smart meter groups. In all four periods, 
TG8 did not differ significantly from the control group or TG7. Across all four periods, reduction in consumption in 
TG8 was consistently greater than in TG5 for FPEO and consistently less that TG9 in FP. Hence, there is no clear 
evidence for an effect of advice. 

Table 5.3 Median changes in electricity consumption (pretrial vs in-trial year 1) for smart meter ócontrolsô
1
 

óControlô Stratum 

óControlô 
TG7: Smart meter & 

monthly bills 

TG8: Smart meter & 
monthly bills & energy 

advice 

TG9: Smart meter & 
monthly bills & energy 

advice & RTD 

Change 
against 
pretrial 

Change 
against 
pretrial 

Adjusted for 
ócontrolô 

Change 
against 
pretrial 

Adjusted for 
ócontrolô 

Change 
against 
pretrial 

Adjusted for 
ócontrolô 

TG5: 
Smart 
meter 
only 

FPEO -3.6% -3.8% -0.2% -5.6% -2.0%*   

FP -4.1% -4.0% 0.1% -2.7% 1.4% -6.9% -2.8%** 

NFP -3.9%     -6.2% -2.3% 

HUDF -6.1% -7.6% -1.5%~ -6.6% -0.5% -8.1% -2.0% 

E7 -6.6%     -9.9% -3.3%** 

TG7 

FPEO -3.8%   -5.6% -1.8%   

FP -4.0%   -2.7% 1.3% -6.9% -2.9%* 

HUDF -7.6%   -6.6% 1.0% -8.1% -0.5% 

TG8 
FP -2.7%     -6.9% -4.2%** 

HUDF -6.6%     -8.1% -1.5% 

**p<0.01; *p<0.05; ~p<0.1 
1 

Blank cells are where there were no trial groups 
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5.1.4 Gas consumption results 

Presentation of the findings follows the same pattern as for the electricity findings. The trial groups to be compared 
are shown in Table 5.1. Summary statistics are presented in Appendix E2.  

In preliminary analysis, data were split by location and survey participation, for the pretrial year and in-trial year 1 
only. Where the sample sizes are sufficient, the results are similar to those seen in the whole sample. To test 
differences directly, the change in consumption from pretrial to the first in-trial year was compared between the two 
locations and between the two survey participation groups; this was done independently for each trial and control 
group, using the Mann-Whitney U test. Similarly to the electricity analysis, only two tests are significant at the 5% 
level so we can feel confident in analysing the whole sample, as below, rather than separately according to location 
or survey participation. 

Descriptive statistics for pretrial and in-trial year 1 are presented in Tables E2.15-E2.23
19

. The results of Mann-
Whitney U tests comparing trial and control groups are shown in Table E2.24 for comparison of baseline 
consumption and Tables E2.25-B2.28 for comparison of differences between in-trial and pretrial years. To make the 
findings more readable, again we have presented the main results in a series of summary tables below. All tests of 
difference were performed using Mann-Whitney U tests. 

The trial groups to be compared were first tested for differences in gas consumption during the pretrial year (see 
Table E2.24 for details). Several of the comparison pairs differ significantly from each other. As many of these are 
comparisons between trial and control groups, this casts doubt on whether the creation of the control groups has 
been successful, confirming the need to control for baseline consumption in the analysis. The concern is greatest for 
HUDF, since the pretrial consumption is much higher in the trial groups than the control groups; while statistical 
controls will mathematically adjust for this, they do not eliminate the possibility that the trial groups had greater 
behavioural potential to reduce consumption and/or greater risk of regression to the mean. 

Comparisons with non-smart meter control groups 

Table 5.4 presents the results for comparisons G1-G10 for changes from pretrial to the first in-trial year. All were 
different at the 5% level of significance (p<0.05) and some at the 1% level. Figures 5.6 to 5.8 show gas consumption 
for each of the customer strata, over the four trial periods (the first in-trial year, the first in-trial year plus 1 quarter, 
the first in-trial year plus 2 quarters and the first in-trial year plus 3 quarters).  

Table 5.4 Median changes in gas consumption (pretrial vs in-trial year 1)
1
 

Stratum 

Control TG5: Smart meter 
TG7: Smart meter & 

monthly bills 

TG8: Smart meter & 
monthly bills & energy 

advice 

TG9: Smart meter & 
monthly bills & energy 

advice & RTD 

Change 
against 
pretrial 

Change 
against 
pretrial 

Adjusted 
for control 

Change 
against 
pretrial 

Adjusted 
for control 

Change 
against 
pretrial 

Adjusted 
for control 

Change 
against 
pretrial 

Adjusted 
for control 

FP -0.7% -5.1% -4.4%** -7.4% -6.7%** -7.9% -7.2%** -5.3% -4.6%** 

NFP -1.3% -4.9% -3.6%**     -6.2% -4.9%** 

HUDF -1.2% -3.5% -2.3%* -3.7% -2.5%** -3.6% -2.4%** -3.4% -2.2%** 

**p<0.01; *p<0.05 
1 

Blank cells are where there were no trial groups 
 

                                                           

19
 In some of these tables, the number of households with valid data is too small in some groups for analyses to be undertaken 

appropriately but the results are included (in grey text) for completeness.  



AECOM Energy Demand Research Project: Final Analysis 57 

 

Capabilities on project: 

Building Engineering 

 

Figure 5.6 Changes over time in gas consumption for ófuel poorô

 

Figure 5.7 Changes over time in gas consumption for not ófuel poorô 
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Figure 5.8 Changes over time in gas consumption for high use dual fuel 

 

Reductions in gas consumption persisted to in-trial year 1 plus 1 quarter and, in some cases to in-trial year 1 plus 2 
quarters (with a trend for some strengthening of the effect in in-trial year 1 plus 1 quarter). The only effect that 
persisted through to in-trial year 1 plus 3 quarters was in TG8 (smart meter, monthly bills and energy advice) for FP, 
which had the greatest median percentage difference in in-trial year 1.  

However, as noted above, the HUDF trial groups had significantly higher consumption pretrial, by more than 2000 
kWh. The changes observed in these groups could therefore be, at least in part, due to ñregression to the meanò. 
The NFP trial groups with RTDs also had higher pretrial consumption than its control group but regression to the 
mean is less likely as an explanation here, for two reasons: (a) the pretrial difference was smaller (less than 800 
kWh) and (b) the effect is greater in TG8 (where there was not a significant pretrial difference).  

Comparisons with smart meter control groups 

The remaining comparisons are between trial groups, effectively using smart meter trial groups as the control 
groups, and investigating the impact of additional measures. These comparisons are shown in Table 5.5. The only 
case of an incremental reduction was between TG9 and TG5 for NFP and this persisted through to in-trial year 1 
plus 1 quarter. The opposite effect occurs in the comparison of TG9 and TG8 for FP: there is a relative increase in 
consumption (and this effect persists through to in-trial year 1 plus 3 quarters although dipping just below the 5% 
level of significance during in-trial year 1 plus 2 quarters). 

Using the same approach as for electricity consumption, FP groups were compared to determine whether an effect 
of energy advice emerged as this intervention progressively affected more of the in-trial years. Again, no such effect 
could be seen. 
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Overall, the findings suggest that gas consumption is reduced following the introduction of a smart meter, without 
any additional intervention. 

As with the electricity findings, redefining trial periods has allowed additional significant effects to be seen, in the 
NFP and HUDF strata, where there were only non-significant trends in the E.ON analysis. The fact that effects 
generally waned over time would explain why E.ON did not see the effects over the full in-trial period. 

Table 5.5 Median changes in gas consumption (pretrial vs in-trial year 1) for smart meter ócontrolsô
1
 

óControlô 
Customer 
stratum 

Control 
TG7: Smart meter & 

monthly bills 

TG8: Smart meter & 
monthly bills & energy 

advice 

TG9: Smart meter & 
monthly bills & energy 

advice & RTD 

Change 
against 
pretrial 

Change 
against 
pretrial 

Adjusted for 
control 

Change 
against 
pretrial 

Adjusted for 
control 

Change 
against 
pretrial 

Adjusted for 
control 

TG5: 
Smart 
meter only 

FP -5.1% -7.4% -2.3% -7.9% -2.8%~ -5.3% -0.2% 

NFP -4.9%     -6.2% -1.3%* 

HUDF -3.5% -3.7% -0.2%~ -3.6% -0.1% -3.4% 0.1% 

TG7 
FP -7.4%   -7.9% -0.5% -5.3% 2.1% 

HUDF -3.7%   -3.6% 0.1% -3.4% 0.3% 

TG8 
FP -7.9%     -5.3% 2.6%** 

HUDF -3.6%     -3.4% 0.2% 

**p<0.01; *p<0.05 ~p<0.1 
1 

Blank cells are where there were no trial groups 

5.2 Survey Data 

5.2.1 Rationale for analyses carried out 

Through consumer surveys, E.ON collected a considerable amount of data. Here we report on the responses 
obtained for a selection of the questions asked. The reasons behind the choice of questions to analyse are listed 
below. 

¶ Questions were chosen to be analysed where further investigations could usefully add to those analyses already 
undertaken by the energy supplier and reported on elsewhere. 

¶ Focus was put on understanding change in consumer behaviour and/or energy use. Thus, questions relevant to 
this goal were selected for analysis. 

¶ In order for the conclusions drawn from the analyses to be robust, the questions chosen could not be open to 
interpretation by respondents because of their wording and the response choices given for the questions had to 
be unambiguous. 

¶ It was important that questions chosen for analysis did not suffer from potential distortion by their position in the 
survey. Thus questions were only included where answers to earlier questions in the survey did not have the 
potential to influence or distort responses. 

¶ In order for effective analyses to be undertaken, sufficient numbers of respondents had to exist. 

For the selected questions, the tables below show summaries of the responses given. Trial groups are omitted from 
the analysis where the question did not apply to them (e.g. if the question was about RTDs and the group was not 
given RTDs). 
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Many of the tables show the responses given according to the trial group to which the respondent belonged. For 
these, chi-square tests of independence have been carried out to consider whether or not the responses to the 
questions are independent of the trial group to which the respondents belonged. In some circumstances, response 
categories have been combined in order to have sufficient number of respondents in the cells of the table for the 
assumptions behind the chi-square test to be valid. Missing data (including the responses equivalent to ñdonôt knowò 
and ñrefuse to answerò) have been omitted. The p-values that result from the chi-square tests are shown beneath 
the tables. 

Where the p-value from the chi-square test is less than 0.05 (indicating that there is sufficient evidence to reject the 
claim that the responses are independent of trial group at the 5% level of significance), the differences between the 
responses given by the different trial groups were examined and are reported on below. 

5.2.2 Results 

Actions taken by households 

Respondents were asked whether they had taken (and/or were still taking) a range of actions that could reduce their 
energy consumption. The percentage taking each action was first compared in the ófuel poorô (FP) and not ófuel poorô 
(NFP) strata, since they were represented in all trial groups.  

The general form of the first set of relevant questions was ñStill thinking about the past 2 years, have you [ é ] at all 
to reduce your household energy consumption?ò. Table 5.6 shows the percentage answering ñYesò and the p-value 
associated with the chi-square test for each action. The follow-up question, if the action had been taken at all, was 
ñAnd do you still [ é ]?ò. Table 5.7 shows the equivalent figures relating to this question. 

Whether or not the difference between trial groups was significant, the percentage having taken (or still taking) the 
action was consistently higher in the smart meter groups receiving advice (with or without an RTD). The groups 
least likely to have taken (or be taking) action were those receiving extra billing information but not advice or an RTD 
(with or without a smart meter) and the control group.  

These differences are also reflected in analysis of the total number of actions taken, which differed significantly 
between trial groups (p=0.002 and p<0.001 for actions taken and actions still being taken, respectively)

20
. This is 

represented by cumulative percentages in Table 5.8 for actions taken and Table 5.9 for actions still being taken. 
Tables 5.10 and 5.11 show the p-values from Mann-Whitney U tests, comparing each trial group with each other 
trial group, for actions taken and actions still being taken, respectively. 

There were sufficient survey responses to undertake a separate analysis of the high user dual fuel (HUDF) stratum, 
for the smart meter and control groups only. The pattern of differences was similar to the FP/NFP analysis but there 
was a significant effect for only one action (ñfilled the kettle lessò) ï see Tables 5.12 and 5.13 for actions taken and 
actions still being taken, respectively. The total number of actions taken did not differ significantly between trial 
groups (p=0.266 and p=0.312 for actions taken and actions still being taken, respectively).

21
 This is represented by 

cumulative percentages in Table 5.14 for actions taken and Table 5.15 for actions still being taken. Because the 
overall effect of trial group was not significant, pairs were not compared using Mann-Whitney U tests. 

                                                           

20
 Using Kruskal-Wallis nonparametric analysis of variance to test for differences between groups. 

21
 Using Kruskal-Wallis nonparametric analysis of variance to test for differences between groups. 
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Table 5.6 Percentage of each trial group that had taken each action (FP and NFP strata) 

Action (p-value) 

Trial group 

Total 1 2 4 5 6 7 8 9 10 

Turned the thermostat down 
(p=0.044) 

64.7% 74.0% 68.9%  73.8%  67.0%  66.7%  76.5%  73.6%  67.0%  70.2%  

Reduced the amount of time 
your heating is on (p=0.024) 

66.2% 72.5% 74.4% 72.2% 69.1% 65.0% 76.1% 77.1% 67.0% 70.8% 

Had showers instead of baths 
(p=0.001) 

 62.7% 69.0% 71.1% 72.2% 71.8% 71.1% 76.9% 81.1% 66.5% 71.2% 

Fitted a hot water cylinder 
jacket (p=0.581) 

31.8% 35.0% 38.9% 33.9% 38.8% 30.1% 34.8% 32.3% 35.8% 34.5% 

Filled the kettle less (p=0.169) 73.1% 75.0% 74.4% 77.4% 75.5% 72.8% 78.9% 81.6% 71.0% 75.3% 

Put lids on pans when cooking 
(p=0.028) 

65.7% 73.5% 71.1% 76.6% 77.1% 71.5% 76.9% 79.6% 70.1% 73.4% 

Used lights less ï by this we 
mean switching lights off when 
you leave a room or using 
fewer lights in rooms (p=0.538) 

80.1% 77.0% 81.7% 76.2% 82.4% 78.5% 80.6% 84.1% 78.9% 79.7% 

Sample size 201 200 180 248 188 246 247 201 355 2066 

Shading = higher than the total %, Bold = Higher by 3%. 

 

Table 5.7 Percentage of each trial group still taking each action (FP and NFP strata) 

Action (p-value) 

Trial group 

Total 1 2 4 5 6 7 8 9 10 

Turn the thermostat down 
(p=0.111) 

62.7%  70.5% 68.3%  72.6%  64.9% 65.0% 72.9%  70.6%  64.2%  67.9% 

Reduce the amount of time 
your heating is on (p=0.006) 

63.7%  69.5%  73.9%  69.8% 67.0% 63.8% 74.5% 75.6% 62.8% 68.5% 

Have showers instead of baths 
(p=0.001) 

 61.2% 66.0% 70.0% 71.8% 70.7% 69.5% 75.3% 79.1% 64.5% 69.6% 

Fill the kettle less (p=0.035) 70.6% 72.5% 73.3% 76.2% 74.5% 71.1% 77.3% 80.6% 67.3% 73.3% 

Put lids on pans when cooking 
(p=0.018) 

64.2% 71.0% 70.6% 75.4% 75.5% 70.3% 75.3% 78.1% 67.0% 71.7% 

Use lights less ï by this we 
mean switching lights off when 
you leave a room or using 
fewer lights in rooms (p=0.362) 

77.6% 73.5% 80.0% 74.6% 81.4% 76.8% 78.5% 82.1% 75.5% 77.5% 

Sample size 201 200 180 248 188 246 247 201 355 2066 

Shading = higher than the total %, Bold = Higher by 3%. 
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Table 5.8 Sum of actions taken: cumulative percentages (FP and NFP strata) 

Sum 

Trial group 

Overall 1 2 4 5 6 7 8 9 10 

0 5.5% 5.5% 3.9% 4.0% 4.3% 5.7% 3.2% 0.5% 5.1% 4.3% 

1 11.4% 7.0% 6.1% 5.6% 8.0% 8.5% 4.0% 2.0% 7.6% 6.7% 

2 14.9% 13.0% 8.9% 10.1% 10.6% 13.0% 6.5% 6.5% 15.2% 11.2% 

3 22.4% 18.0% 17.8% 19.0% 20.7% 24.0% 16.6% 16.9% 23.7% 20.2% 

4 42.8% 32.0% 35.0% 33.5% 33.0% 41.1% 29.6% 27.4% 40.6% 35.4% 

5 67.7% 61.0% 62.2% 57.7% 54.8% 63.4% 54.7% 53.2% 63.1% 59.9% 

6 91.0% 87.5% 85.6% 87.9% 86.7% 88.6% 84.6% 84.1% 88.5% 87.3% 

7 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Sample 
size 

201 200 180 248 188 246 247 201 355 2066 

 

Table 5.9 Sum of actions still taken: cumulative percentages (FP and NFP strata) 

Sum 

Trial group 

Overall 1 2 4 5 6 7 8 9 10 

0 8.5% 8.5% 5.6% 5.2% 6.4% 7.3% 4.5% 2.5% 8.5% 6.4% 

1 14.4% 10.0% 7.8% 8.1% 10.1% 11.0% 6.1% 5.0% 11.5% 9.4% 

2 17.4% 16.0% 11.1% 13.3% 13.8% 15.0% 10.5% 10.9% 20.6% 14.7% 

3 29.9% 24.0% 23.9% 23.4% 25.5% 29.7% 21.1% 19.4% 31.8% 25.8% 

4 50.2% 42.0% 45.6% 41.9% 41.0% 46.7% 38.1% 33.3% 51.0% 43.8% 

5 79.6% 76.5% 70.0% 67.7% 69.1% 73.6% 66.0% 62.7% 75.2% 71.3% 

6 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Sample 
size 

201 200 180 248 188 246 247 201 355 2066 

 

Table 5.10 Sum of actions taken: p-values for differences between pairs of groups (FP and NFP strata) 

Trial 
Number 

Trial group 

1 2 4 5 6 7 8 9 10 

1 - 
        

2 0.050* - 
       

4 0.069~ 0.926 - 
      

5 0.022* 0.793 0.763 - 
     

6 0.019* 0.590 0.596 0.767 - 
    

7 0.501 0.198 0.223 0.107 0.086~ - 
   

8 0.001** 0.188 0.185 0.260 0.467 0.007** - 
  

9 <0.001** 0.099~ 0.104 0.146 0.294 0.003** 0.713 - 
 

10 0.416 0.191 0.215 0.092~ 0.075~ 0.953 0.004** 0.002** - 

~p<0.1, *p<0.05, **p<0.01 (Shading also denotes p<0.01 ï because of the large number of independent tests, this more 
conservative criterion should be used.) 
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Table 5.11 Sum of actions still taken: p-values for differences between pairs of groups (FP and NFP strata) 

Trial 
Number 

Trial group 

1 2 4 5 6 7 8 9 10 

1 - 
        

2 0.146 - 
       

4 0.056~ 0.594 - 
      

5 0.010* 0.251 0.620 - 
     

6 0.029* 0.388 0.813 0.806 - 
    

7 0.294 0.696 0.325 0.115 0.226 - 
   

8 0.001** 0.051~ 0.209 0.420 0.323 0.017* - 
  

9 <0.001** 0.006** 0.043* 0.100 0.077~ 0.002** 0.369 - 
 

10 0.851 0.176 0.052~ 0.008** 0.031 0.325 <0.001** <0.001** - 

~p<0.1, *p<0.05, **p<0.01 (Shading also denotes p<0.01 ï because of the large number of independent tests, this more 
conservative criterion should be used.) 

 

Table 5.12 Percentage of each trial group that had taken each action (HUDF) 

Action (p-value) 

Trial group 

Total 5 7 8 9 10 

Turned the thermostat down (p=0.730) 68.0% 74.0% 75.0% 76.0% 72.0% 73.0% 

Reduced the amount of time your heating is on (p=0.710) 68.0% 69.0% 70.0% 76.0% 68.0% 70.2% 

Had showers instead of baths (p=0.189) (74.0% 74.0% 85.0% 73.0% 72.0% 75.6% 

Fitted a hot water cylinder jacket (p=0.754) 31.0% 31.0% 34.0% 38.0% 37.0% 34.2% 

Filled the kettle less (p=0.010) 64.0% 70.0% 83.0% 81.0% 77.0% 75.0% 

Put lids on pans when cooking (p=0.212) 78.0% 66.0% 78.0% 78.0% 76.0% 75.2% 

Used lights less ï by this we mean switching lights off when 
you leave a room or using fewer lights in rooms (p=0.884) 

78.0% 77.0% 81.0% 79.0% 75.0% 78.0% 

Sample size 100 100 100 100 100 500 

Shading = higher than the total %, Bold = Higher by 3%. 

 

Table 5.13 Percentage of each trial group still taking each action (HUDF) 

Action (p-value) 

Trial group 

Total 5 7 8 9 10 

Turn the thermostat down (p=0.683) 64.0% 71.0% 71.0% 73.0% 71.0% 70.0% 

Reduce the amount of time your heating is on (p=0.452) 64.0% 67.0% 68.0% 76.0% 68.0% 68.6% 

Have showers instead of baths (p=0.311) 71.0% 72.0% 82.0% 71.0% 71.0% 73.4% 

Fill the kettle less (p=0.010) 60.0% 68.0% 80.0% 78.0% 75.0% 72.2% 

Put lids on pans when cooking (p=0.242) 74.0% 64.0% 76.0% 77.0% 74.0% 73.0% 

Use lights less ï by this we mean switching lights off when 
you leave a room or using fewer lights in rooms (p=0.943) 

74.0% 75.0% 78.0% 78.0% 75.0% 76.0% 

Sample size 100 100 100 100 100 500 

Shading = higher than the total %, Bold = Higher by 3%. 
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Table 5.14 Sum of actions taken: cumulative percentages (HUDF) 

Sum 

Trial group 

Overall 5 7 8 9 10 

0 8.0% 5.0% 2.0% 6.0% 1.0% 4.4% 

1 11.0% 7.0% 3.0% 8.0% 4.0% 6.6% 

2 14.0% 14.0% 3.0% 9.0% 9.0% 9.8% 

3 25.0% 26.0% 13.0% 16.0% 20.0% 20.0% 

4 40.0% 40.0% 33.0% 28.0% 38.0% 35.8% 

5 56.0% 61.0% 57.0% 51.0% 62.0% 57.4% 

6 85.0% 86.0% 83.0% 81.0% 89.0% 84.8% 

7 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Sample size 100 100 100 100 100 500 

 

Table 5.15 Sum of actions still taken: cumulative percentages (HUDF) 

Sum 

Trial group 

Overall 5 7 8 9 10 

0 12.0% 7.0% 4.0% 8.0% 3.0% 6.8% 

1 15.0% 11.0% 6.0% 11.0% 7.0% 10.0% 

2 19.0% 16.0% 7.0% 12.0% 12.0% 13.2% 

3 33.0% 32.0% 21.0% 19.0% 26.0% 26.2% 

4 48.0% 46.0% 40.0% 32.0% 48.0% 42.8% 

5 66.0% 71.0% 67.0% 65.0% 70.0% 67.8% 

6 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Sample size 100 100 100 100 100 500 

 

The findings from this section of the survey must be taken with some caution, given that: 

¶ it is not always clear how respondents might have interpreted the questions; 

¶ not all actions would have been available to all respondents (e.g. taking more showers is an option only if there is 
a shower); 

¶ some actions need to be repeated (e.g. putting lids on cooking pans), others are one-off or infrequent changes 
(e.g. heating thermostat or timer settings); 

¶ responses required recall of a two-year period; 

¶ each question allows a wide range of frequency or intensity of action within the answer ñyesò. 

The overall pattern is more meaningful than any one question; the overall pattern tends to reinforce the findings for 
energy consumption, while adding to the doubt over the effects in the HUDF stratum being genuine.  

Awareness of billing changes 

Only 66% of those who had been receiving monthly bills were aware of it. This should probably be compared with 
81% of the other groups saying they received quarterly bills (84% quarterly or less frequently), rather than an 
optimistic 100%. Nevertheless, it limits the potential for the billing interventions to have any effect. The quality of 
data did not allow further exploration of the billing interventions. 



AECOM Energy Demand Research Project: Final Analysis 65 

 

Capabilities on project: 

Building Engineering 

 

Response to energy efficiency advice 

Four trial groups received (with their bills) advice on reducing energy use. TG2 had advice only, TG6 also received a 
clip-on RTD. TG8 received a smart meter and monthly bills with historic feedback and TG9 in addition received a 
mains RTD displaying both gas and electricity data. 

Overall response 

There was a significant difference between trial groups in the percentage of respondents who recalled receiving the 
advice. With or without a smart meter, overall 57% of respondents recalled receiving the advice but there was a 
distinct difference between non-smart meter groups ï 48% if an RTD was provided, 65% if not. It appears that one 
intervention may interfere with recall of another. 

Among those who recalled receiving the advice, ratings of how useful it had been did not differ significantly between 
trial groups (p=0.890). Across all groups, 8.8% found the advice ñNot at all usefulò, 20.7% ñNot very usefulò, 50.9% 
ñQuite usefulò and 19.6% ñVery usefulò. 

Response to specific aspects of the advice 

Trial groups did not differ significantly in their rating of the usefulness of specific aspects of the advice. The 
percentage responding in each category and the overall ratings, across groups, are shown in Table 5.16. Advice on 
heating, lighting and appliances were most highly rated. Advice on saving energy while cooking was least highly 
rated. Hot water and insulation advice were intermediate.  

Table 5.16 Ratings of the usefulness of different aspects of advice 

Aspect of advice 
Not at all 

useful 
Not very 
useful 

Quite 
useful 

Very 
useful 

Mean rating
22

 
(sample size) 

Insulation (e.g. cavity wall and loft insulation, draught 
exclusion) 

15.8% 18.6% 45.7% 19.9% 2.7 (543) 

Heating (e.g. servicing boiler, turning thermostat down, 
fitting thermostatic controls) 

11.2% 16.7% 51.7% 20.4% 2.8 (544) 

Hot water (e.g. immersion heater, fitting cylinder jacket, 
advice on showers and baths) 

12.8% 20.0% 48.9% 18.3% 2.7 (530) 

Cooking (e.g. not overfilling kettles, putting lids on pans, 
using the microwave and grill) 

16.5% 20.7% 44.9% 17.9% 2.6 (521) 

Appliances (e.g. energy efficient ratings, filling the freezer) 11.9% 18.4% 48.6% 21.2% 2.7 (523) 

Lighting (e.g. energy saving bulbs, nightlights) 10.4% 19.7% 48.1% 21.7% 2.8 (538) 

 

These differences may be attributable to some combination of the advice itself (amount, clarity and quality), the 
householdôs prior awareness of the information provided, and relevance to the household (whether the advice 
relates to actions the household has not already taken, can take and is prepared to consider taking). Interpretation 
of the findings is therefore problematic but they may be taken to indicate that: 

¶ advice on heating, lighting and appliances is the easiest place to start; 

¶ more work is needed on delivering advice relating to cooking (perhaps because cooking involves decisions that 
distract from, override or are unrelated to energy use). 

                                                           

22
 Mean ratings were calculated by assigning values of 1-4 to the ratings, the value increasing with usefulness. 
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Response to RTDs 

Three trial groups were provided with an RTD ï TG4 had a clip-on RTD only, TG6 had a clip-on RTD plus advice 
and TG9 has a mains RTD displaying both gas and electricity data, plus smart meter, advice and monthly bills with 
historic feedback. Responses from these three groups were compared. 

Overall response 

Only 48.0% of respondents in TG9 were aware they had an RTD but this was non-significantly better than TG4 
(40.7%) and TG6 (42.0%).  

Among those who knew they had an RTD, a similar percentage of each trial group looked at it every day (51-54%). 
However, the percentage who looked at it less often (rather than ñNeverò or ñDonôt knowò) increased with complexity 
of intervention: TG4=14.3%, TG6=27.4%, TG9=37.6%. Therefore, the percentage who ever looked at it increased 
with complexity of intervention: TG4=68.6%, TG6=79.5%, TG9=88.2%. This effect of trial group was significant 
(p<0.001). Multiplying these figures by the proportions who were even aware of the RTD, the overall percentages 
who ever looked at the RTD become: TG4=28%, TG6=33%, TG9=42%. 

TG9 was also more likely to report finding the RTD useful (p=0.013) ï see Table 5.17.  

Table 5.17 Ratings of the usefulness of the RTD ï percentage in each category 

 

Trial group 

Total 4 6 9 

Not at all useful 18.2% 14.5% 4.1% 9.4% 

Not very useful 6.1% 7.2% 8.1% 7.5% 

Quite useful 25.8% 37.7% 33.1% 32.6% 

Very useful 50.0% 40.6% 54.7% 50.5% 

Sample size 66 69 172 307 

 

Response to specific aspects of the display 

Respondents were asked about the usefulness of different aspects of the display, using the general form of question 
ñHow useful do you find the following aspects of your visual display, in helping you to manage your energy use ï 
[ é ]?ò Because the RTDs were different, there were also differences in the questions between TG9 and TGs 4 and 
6. These questions were asked only to those who said they were aware of the particular feature, so they should be 
taken as a measure of usersô opinions, not the opinions of the whole sample. The view might be taken that those 
who did not know about the feature found it not useful; taking this into account would tend to increase the difference 
between aspects of the displays because those with the higher ratings also tended to have larger numbers of 
respondents. 

Mean ratings were calculated by assigning values of 1-4 to the ratings, the value increasing with usefulness. 

Ratings from TG9 are shown in Table 5.18. The ñtraffic lightsò were rated the most useful feature, current electricity 
usage in kW the least. Intermediate were display of electricity usage in pence per hour, kWh over defined periods 
and gas consumption over defined periods. There was no difference in overall ratings of numeric and graphic 
display of information.  
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TG4 and TG6 did not differ in their ratings of each display feature so the combined ratings are shown in Table 5.19. 
Respondents rated cost and temperature information the most useful, the least useful being greenhouse gas 
emissions and the usage alarm feature. Intermediate were kW and humidity displays. 

Table 5.18 Ratings of usefulness of display features (TG9) 

Aspect of display 

Not at all 

useful 

Not very 

useful 

Quite 

useful 

Very 

useful 

Mean rating 

(sample size) 

Real time electricity usage in pence per hour 6.9% 17.0% 34.6% 41.5% 3.2 (159) 

Real time electricity usage in units (kW) 8.8% 23.3% 39.0% 28.9% 3.0 (159) 

Traffic light indicators 4.8% 9.6% 24.6% 61.1% 3.5 (167) 

Information about electricity consumption across 

periods of time (e.g. per day/week/month/year) 
6.9% 11.3% 38.8% 43.1% 3.2 (160) 

Information about gas consumption across periods 

of time (e.g. per day/week/month/year) 
7.9% 9.3% 38.6% 44.3% 3.2 (140) 

Numerical energy use or cost information 9.1% 18.8% 39.0% 33.1% 3.0 (154) 

Graphical energy use or cost information 5.3% 18.0% 42.0% 34.7% 3.0 (150) 

 

Table 5.19 Ratings of usefulness of display features (TG4/6) 

Aspect of display 

Not at all 

useful 

Not very 

useful 

Quite 

useful 

Very 

useful 

Mean rating 

(sample size) 

Real time electricity usage in pence per hour 16.9% 8.5% 35.4% 39.2% 2.8 (130) 

Real time electricity usage in units (kW) 16.4% 11.7% 39.1% 32.8% 2.7 (128) 

Display of greenhouse gas emissions 32.3% 26.0% 21.9% 19.8% 2.2 (96) 

Temperature display 15.0% 9.2% 39.2% 36.7% 2.8 (120) 

Humidity display 22.1% 15.0% 34.5% 28.3% 2.6 (113) 

Alarm when cost per hour exceeds set limit 36.0% 12.8% 25.6% 25.6% 2.4 (86) 

 

The two types of RTD can be compared on two aspects of the display ï real time electricity usage in pence per hour 
and real time electricity usage in kW. In each case, respondents in TG9 gave the higher ratings. Another 
comparison that can be made is the highest rating each respondent gives to any aspect of the display. The concept 
behind this comparison is that, if one aspect is useful, the display is useful. Whereas 91% of TG9 found at least one 
aspect of the display useful or very useful (and 3% found no aspect useful), the equivalent figures for TG4/6 were 
83% and 13%.  



AECOM Energy Demand Research Project: Final Analysis 68 

 

Capabilities on project: 

Building Engineering 

 

5.3 Summary of E.ON and AECOM findings 

5.3.1 Demand reduction  

Electricity 

Non-smart meter groups 

None of the non-smart meter interventions had a significant impact on electricity consumption. 

Smart meter groups 

The E.ON and AECOM findings did not differ dramatically but the AECOM analysis ï allowing for the non-normal 
distribution of data and defining a rolling set of trial years ï revealed some additional significant effects. 

Significant reductions in consumption were seen in all high use dual fuel (HUDF) groups and in all strata in TG9 
except the not ófuel poorô (NFP), for which there was a non-significant reduction.  

Findings in the HUDF groups are most likely to be due to regression to the mean rather than the effect of any 
particular intervention, compounded by a mismatch between pretrial consumption (which was far higher in the HUDF 
trial groups than the HUDF control groups). 

Hence, the effect in TG9 (i.e. provision of an RTD in addition to advice and monthly bills) appears to be the key 
ingredient. Equally importantly, there were (mainly non-significant) increases in consumption in groups without an 
RTD. Since there was not a smart meter trial group with RTDs but without advice or monthly bills, it is uncertain 
whether RTDs would have had the same impact without these supporting interventions. 

Gas 

Non-smart meter groups 

None of the non-smart meter interventions had a significant impact on gas consumption. 

Smart meter groups 

As for electricity, the E.ON and AECOM gas findings did not differ dramatically but the AECOM analysis ï allowing 
for the non-normal distribution of data and defining a rolling set of trial years ï revealed some additional significant 
effects. 

Reductions in gas consumption were significant in every intervention involving a smart meter. 

Although the HUDF groups were defined by high electricity consumption, they also had high gas consumption ï 
higher than other strata and higher in the HUDF trial groups than the HUDF control groups. Findings in the HUDF 
groups are therefore most likely to be due to regression to the mean rather than the effect of any particular 
intervention.  

Seasonal smoothing effects 

The E.ON findings also demonstrated an important issue with comparing data between smart and non-smart 
meters. The smart meter groups show greater seasonal extremes than the non-smart control groups for both 
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electricity and gas, with significantly lower consumption than the control group in almost every spring/summer 
quarter in every group, sometimes outweighing higher consumption in autumn/winter quarters.  

This may be entirely due to ñsmoothingò of the non-smart data because of the need to interpolate infrequent 
readings over each quarter. If so, then analysis at sub-annual level would be valid only when comparing smart meter 
trials with smart-meter-only groups treated as control groups. In the current assessment, it is assumed that 
smoothing is a sufficient account of this seasonal variation but this needs to be better understood for any future 
trials. 

5.3.2 Persistence of effects 

Electricity 

The significant reductions in consumption persisted through to in-trial year 1 plus 3 quarters. In the ófuel poorô (FP) 
groups, savings if anything increased over time. 

Gas 

Reductions in gas consumption persisted to in-trial year 1 plus 1 quarter and, in some cases to in-trial year 1 plus 2 
quarters (with a trend for some strengthening of the effect in in-trial year 1 plus 1 quarter). The only effect that 
persisted through to in-trial year 1 plus 3 quarters was in TG8 (smart meter, monthly bills and energy advice) for FP, 
which had the greatest median percentage difference in in-trial year 1.  

5.3.3 Implications of the survey findings 

Differences in survey response are consistent with the analysis of consumption data, the RTD being more likely to 
be used in TG9 than in the two non-smart meter groups (TG4 and TG6), and rated as more useful. Since the groups 
differed in both the type of RTD and the context of other interventions, the reasons for the differences in response 
cannot be stated with certainty. However, the differences in the RTDs themselves are the most likely explanation. 

Reports of actions taken further indicate the benefit of RTDs but also suggest that energy advice was affecting 
behaviour by the end of the trial, perhaps too late to be seen in the consumption data. This was more distinct in the 
smart meter groups than in the non-smart meter groups. The additional bill data did not show any positive effect and 
may even have had a negative effect. Behavioural changes were more weakly evidenced in the HUDF groups, again 
supporting the conclusion that changes in consumption in these groups were artefactual. 

Across all the interventions, there was scope for more households to have become and remained aware of the 
information or technology provided, and to have engaged with it on a regular basis. Hence, there is potential for 
greater impact on consumption ï with or without smart meters.  

The survey also provides evidence relating to the optimum design of RTDs, supporting findings in the literature that 
cost data and simple graphics are key features. In contrast, CO2 emissions and the usage alarm were not widely 
used or highly rated features. One surprise is perhaps the high ratings given to the temperature display of the clip-
on RTD but this might have been particularly useful when interpreting advice about room temperature. 
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This section presents AECOMôs analysis of the energy consumption data and the consumer survey data from 

Scottish Power. The summary at the end brings together findings from Scottish Powerôs analysis and AECOMôs. 

Appendix B3 summarises the issues that need to be considered, related to the research design and execution, 

when interpreting or applying the findings. 

6.1 Energy Consumption Data 

6.1.1 Introduction 

Scottish Power carried out a range of analyses to investigate the impact of its interventions on energy consumption. 
Those analyses were based on ñTest Pointsò ï 90-day periods at strategic points in the trial. In the course of 
reviewing the findings from all the suppliers, it became apparent that use of such a short comparison period is 
problematic, especially when comparing data from smart and non-smart meters. Therefore, our analysis uses as 
close to a full year of data as the trial design allows.

23
  

The analysis by Scottish Power used the ratio of consumption in the trial period to consumption in the same months 
in the pretrial period whereas other suppliers used the difference in consumption between periods. The pros and 
cons of using the ratio were discussed with Scottish Power but we are convinced that it is appropriate to use the 
difference (and this approach has been seen universally in the literature review where baseline data were available). 
Scottish Powerôs reasons for using ratios were (a) this better represented differential opportunities to save energy 
among high and low users; (b) financial incentives were based on percentage and (c) the ease of achieving absolute 
savings levels would vary with season. However, using ratios means that saving a kWh is given different value for 
different customers and reductions from a high baseline are less likely to be detected. It is unlikely that customers 
would have thought about the ratio basis of the targets, especially since none asked Scottish Power how the target 
was calculated. 

Furthermore, in our analysis a constant baseline period was maintained, using only pretrial data. Scottish Power had 
compared Phases 2 and 3 with Phase 1, which looks at cumulative rather than overall effects ï this could fail to 
detect effects if they emerge in two stages. The Phases and trial groups are described in Section 3.3. 

Scottish Power found no effect of any intervention in Phases 1 and 2 of its trial. In Phase 3, there were significant 
savings in all three groups of credit customers but in neither group of prepayment customers. We did not expect this 
to change dramatically in the new analysis and we therefore focussed on comparing trial groups with each other, 
rather than with the control groups. Credit and prepayment customers were included in separate analyses since the 
Scottish Power analysis had shown that they have quite different responses to the intervention. The main point of 
the AECOM analysis was to check directly whether adding an RTD to other levels of intervention had any additional 
impact on consumption. 

Data were provided in three formats: 

¶ raw energy consumption data; 

¶ weather-adjusted energy consumption data: takes into account variations in weather conditions for the same day 
between different years; 

                                                           

23
 We would have preferred to analyse the change in energy consumption between pretrial and in-trial periods at different times 

of the year as the impact of the interventions may vary according to the time of year and time from start of intervention (and, in 
Phase 3, with the details of the intervention). However, the pretrial data are derived from non-smart meters and, as shown in 
Section 2.3, households were selected that only had a minimum of two readings per year. Given the variation in consumption 
between seasons, it was considered too inaccurate to use this information to interpolate monthly or even quarterly pretrial energy 
consumption levels for comparison with smart meter data.  

6 Analysis of Scottish Power Data 
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¶ weather-adjusted and time-corrected energy consumption data: takes into account of weather variations both 
between years and for different days within a given year). 

The weather- and time-corrected data, as used by Scottish Power, were used for the analysis. This makes some 
allowance for comparison over years that have different weather and for use of periods less than 12 months. 
Previous work by Ofgem, CSE and the energy suppliers had investigated the robustness of the correction factors 
and this was therefore not investigated further in this work. Data were provided in the form of quarterly aggregate 
figures ï this was appropriate to the analysis periods used.  

For the smart meter interventions, in the quarterly aggregates, it was appropriate to use the meter readings 
automatically transmitted at monthly intervals rather than using the more frequent (half-hourly) consumption data. 
The latter dataset typically has missing data in each quarter which need to be estimated to determine total 
consumption.  

Outliers were excluded using the same approach as Scottish Power, i.e. changes greater than 50% between pretrial 
and in-trial period were excluded. Initial examination of the resulting distributions of the changes in corrected energy 
consumption showed that they were sufficiently close to a normal distribution (i.e. a bell shaped curve) for 
parametric statistical techniques to be used. A multivariate modelling strategy had earlier been planned but the 
introduction of survey variables would have unacceptably reduced the sample sizes and other possible confounders 
were not available in the database. Hence bivariate statistical methods were used. 

The same baseline year was used for each Phase (Apr 06 ï Mar 07) but different quarters within that year were 
used to match the quarters analysed in each Phase. Also, the households included in each baseline period were 
those for which data were available for the Phase being analysed. For both these reasons, the baseline figures differ 
between Phases. The means for the baseline period are shown in Table 6.1, along with each figure normalised to 
CG1=100, to make comparison easier. The trial groups are described in Section 3.3.2. 

Table 6.1 Baseline consumption figures used for each Phase 

 Electricity consumption Gas consumption 

 kWh Normalised MWh Normalised 

Phase: 1 2 3 1 2 3 1 2 3 1 2 3 

TG1 4223 4486 4264 103 101 101 24.07 31.84 24.34 101 102 102 

TG2 3818 4279 4019 93 97 95 23.11 29.57 23.03 97 95 97 

TG3  4313 4088  97 97  29.99 23.81  96 100 

CG1 4107 4431 4231 100 100 100 23.90 31.29 23.81 100 100 100 

TG4  4356   98  21.25 31.14 21.69 89 100 91 

TG5  4123   93  21.00 35.30 21.37 88 113 90 

CG2  4481   101  19.45 25.82 19.37 81 83 81 

 

6.1.2 Phase 1 

Comparisons made  

Phase 1 lasted for 12 months but there was a staggered start, the households that received an RTD being supplied 
with the equipment over the first two months. Therefore, for the analysis, the quarterly data were aggregated over a 
9-month period (i.e. missing the first quarter). The periods compared were pretrial (Jul 06 ï Mar 07) with in-trial 
(Jul 07 ï Mar 08). 
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The questions posed were (a) has any of the interventions caused a change in consumption that differs from the 
applicable control group and (b) does an intervention with RTD cause a different effect to an intervention without 
RTD? Hence the two credit trial groups (TG1 with RTD, TG2 without RTD) were compared with each other and with 
the control group CG1, using analysis of variance (ANOVA) to determine whether the three groups differed from 
each other at all. Where the ANOVA showed a significant overall effect, it was followed up by using Tukey multiple 
comparison tests to determine which particular groups differ from each other. Similarly, for the prepayment groups, 
TG4, TG5 and CG2 were compared (using gas data only ï insufficient data were available for electricity). Note that 
all of the groups in Phase 1 used a non-smart meter. 

Results  

Figures for changes from pretrial (mean change, sample size and standard deviation) are shown in Table 6.2. The 
effect of trial group on electricity consumption was not significant (p>0.1) for the credit groups. This means that the 
changes between the pretrial and in-trial period did not differ significantly between any pairs of groups tested.  

The effect of trial group on gas consumption was significant (p=0.002) for the credit groups but not for prepayment 
groups (p>0.1). Multiple comparisons showed that the reduction in consumption was greater in the control group 
than in TG1 (p=0.034) and TG2 (p=0.001). 

The analysis confirms the Scottish Power findings that the Phase 1 interventions did not result in any reduction in 
energy consumption. In the case of gas consumption, the significant effect shows the opposite of the expected 
difference, i.e. the reduction is greater in the control group.  

These results are not accounted for by differences in baseline consumption: TG1 had baseline electricity and gas 
consumption slightly higher than CG1 whereas TG2 had slightly lower consumption. Both TG4 and TG5 had higher 
baseline consumption than CG2. 

Table 6.2 Changes in energy consumption (kWh) between pretrial and Phase 1
24

 

Group 

Electricity Gas 

Mean N S.D. Mean N S.D. 

TG1 -101 204 620 -1207 194 2912 

TG2 -60 217 482 -907 209 2911 

CG1 -78 130 450 -2000 203 3605 

TG4    -955 182 2687 

TG5    -931 176 2650 

CG2    -1453 168 3007 

 

6.1.3 Phase 2 

Comp arisons made  

Phase 2 lasted for 7 months but there was a staggered start: the trial group (TG1-5) households received a smart 
meter or had prepayment meters reconfigured over the first five months. Therefore, it was considered valid to 
analyse data for only one in-trial quarter (Jul 08 ï Sept 08), using only households for which there are smart or 
reconfigured meter data throughout the quarter, and comparing with a pretrial period of Jul 06 ï Sept 06. Because of 
the short period analysed, it was not considered appropriate to compare smart trial group data with non-smart 
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control group data. Although the trial groups had non-smart pretrial data, this was consistent across groups and 
therefore of lesser concern. 

The question posed was whether an intervention with an RTD causes a different effect to an intervention without an 
RTD. Hence the two established credit trial groups (TG1 and TG2) were compared with each other using a t-test. 
TG3 was not used in the analysis because it was in the process of joining the trial during Phase 2 and therefore 
differed from TG2 in ways other than the provision of an RTD. Similarly, for the prepayment groups, TG4 and TG5 
were compared. TG1 had an upgraded RTD at this stage whereas TG4 retained the existing device. 

Results  

The effect of trial group was not significant (p>0.1) for electricity or gas consumption, for either credit or prepayment 
groups. The analysis confirms the Scottish Power findings that the Phase 2 interventions did not result in any 
reduction in energy consumption, although the non-significant trend was the same in all four comparisons, i.e. the 
group with an RTD made savings relative to the group without. Figures for changes from baseline are shown in 
Table 6.3. 

These results are not accounted for by differences in baseline consumption: TG1 had slightly higher baseline 
electricity and gas consumption than TG2. TG4 had slightly higher baseline electricity consumption than TG5. These 
differences would tend to make it more likely for the reduction to be higher in the groups with an RTD. Only for gas 
consumption in TG4 and TG5 is the trend reversed. 

Table 6.3 Changes in energy consumption (kWh) between pretrial and Phase 2
25

 

Group 

Electricity Gas 

Mean N S.D. Mean N S.D. 

TG1 -103 167 1013 -7763 88 6427 

TG2 -84 134 715 -6334 75 6964 

TG4 9 36 866 -1844 127 5824 

TG5 39 39 977 -1224 142 6795 

 

6.1.4 Phase 3 

Comparisons made  

Phase 3 lasted for 15 months, which gave the opportunity to compare a full year of data with the available baseline 
year (Apr 06 ï Mar 07), meaning that all trial and control groups could be included. The in-trial period selected was 
the whole of 2009, the period from the mid-term update in Wave 1 to the postcard update in Wave 4.  

The questions posed were (a) does the series of financial incentives in Phase 3 result in a reduction in energy 
consumption, (b) does an intervention with an RTD cause a different effect to an intervention without an RTD and 
(c) does this depend on the prior experience of Phase 1? Hence the analysis compared credit trial groups TG1, TG2 
and TG3 with each other and with CG1, using analysis of variance (ANOVA) with Tukey multiple comparison tests 
to determine which (if any) groups differ from each other. Similarly, for the prepayment groups, TG4, TG5 and CG2 
were compared (using gas data only - insufficient data were available for electricity). 
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Results  

Figures for changes from the pretrial period are shown in Table 6.4. 

The effect of trial group on electricity consumption was not significant (p>0.1) for the credit groups. This means that 
the changes between pretrial and in-trial periods did not differ significantly between any pairs of groups. This 
conflicts with the Scottish Power findings that the reduction in electricity use was greater in the trial groups in three 
or four out of the five Test Points during Phase 3. This is most likely to be due to the loss of intervention effect that 
Scottish Power saw in the middle of Phase 3.

26
 In any case, it emphasises the risk of looking at periods of less than 

a year and seeing temporary or artefactual effects. 

The results are not accounted for by differences in baseline consumption, which is similar in all four groups (slightly 
higher in TG1, slightly lower in TG2 and TG3 than in the control group).  

The effect of trial group on gas consumption was significant (p=0.001) for the credit groups but not for prepayment 
groups (p>0.1). Multiple comparisons showed that the reduction in consumption was less in the control group than in 
TG1 (p<0.001), TG2 (p=0.031) and TG3 (p=0.006) but TG1, TG2 and TG3 did not differ from each other (p>0.1). 
This is consistent with the Scottish Power findings, showing an overall saving of gas by all three credit trial groups 
but no significant additional effect of including an RTD. Concerns remain that this can be accounted for by the 
Hawthorne effect rather than a genuine effect of the interventions. 

The significant effect in the credit groups is not accounted for by differences in baseline consumption: TG1 had 
slightly higher baseline electricity and gas consumption than the control group, TG2 had slightly lower consumption 
and TG3 the same. The non-significant effect in the prepayment groups are not accounted for by differences in 
baseline consumption, which is higher in the trial groups than the control group.  

Table 6.4 Changes in energy consumption (kWh) between baseline and Phase 3
27

 

Group 

Electricity Gas 

Mean N S.D. Mean N S.D. 

TG1 -337 190 756 -3047 101 3343 

TG2 -243 188 641 -2418 99 2755 

TG3 -307 211 689 -2670 107 3463 

CG1 -176 60 490 -987 61 3098 

TG4    -1305 30 2572 

TG5    -1596 43 3544 

CG2    -1492 33 3905 
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 It might also arise from using a different baseline period or testing differences rather than ratios, but this did not change the 

other findings. 
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6.2 Survey data 

6.2.1 Rationale for analyses carried out 

Scottish Power carried out three main surveys, as described in Appendix A3. Here we report on the responses 
obtained to a selection of the questions asked. The reasons behind the choice of questions to analyse are listed 
below. 

¶ Questions were chosen to be analysed where further investigations could usefully add to those analyses already 
undertaken by Scottish Power. 

¶ Focus was put on understanding change in consumer behaviour and/or energy use. 

¶ In order for the conclusions drawn from the analyses to be robust, the questions chosen should not be unduly 
open to interpretation by respondents (e.g. because of their wording or because the response choices given for 
the questions were ambiguous). 

¶ It was important that questions chosen for analysis did not suffer from potential distortion by their position in the 
survey (e.g. because of questionnaire routing). Thus questions were only included where answers to earlier 
questions in the survey did not have the potential to distort responses. 

¶ In order for effective analyses to be undertaken, sufficient numbers of respondents had to exist.  

For the selected questions, the tables below show the responses given according to the trial group to which the 
respondent belonged. Trial groups are omitted from the analysis where the question did not apply to them (e.g. if the 
question was about RTDs and the group was not given RTDs). 

Chi-square tests have been carried out to test whether or not the responses to the questions are independent of the 
trial group to which the respondents belonged. In some circumstances, response categories have been combined in 
order to have sufficient number of respondents in the cells of the table for the assumptions behind the chi-square 
test to be valid. Missing data (including responses such as ñdonôt knowò and ñrefuse to answerò) have been omitted 
except where they have a particular relevant interpretation.  

6.2.2 Results 

Checking energy use 

Respondents were asked how often someone in the household checks ñhow much gas and electricity or energy you 
useò. The frequency of checking does not itself represent intention to reduce energy use, so the response 
categories ñfrequentlyò and ñoccasionallyò were combined and contrasted with ñneverò and ñonly when the bill comes 
inò. This also increased cell counts and thus allowed chi-square tests to be conducted. A follow-up question asks 
whether anything has happened to change how often checks are made. Together, these questions provide some 
insight into the impact of the trial interventions. The percentages checking frequently or occasionally are shown in 
Table 6.5.  
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Table 6.5 Percentage checking frequently or occasionally 

Customer type: 

Wave 1 Wave 2 Wave 3 

Credit Prepay. Credit Prepay. Credit Prepay. 

Control group (CG1/CG2) 28 39 29 62 31 54 

Trial group without RTD (TG2/TG5) 41 43 33 65 53 72 

Original trial group with RTD (TG1/TG4) 47 63 72 82 70 70 

New trial group with RTD (TG3) -  -  59 - 71 - 

 

In Wave 1, checking is more frequent if an RTD had been provided and among prepayment customers. The 41% 
figure for TG2 creates exceptions to this, but it appears to have been a temporary effect: the effect of RTD and 
customer type become more distinct in Wave 2 and the percentage of ñcheckersò has also increased, particularly in 
the prepayment groups. The difference between TG1 and TG3 also suggests that it may take a time to develop a 
habit of checking: this difference has disappeared in Wave 3 and checking in TG4 has also dropped back to the 
same level as TG1 and TG3, as trial participation ñmaturesò. Checking in TG2 and TG5 (trial groups without RTDs) 
has also increased by Wave 3 (probably in response to the Green Challenge), narrowing the gap with RTD credit 
groups and eliminating the gap with the RTD prepayment group. 

As shown in Table 6.6, in Wave 1, a higher percentage report something having happened if an RTD had been 
provided. In Wave 2, only TG3 stands out, having recently joined the trial. By Wave 3, the percentages for TG2 and 
TG5 have increased, perhaps meaning the Green Challenge was more salient to households that had not benefited 
from an RTD. 

Table 6.6 Percentage reporting that something had happened to change the frequency of checking
28

 

Customer type: 

Wave 1 Wave 2 Wave 3 

Credit Prepay. Credit Prepay. Credit Prepay. 

Control group (CG1/CG2) 5 10 27 20 15 20 

Trial group without RTD (TG2/TG5) 17 11 28 19 44 30 

Original trial group with RTD (TG1/TG4) 57 30 34 21 31 17 

New trial group with RTD (TG3) - - 56 - 42 - 

Response to RTD 

Overall response 

Recall of installation 

In the short term, the fact that an RTD had been installed was recalled to a similar extent across trial groups ï 87% 
in Wave 1 and, for the ecoMeter installation in Wave 2, 87% in TG1 and 94% in TG3. EcoMeter installation recall 
held up in Wave 3 (86% in TG1, 92% in TG3) but recall of the clip-on RTD fell to 74% in TG4. The clip-on and mains 
RTDS also differed in the percentage that were still fitted and working at Wave 3: 58% for the clip-on and 77% for 
the mains RTD. 
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Ease of use 

Reported ease of changing RTD settings does not differ between groups. Overall, 32% found it difficult or very 
difficult, 60% easy or very easy and 9% neither. While the net response is positive, there is clearly scope for 
improvement. 

Looking at the display 

Respondents were asked how often they or anyone else in the household looked at the display. To allow statistical 
comparisons, the number of response categories has been reduced to three: 

¶ daily (several times per day / once a day); 

¶ less often (every 2-3 days / once a week / occasionally); 

¶ rarely/uncertain/never (only when we get a bill / never / donôt know / unsure / on receipt of a letter from Scottish 
Power, encouraging its use). 

The percentages in each category are shown in Table 6.7. In TG4, the frequency of looking at the display increases 
markedly across waves; in TG1 it increases but not so obviously and in TG3 it decreases. This does not mirror the 
change in consumption in Phase 3, supporting the contention that the financial incentives were responsible, not the 
RTD. 

Table 6.7 Percentage showing how often the household looked at the RTD 

 TG1 TG3 TG4 

W1 W2 W3 W1 W2 W3 W1 W2 W3 

Daily 49 38 47 - 47 28 25 38 50 

Less often 4 42 31 - 42 46 22 22 39 

Rarely/uncertain/never 47 21 22 - 11 26 54 40 11 

 

Specific RTD functions 

Recall of functions 

In Wave 1, both TG1 (credit) and TG4 (prepayment) had the same type of clip-on RTD and participants in each 
group had similar recall of specific functions of the device. The display feature most often recalled first was 
consumption in units (47%), followed by consumption in cost (29%). When prompted further, recall rose and the 
figures are shown in Table 6.8.  

TG4 retained the same RTD in Wave 2 and the figures for percentage recall of features kept to a similar pattern, 
although at a lower overall level. With the higher specification RTD in Wave 2, TG3 had slightly higher recall of 
functions than TG1; this is perhaps because TG3 was getting an RTD for the first time and suffered less from 
confusion with the clip-on device. TG1 and TG3 had a similar pattern of recall, units of electricity again being the 
most frequent first mentioned (61%). Once first mentions and all other mentions were taken into account, the 
percentages of respondents recalling each function were as in Table 6.8.  

In Wave 3, TG4 was not asked the question. Responses did not differ significantly between TG1 and TG3 and the 
combined percentages are shown in Table 6.8. The figures kept to a similar pattern, although at a lower overall 
level, as Wave 2. 
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Table 6.8 Percentage who recall specific functions of the RTD 

 Wave 1 Wave 2 Wave 3 

TG1/4 TG4 TG1 TG3 TG1/3 

Electricity (units) 80 72 76 73 59 

Electricity (cost) 71 46 59 63 52 

Gas (units) - - 23 38 26 

Gas (cost) - - - - 22 

CO2 emissions 32 9 16 16 17 

óTraffic lightsô - - 27 48 33 

Usage alarm 29 - - - - 

Temperature/humidity 53 14 7 9 9 

 

Overall, electricity units and cost are clearly best recalled. Gas usage appears less salient, perhaps because there 
are fewer gas appliances and they are less relevant for regular checking. Awareness of the CO2 function is low and 
falling. The usage alarm has a similar initial level of awareness to CO2 but is not recorded in the database in Waves 
2 and 3. The traffic lights function also has a low level of awareness but this may be an artefact of the question 
format since the traffic lights reflect electricity usage rather than being an entirely separate function. The high initial 
awareness of the temperature function is interesting ï it may be that it is salient initially, as people consider 
adjusting their thermostat but its usefulness is then largely exhausted. There is a decline in recall of other functions 
too, but not as great a decline as for temperature. 

Use of functions 

Respondents reported how frequently they used each function of their RTD: frequently (F), occasionally (O) or never 
(N). At Wave 1, TG1 and TG4 did not differ in their reports of using any individual function. The most frequently used 
were electricity units (F=42, O=20) and cost (F=38, O=20), followed by the temperature and humidity function (F=22, 
O=17). Other functions (greenhouse gas emissions and the usage alarm) had percentages below 20 for frequently 
and occasionally combined.  

Because the question at Wave 2 was asked only if the respondent recalled the function, in most cases there are 
insufficient responses to compare trial groups or display functions. A new variable was therefore created, which was 
the frequency of the most frequently used function. Waves 1 and 2 are compared in Table 6.9, using this variable. 
Frequency of use had dropped in Wave 2 and was lower in both waves among prepayment customers using the 
simpler clip-on RTD. 

Table 6.9 Frequency of use of any function of the RTD
29

 

 TG1 TG3 TG4 

F O N F O N F O N 

Wave 1 59 16 26    43 25 32 

Wave 2 41 47 13 43 45 12 39 29 32 

 

                                                           

29
 Percentages of respondents who used any one (or more) of the display functions frequently, occasionally or never. 
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Relevance of functions 

Respondents rated the relevance of each RTD function on a scale of 1 to 5, where 1 means not at all relevant and 5 
means very relevant. Table 6.10 shows mean ratings for each trial group and survey Wave. Where differences are 
reported below, they are significant differences as determined by chi-square tests on the frequencies of each 
response category. 

In Wave 1, TG1 and TG4 do not differ in their ratings of the relevance of each function. Display of electricity usage 
(in either kW or cost) is rated more highly than CO2 or the alarm function. Ratings of the temperature display are not 
recorded. 

In Wave 2, the pattern is the same for TG4 (temperature is now reported and falls in the middle of the rank order). In 
TG1 and TG3, ratings are similar for all functions (electricity and gas usage in units and cost, and the traffic light 
indicator) except temperature and the CO2 display, which had lower ratings. 

In Wave 3, the same question is asked but its context has changed, making it less directly related to saving energy. 
In addition, the traffic lights are not described so specifically, being included in a single question about ñthe alarm or 
warning lightò. Hence, comparisons are less meaningful but temperature moves up the rank order (to joint top with 
electricity cost in TG4). CO2 remains at lowest rank. 

There is little overall difference between trial groups but a trend for ratings to be highest in TG1 in Waves 1 and 2. 
The highest rating given to any feature was also analysed on the basis that, if one feature is relevant, the RTD is 
relevant. This also showed a trend for higher ratings in TG1, which is almost eliminated by Wave 3. Trends over 
time can largely be accounted for by the introduction of the mains RTD in Wave 2 but there is also a small trend for 
ratings to improve where the RTD remains the same.  

Table 6.10 Mean ratings of relevance of each RTD function 

 Wave 1 Wave 2 Wave 3 

TG1 TG4 TG4 TG1 TG3 TG4 TG1 TG3 

Electricity (units) 4.0 3.7 4.1 4.2 3.9 3.7 4.3 4.1 

Electricity (cost) 4.0 4.0 4.2 4.4 4.0 4.2 4.4 4.3 

Gas (units) - - - 4.2 3.9 - - - 

Gas (cost) - - - 4.2 3.9 - - - 

CO2 emissions 3.3 3.1 3.1 3.8 3.4 3.6 3.5 3.7 

óTraffic lightsô - - - 4.4 4.1 
3.5 4.2 4.2 

Usage alarm 3.5 3.3 3.3 - - 

Temperature/humidity - - 3.7 3.9 3.5 4.2 3.8 3.9 

Highest rating of any feature 4.3 4.0 4.3 4.5 4.3 4.5 4.5 4.4 
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6.3 Summary of Scottish Power and AECOM findings 

6.3.1 Demand reduction  

Electricity 

Non-smart meter groups 

None of the non-smart meter interventions had a significant effect on electricity consumption ï this applies to all the 
findings for Phase 1 and the prepayment customer findings in Phases 2 and 3. Both Scottish Power and AECOM 
found this. 

Smart meter groups 

The smart meter interventions had no effect in Phase 2, i.e. smart meter plus letters giving time of day breakdown of 
consumption, with or without an RTD being provided. Both Scottish Power and AECOM found this. 

In Phase 3, Scottish Power found significant reductions in all three credit customer groups (TG1 and TG3 with an 
RTD, TG2 without) during three of the four Waves of the Green Challenge financial incentive, each of which lasted 
three months. These three Waves had an incentive for electricity consumption reduction only, the other Wave 
having an additional gas-related incentive. AECOM found no effect over the central 12 months of Phase 3 as a 
whole although the trend was in the same direction as that observed by Scottish Power. The Scottish Power findings 
relate to each individual Wave and therefore give a more fine grain analysis but the control group and baseline non-
smart meter data are less reliable over the shorter period. On balance, it is reasonable to concur with the Scottish 
Power conclusion that there was a temporary effect of the three Waves that focused on reducing electricity 
consumption. The major concern with the finding is that it could be due to the Hawthorne effect rather than being a 
true effect of the intervention. However, the finding shows as a minimum that the credit households had the capacity 
to reduce consumption if the motivation to do so was sufficient. 

It is also debatable whether these are best viewed as smart meter interventions, given the efforts made to prevent 
customers from knowing they had a smart meter. They are better seen as tests of RTDs and financial incentives: 
although the smart meter technology was being tested, the experience of installation and understanding of the meter 
were not. At no point did the energy consumption of the groups with RTDs differ significantly from the groups without 
RTDs. 

Gas 

Non-smart meter groups 

None of the non-smart meter interventions had a significant effect on gas consumption ï this applies to all the 
findings for Phase 1 and the prepayment customer findings in Phase 2 and 3. Both Scottish Power and AECOM 
found this. The only exception was that AECOM found that consumption by credit customers decreased more in the 
control groups than in the trial groups in Phase 1. 

Smart meter groups 

The smart meter interventions had no effect in Phase 2, i.e. smart meter plus letters giving time of day breakdown of 
consumption, with or without an RTD being provided. Both Scottish Power and AECOM found this.  

In Phase 3, Scottish Power found significant reductions in all three credit customer groups during the third of four 
Waves of the Green Challenge financial incentive, each of which lasted three months, and during a three-month 
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break in use of incentives. The third Wave was the only one that had a gas-related incentive. AECOM found a 
significant reduction over the central 12 months of Phase 3 as a whole. The Scottish Power findings relate to each 
individual Wave and therefore give a more fine grain analysis but the control group and baseline non-smart meter 
data are less reliable over the shorter period. On balance, it is reasonable to concur with the Scottish Power 
conclusion that there was a temporary effect of the Wave that had a gas-related incentive, but also the non-
incentivised period preceding it. As for electricity, the major concern is that the finding could be due to the 
Hawthorne effect rather than being a true effect of the intervention. 

As with electricity, the interventions are better seen as tests of RTDs and financial incentives than tests of smart 
meters. At no point did the groups with RTDs differ significantly from the groups without RTDs. 

6.3.2 Implications of the survey findings 

Energy-saving measures 

At both Wave 2 and Wave 3 surveys (representing Phases 2 and 3), there was no significant difference between 
groups in the percentage reporting that they had taken new measures to save energy (or increased an activity) 
during the previous 12 months. There was also no difference in the mean number of new or increased activities. 
There was a tendency for the control groups to have taken actions earlier in the trial than the trial groups, resulting 
in similar numbers overall by the end of the trial. This is in keeping with the generally null or negative effect of the 
interventions on energy consumption. 

Advice 

Although 37% said the mailings were telling them nothing new, 66% would like to receive more of the same 
information, and qualitative research indicated that people wanted to be kept regularly informed on energy matters 
and relating to energy use (in a personal rather than generic way), as a reminder. The implication is that repetition of 
advice is not seen as a problem. 

Use of RTDs 

The clip-on RTD offered in Phase 1 was not accepted by 30% of credit customers and 22% of prepayment 
customers. Of those installed in the initial credit trial group (TG1), only 42% were still operational at Phase 2, when 
installers fitted smart meters. In the prepayment group, 58% of survey respondents said they were still fitted and 
working during the Wave 3 interventions (towards the end of the study). Overall, this limits the potential of the RTD 
to have any effect on consumption. 

The main-powered RTD fitted in Phase 2 for credit customers fared better, 77% being reported as fitted and working 
at Wave 3. Recall of the RTD being fitted was also higher in Wave 3 for the mains device (86-92%) than for the clip-
on (74%). Over the three Phases and three trial groups, between 11% and 54% of those who knew they had the 
RTD rarely or never checked it. Figures were generally better for the mains device (11-26%) than the clip-on (11-
54%) and general improved through the trial (47-54% in Wave 1, 11-26% in Wave 3). Nevertheless, overall there 
was limited potential for the RTD to affect consumption. Part of the problem appears to have been that 32% of users 
(across all groups that had an RTD) found it difficult or very difficult to change the settings. 

A more positive point is that RTDs did appear to make a difference to customers checking their energy use. Initially, 
prepayment customers were more likely to be checking their energy use, other than when they receive a bill. In the 
course of the trial, credit customers who received an RTD came up to the same level of checking as prepayment 
customers. In addition, receiving an RTD was associated with participants noting that something had happened to 
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change their frequency of checking. This effect was seen, even though not all recipients used (or even accepted) 
the RTD. 

RTD features 

Not all the display features were equally noticed, used or valued. Units of electricity was the feature most likely to be 
mentioned first, followed by cost of electricity but this is likely to be because of the set-up of the devices. In 
questions about the use or relevance of the display features, electricity cost was seen as more important. On all 
measures, CO2 emissions and (when available) gas consumption and an audible consumption alarm scored poorly. 
Temperature display was rated more highly than might have been anticipated, perhaps most so at the start, as a 
one-off response to advice about thermostat settings. The overall ñwinnerò was the traffic lights display on the mains 
RTD, providing a simple visual signal about consumption rate. 

Intervention communications 

Customer mailings were an important element in the Scottish Power trial and their quality was monitored and 
improved through the course of the trial. Recall and comprehension during Phase 3 was the highest achieved in the 
project (and similar among credit and prepayment customers ï the latter had recalled the material less well in earlier 
Waves). It was these later letters that offered financial benefits so it may be this, rather than changes in style, that 
was responsible. Self-rated comprehension of various aspects of the mailings did not differ between trial groups. 
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This section presents AECOMôs analysis of SSEôs energy consumption data and consumer survey data. The 
summary at the end brings together findings from SSEôs analysis and AECOMôs analysis. Appendix B4 summarises 
the issues that need to be considered, related to the research design and execution, when interpreting or applying 
the findings. 

7.1 Energy Consumption Data 

7.1.1 Introduction 

The analysis reported by SSE is comprehensive in the sense that it covers all interventions and revealed a coherent 
set of significant effects. However, because of the unbalanced factorial design, some of the effects are difficult to 
interpret. The analysis presented here seeks to provide further insight into the findings, particularly the two incentive 
interventions (incentive to reduce, incentive to shift), which could be examined only in the smart meter groups. 

Data preparation was different to that of the other three energy suppliers.  

¶ For SSE, we used a data-set provided directly by SSEôs analysis team. This was the same data-set used by SSE 
in its own analysis.  

¶ For the other suppliers, the data-set was provided by the Centre of Sustainable Energy (CSE). Whilst the data 
should have been the same as used in the energy supplierôs own analysis, there will have been some differences 
in the way that the data were prepared for analysis (e.g. selection of households with valid data, choice of pretrial 
and in-trial data). 

SSE used weather-adjusted and time-corrected electricity and gas consumption data to take account of weather 
variations, both between years and for different days within a given year. Previous work by Ofgem, CSE and the 
energy suppliers had investigated the robustness of the correction factors and this was therefore not investigated in 
this work. 

The analysis of changes in energy consumption was based on manual readings for non-smart meters (in-trial data 
for non-smart meter trial and control groups and all pretrial data). At least two meter readings were required for each 
household during the pretrial period and two meter readings during the trial. For smart meters, the energy 
consumption during the trial was based on automatically transmitted meter readings (typically sent at daily intervals). 

Households were removed where the difference between pretrial and in-trial data was: 

¶ greater than 5,000 kWh for electricity consumption analysis; 

¶ greater than 10,000 kWh for gas consumption analysis. 

The time of use analysis was based on electricity smart meter readings only. It was necessary to do this analysis on 
the half-hourly consumption data to be able to determine the consumption at different times of day. Where half-
hourly data are missing, an estimate is needed for the consumption during the missing period. An acceptable 
threshold was judged to be when less than 10% of consumption data were missing.  

7.1.2 Electricity demand reduction 

Main analysis 

The main factorial analysis was undertaken to investigate further the effects of the different components of the smart 
meter interventions. This included only trial groups 7 to 14 and 19 to 26 as they formed a balanced factorial design 
(all combinations of four of the interventions: incentive to shift, incentive to reduce, RTD and web information) for 

7 Analysis of SSE Data 
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households that additionally all had a smart meter, energy advice booklet and monthly bills with consumption history 
information. In total, 3308 households were included. 

The dependent variable was the change in consumption (pretrial to in-trial) for each household. A number of 
óconfounderô variables were added to the model to account for variability in the response due to factors other than 
the four interventions: 

¶ region within England, Scotland or Wales (16 regions in total); 

¶ postcode (first 2 letters of postcode); 

¶ grid supply point (gsp); 

¶ Mosaic demographic classification group; 

¶ awareness of the trial (Aware/Unaware/Committed ï see Section 3.4); 

¶ fuel type (electric smart meter only, gas smart meter only, electric and gas smart meters).
30

 

Table 7.1 shows a summary of the impact of the smart meter intervention measures. No main effects of 
interventions were significant at the 5% level but Web information was significant at the 10% level. The trend, 
however, was for less reduction in consumption where information was provided using the web. No two-way 
interactions between the four interventions were found to be significant at the 10% level once adjusted for all other 
effects in the model. The model summary is presented in Table 7.2. The adjusted means (least square means) for 
the main effects are presented in Table 7.3. 

Table 7.1 Summary of changes in the mean by trial group 

Trial 
group 

Interventions active in the trial group 

Number of 
households 

Pretrial 
mean 
(kWh) 

In-trial 
mean 
(kWh) 

Change in 
mean 
(kWh) 

Percentage 
savings (%) 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

11 
    

410 3883 3592 -292 7.5 

12 V 
   

180 3942 3657 -285 7.2 

13 
 

V 
  

184 4062 3822 -241 5.9 

14 V V 
  

193 3874 3553 -321 8.3 

23 
  

V 
 

251 3920 3555 -365 9.3 

24 V 
 

V 
 

135 3971 3680 -291 7.3 

25 
 

V V 
 

161 4117 3959 -457 11.1 

26 V V V 
 

139 4014 3790 -225 5.6 

10 
   

V 349 4104 3889 -216 5.3 

7 V 
  

V 196 4168 3895 -274 6.6 

8 
 

V 
 

V 195 3805 3528 -277 7.3 

9 V V 
 

V 195 3907 3647 -260 6.7 

22 
  

V V 254 3954 3777 -177 4.5 

19 V 
 

V V 153 4078 3743 -334 8.2 

20 
 

V V V 152 3889 3542 -347 8.9 

21 V V V V 161 3949 3633 -316 8.0 

 
                                                           

30
 We had wished this variable to reflect whether households had an electricity smart meter and/or a gas smart meter. However, 

this was not possible with the data-set available. Instead this variable classifies households into electricity-only, gas only, or dual 
fuel according to the data that remained after cleaning. The electricity-only and dual fuel cases were included in the analysis. 
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Table 7.2 Model summary 

Source DF Sum of squares Mean square F p 

Region 4 2519596 629899 0.86 0.4889 

Postcode 7 11956105 1708015 2.32 0.0230* 

Gsp 1 2115648 2115648 2.88 0.0898~ 

Mosaic 10 13219704 1321970 1.80 0.0556~ 

Awareness 2 2361795 1180897 1.61 0.2007 

Fuel type 1 140348 140348 0.19 0.6621 

Incentive to shift 1 342408 342408 0.47 0.4949 

Incentive to reduce 1 175588 175588 0.24 0.6250 

Web information 1 2596008 2596008 3.53 0.0603~ 

RTD 1 909633 909633 1.24 0.2660 

*p<0.05, ~p<0.10 

 

Table 7.3 Adjusted mean change for main effects of interest 

 
Mean Standard error  

No incentive to shift -537 96.6 

Incentive to shift  -514 97.5 

No incentive to reduce -517 95.6 

Incentive to reduce -533 98.5 

No RTD -554 97.1 

RTD -497 96.5 

No web information -508 96.6 

Web information -542 97.1 

 

The effect of postcode was significant at the 5% level but Region and Grid supply point were not, indicating a 
geographic variation that was not systematic as to which area of the country was represented. The effect of Mosaic 
group was marginally significant (i.e. at the 10% level), indicating some demographic variation in electricity savings 
but this variation was independent of trial interventions. 

The non-significant trends were for reductions in consumption to be greater where the incentive to reduce was 
provided, but smaller where an RTD or the incentive to shift was provided. Percentage savings in each cell of the 
factorial design are shown in Table 7.4. The effect of the incentive to reduce appears to have been more positive in 
the absence of the incentive to shift, except where there is no feedback via either an RTD or the web. This kind of 
complex interaction, suggesting interference between interventions, could not be detected by the analysis. The RTD 
effect was positive in 6 out of 8 cells but this was not sufficient to create an overall positive effect. 

Table 7.4 Percentage savings in each cell of the analysis 

Incentive 
to reduce 

Incentive 
to shift 

RTD No RTD 

Web information No web information Web information No web information 

Yes Yes  8.0  5.6  6.7  8.3 

No  8.9  11.1  7.3  5.9 

No Yes  8.2  7.3  6.6  7.2 

No  4.5  9.3  5.3  7.5 
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This main analysis could not include all the trial cells. Therefore, a series of supplementary analyses was 
conducted. Note that each set of results relates only to the analysis of that specific set of trial groups; no 
comparisons can be made across sets. 

Effect of smart meter ï with and without RTD 

This comprised two sets of trial groups: 

¶ with no other intervention [TGs 15 & 27 vs 32 & 3]; 

¶ with booklet and graphs on bills [TGs 11 & 23 vs 2 & 5]. 

Table 7.5 shows the interventions for these trial groups. There was only one household in TG15, and so this group 
was deleted from the analysis. The results presented here therefore relate only to TGs 32 (Control group), 2, 3, 5, 
11 and 27. In total there were 8875 households in this set. 

Table 7.5 Summary of trial groups 

Trial 
group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

32         

3       V  

5  V V      

2  V V    V  

15 V        

27 V      V  

11 V V  V     

23 V V  V   V  

 

The results are presented in Tables 7.6 - 7.9. This analysis means that groups with a smart meter had greater 
reductions in consumption than groups without a smart meter if they also had the advice booklet and additional data 
on their bills (monthly for smart meter groups, quarterly for others) ï with or without an RTD. The difference made by 
the smart meter was marginal if the advice booklet and additional data on bills were not provided, even though an 
RTD was provided. 

Table 7.6 Summary of changes in the mean by trial group 

Trial 
group 

Number of 
households 

Pretrial mean 
(kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percentage 
savings (%) 

32 3502 3915 3749 -166 4.23 

3 1203 4016 3829 -187 4.66 

5 1939 3855 3692 -163 4.24 

2 1297 4027 3842 -184 4.58 

27 273 3879 3567 -312 8.03 

11 410 3883 3592 -292 7.51 

23 251 3920 3555 -365 9.31 
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Table 7.7 Model summary 

Source DF Sum of squares Mean square F p 

Region 14 10720107 765722 1.18 0.2865 

Postcode 143 92705809 648292 1.00 0.5005 

Gsp 12 7439311 619943 0.95 0.4933 

Mosaic 11 15245499 1385954 2.13 0.0156 

Awareness 2 2212261 1106131 1.70 0.1831 

Fuel type 1 2043805 2043805 3.14 0.0765 

Trial group 6 10822609 1803768 2.77 0.0109 

 

Table 7.8 Adjusted mean change 

Trial group Mean change  Standard error 

32 -141 28.0 

3 -165 32.3 

5 -113 29.4 

2 -163 32.0 

27 -266 59.5 

11 -257 54.4 

23 -323 62.3 

 

Table 7.9 Specific comparisons of interest 

Trial groups Estimate
31

 Standard error t p 

3 vs 27 -101 58.8 1.72 0.0858 

2&5 vs 11&23 -152 45.9 3.31 0.0009 

  

Effect of booklet & graphs with smart meter  

This comprised two sets of trial groups: 

¶ effect of booklet with graphs and incentives [TGs 12-14 vs 16-18]; 

¶ effect of booklet and graphs with RTD and incentives [TGs 23-26 vs 27-30]. 

Table 7.10 shows the interventions for these trial groups. The results are presented in Tables 7.11 - 7.14. This 
analysis means that the advice booklet and additional graphical data on monthly bills did not affect consumption in 
the smart meter groups. In total there were 2511 households in this set. 

                                                           

31
 This refers to the estimate of difference between the trial groups, based on the statistical model. Refer to the text for 

interpretation of positive and negative values. 
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Table 7.10 Summary of trial groups 

Trial 
group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive to 
reduce RTD 

Web 
information 

16 V   V V    

17 V   V  V   

18 V   V V V   

27 V      V  

28 V    V  V  

29 V     V V  

30 V    V V V  

12 V V  V V    

13 V V  V  V   

14 V V  V V V   

23 V V  V   V  

24 V V  V V  V  

25 V V  V  V V  

26 V V  V V V V  

 

Table 7.11 Summary of changes in the mean by trial group 

Trial group 
Number of 
households 

Pretrial mean 
(kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percent 
savings (%) 

16 176 3970 3771 -199 5.01 

17 188 4002 3612 -391 9.76 

18 184 1076 3676 -401 9.83 

27 273 3879 3567 -312 8.03 

28 161 4271 3843 -428 10.02 

29 138 3924 3613 -311 7.93 

30 148 3994 3595 -399 9.99 

12 180 3942 3657 -285 7.24 

13 184 4062 3822 -241 5.93 

14 193 3874 3553 -321 8.29 

23 251 3920 3555 -365 9.31 

24 135 3971 3680 -291 7.33 

25 161 4117 3659 -457 11.11 

26 139 4014 3790 -225 5.60 
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Table 7.12 Model summary 

Source DF Sum of squares Mean square F p 

Region 4 1410911 352728 0.52 0.7221 

Postcode 5 7261111 1452222 2.14 0.0586 

Gsp 1 768912 768912 1.13 0.2878 

Mosaic 11 21360085 21360085 2.86 0.0010 

Awareness 2 791958 791958 0.58 0.5587 

Fuel type 1 900738 900738 1.32 0.2499 

Trial 13 13350657 13350657 1.51 0.1058 

 

Table 7.13 Adjusted mean change 

Trial group Mean Standard error 

16 -227 150 

17 -422 149 

18 -418 150 

27 -316 141 

28 -422 150 

29 -345 154 

30 -429 152 

12 -303 147 

13 -253 150 

14 -352 148 

23 -363 144 

24 -318 154 

25 -476 151 

26 -230 154 

 

Table 7.14 Specific comparisons of interest 

Trial groups Estimate Standard error t p 

12-14 vs 16-18 -53.3 49.9 1.07 0.2858 

23-26 vs 27-30 -31.6 45.7 0.69 0.4891 

12-14 & 16-18 vs 23-30 -33.3 34.8 0.96 0.3383 

Effect of booklet and RTD, without smart meter  

This comprised one set of trial groups, with factorial analysis [TGs 32, 1, 3 & 4]. Table 7.15 shows the interventions 
for these trial groups. The results are shown in Tables 7.16 to 7.18. This analysis means that the advice booklet did 
not affect consumption in the non-smart meter groups but the RTD had a small (1%) and marginally significant effect 
(p<0.1), which did not depend on the availability of the booklet. The results presented here are based on 9406 
households. 
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Table 7.15 Summary of trial groups 

Trial 
Group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

32         

4  V       

3       V  

1  V     V  

 

Table 7.16 Summary of changes in the mean by trial group 

Trial group 
Number of 
households 

Pretrial mean 
(kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percent 
savings (%) 

32 3502 3915 3749 -166 4.23 

4 3455 3888 3719 -169 4.35 

3 1203 4016 3829 -187 4.66 

1 1246 4073 3846 -228 5.60 

 

Table 7.17 Model summary 

Source DF Sum of squares Mean square F p 

Region 14 9701938 692996 1.09 0.3584 

Postcode 146 103792692 710909 1.12 0.1531 

Gsp 12 3897843 324820 0.51 0.9085 

Mosaic 11 6179408 561764 0.89 0.5537 

Awareness 2 2589152 1294576 2.04 0.1299 

Fuel type 1 3990408 3990408 6.29 0.0121 

Booklet 1 6759 6759 0.01 0.9178 

RTD 1 1969239 1969239 3.10 0.0781 

Booklet*RTD 1 430046 430046 0.68 0.4103 

 

Table 7.18 Adjusted mean change 

Booklet RTD Mean Standard error 

No - -200 24.5 

Yes - -205 23.4 

- No -184 23.3 

- Yes -220 25.0 

No No -189 26.3 

No Yes -210 30.7 

Yes No -179 24.7 

Yes Yes -231 29.5 
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Effect of graphs and RTD, added to booklet, without smart meter  

This comprised one set of trial groups, with factorial analysis [TGs 1, 2, 4 & 5]. Table 7.19 shows the interventions 
for these trial groups. The results are shown in Tables 7.20 to 7.22. This analysis means that the additional data on 
bills did not affect consumption in the non-smart meter groups that had the booklet. However, the RTD did have a 
small (1%) significant effect (p<0.05), which did not depend on the availability of the graphs. The results presented 
here are based on 7937 households. 

Table 7.19 Summary of trial groups 

Trial 
group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

4  V       

1  V     V  

5  V V      

2  V V    V  

 

Table 7.20 Summary of changes in the mean by trial group 

Trial group 
Number of 
households 

Pretrial mean 
(kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percent 
savings (%) 

4 3455 3888 3719 -169 4.35 

1 1246 4073 3846 -228 5.60 

5 1939 3855 3692 -163 4.24 

2 1297 4027 3842 -184 4.58 

 

Table 7.21 Model summary 

Source DF Sum of squares Mean square F p 

Region 14 13783485 984535 1.59 0.0741 

Postcode 140 76704777 547891 0.88 0.8322 

Gsp 12 5424759 452063 0.73 0.7238 

Mosaic 11 8935472 812315 1.31 0.2110 

Awareness 2 4250856 2125428 3.43 0.0325 

Fuel type 1 1610699 1610699 2.60 1.1070 

Graphs 1 1302563 1302563 2.10 0.1472 

RTD 1 3434975 3434975 5.54 0.0186 

Graphs*RTD 1 26664 26664 0.04 0.8357 
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Table 7.22 Adjusted mean change 

Graphs RTD Mean Standard error 

No - -220 23.7 

Yes - -194 25.3 

- No -183 23.7 

- Yes -230 25.3 

No No -198 25.0 

No Yes -241 29.7 

Yes No -168 28.0 

Yes Yes -220 30.5 

 

Effect of benchmarking  

This comprised one set of trial groups, with factorial analysis [TGs 5 & 6]. Table 7.23 shows the interventions for 
these trial groups. The results are shown in Tables 7.24 to 7.26. This analysis means that the addition of 
benchmarking comparisons on bills in the non-smart meter groups that had the booklet but no other intervention did 
have a significant effect (p<0.05) but the effect was small (savings of about 1%). The results presented here are 
based on 3841 households. 

Table 7.23 Summary of trial groups 

Trial 
group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

5  V V      

6  V V
32

      

 

Table 7.24 Summary of changes in the mean by trial group 

Trial group 
Number of 
households 

Pretrial 
mean (kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percent 
savings (%) 

5 1939 3855 3692 -163 4.24 

6 1902 3932 3724 -208 5.30 

 

Table 7.25 Model summary 

Source DF Sum of squares Mean square F p 

Region 14 7970655 569333 0.91 0.5478 

Postcode 131 88237130 673566 1.08 0.2651 

Gsp 11 10550163 959106 1.53 0.1128 

Mosaic 11 16137018 1467001 2.34 0.0071 

Awareness 2 5338463 2669231 4.26 0.0141 

Fuel type 1 1234228 1234228 1.97 0.1604 

Trial group 1 3154338 3154338 5.04 0.0248 

 

                                                           

32
 With benchmarking. 
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Table 7.26 Adjusted mean change 

Trial group Mean Standard error 

5 -123 36.4 

6 -186 36.2 

 

7.1.3 Gas demand reduction 

Main analysis 

A factorial analysis was undertaken similar to that of electricity demand reduction. In total, 1164 households were 
included. The same confounding variables were included except that gas zone replaced grid supply point. A 
summary of changes in consumption is shown in Table 7.27. 

No main effects of interventions were significant at either the 5% or 10% level. However, there was a significant 
interaction effect at the 5% level between the incentive to shift and web information, and a marginally significant 
interaction effect (at the 10% level) between the incentive to reduce and the RTD, once adjusted for all other effects 
in the model. The model summary is presented in Table 7.28. The adjusted means (least square means) for the 
main effects are presented in Table 7.29. 

Percentage savings in each cell of the factorial design are shown in Table 7.30. The first interaction means that 
savings were greater if participants had both the incentive to shift and web information, or neither, compared with 
those that had only web information. The second interaction means that the incentive to reduce was effective only 
when an RTD was provided. The significant differences are identified in Table 7.31. 

Table 7.27 Summary of changes in the mean by trial group 

Trial 
group 

Interventions active in the trial group 

Number of 
households 

Pretrial 
mean 
(kWh) 

In-trial 
mean 
(kWh) 

Change in 
mean 
(kWh) 

Percentage 
savings (%) 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

11 
    

134 17691 15576 -2115 12.0 

12 V 
   

65 17811 16010 -1801 10.1 

13 
 

V 
  

64 19394 17284 -2110 10.9 

14 V V 
  

70 17941 15838 -2103 11.7 

23 
  

V 
 

84 17341 15556 -1785 10.3 

24 V 
 

V 
 

48 18046 16600 -1446 8.0 

25 
 

V V 
 

49 18006 15509 -2497 13.9 

26 V V V 
 

53 16162 13645 -2517 15.6 

10 
   

V 136 17793 16018 -1775 10.0 

7 V 
  

V 66 18761 16435 -2326 12.4 

8 
 

V 
 

V 73 17959 16295 -1664 9.3 

9 V V 
 

V 70 19300 17081 -2219 11.5 

22 
  

V V 89 18095 16377 -1718 9.5 

19 V 
 

V V 45 16200 14463 -1737 10.1 

20 
 

V V V 55 18040 16417 -1623 9.0 

21 V V V V 63 17897 15201 -2696 15.1 
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Table 7.28 Model summary 

Source DF Sum of squares Mean square F p 

Postcode 4 6466280 16165702 2.11 0.0778~ 

Gas zone 1 1985490 1985490 0.26 0.6110 

Mosaic 10 199437888 19943789 2.6 0.0040** 

Awareness 2 9713007 4856503 0.63 0.5311 

Fuel type 1 29764970 29764970 3.88 0.0491* 

Incentive to shift 1 13072577 13072577 1.70 0.1920 

Incentive to reduce 1 15937749 15937749 2.08 0.1497 

Web information 1 7986630 7986630 1.04 0.3077 

RTD 1 498691 498691 0.07 0.7987 

Incentive to shift*web 
information 1 32379064 32379065 4.22 0.0401* 

Incentive to 
reduce*RTD 1 22448938 22448938 2.93 0.0874~ 

**p<0.01, *p<0.05, ~p<0.10 

 

Table 7.29 Adjusted mean change for main effects of interest 

Incentive 
to shift 

Incentive 
to reduce 

Web 
information RTD Mean 

Standard 
error 

No - - - -2197 344 

Yes - - - -2424 356 

- No - - -2159 345 

- Yes - - -2462 356 

- - No - -2364 353 

- - Yes - -2257 345 

- - - No -2313 351 

- - - Yes -2308 347 

No - No - -2423 365 

No - Yes - -1970 356 

Yes - No - -2303 382 

Yes - Yes - -2544 374 

- No - No -2305 359 

- No - Yes -2012 364 

- Yes - No -2321 378 

- Yes - Yes -2603 378 
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Table 7.30 Percentage savings in each cell of the analysis 

Incentive 
to reduce 

Incentive 
to shift 

RTD No RTD 

Web information No web information Web information No web information 

Yes Yes  15.1  15.6  11.5  11.7 

No  9.0  13.9  9.3  10.9 

No Yes  10.7  8.0  12.4  10.1 

No  9.5  10.3  10.0  12.0 

 

Table 7.31 Specific comparisons of interest 

Comparison Estimate Standard error t p 

Difference between the levels of incentive to shift when web information is not 
provided 

121 248 0.49 0.627 

Difference between the levels of incentive to shift when web information is 
provided 

-574 243 -2.37 0.018* 

Difference between the levels of web information when incentive to shift is 
absent 

454 214 2.12 0.034* 

Difference between the levels of web information when incentive to shift is 
present 

-241 257 -0.94 0.349 

Difference between the levels of incentive to reduce when RTD is provided -16 229 -0.07 0.944 

Difference between the levels of incentive to reduce when RTD is not provided -591 264 -2.24 0.025* 

Difference between the levels of RTD when incentive to reduce is absent 293 220 1.33 0.184 

Difference between the levels of RTD when incentive to reduce is present -282 254 -1.11 0.267 

*p<0.05 

 

This main analysis could not include all the trial cells. Therefore, a series of supplementary analyses was 
conducted. 

Effect of smart meter ï with and without RTD 

This comprised two sets of trial groups: 

¶ with no other intervention [TGs 15 & 27 vs 32 & 3]; 

¶ with booklet and graphs on bills [TGs 11 & 23 vs 2 & 5]. 

Table 7.32 shows the interventions for these trial groups. There were no households in TG15, and so this group was 
deleted from the analysis. In total there were 3395 households in this set.  

The results are presented in Tables 7.33 - 7.36. This analysis means that groups with a smart meter had greater 
reductions in consumption than groups without a smart meter if they also had the advice booklet and additional data 
on their bills (monthly for smart meter groups, quarterly for others) ï relative savings were 6.7% with or without an 
RTD. The difference made by the smart meter (6.4%) is also significant if the advice booklet and additional data on 
bills were not provided (an RTD was also provided in both the smart meter and the non-smart meter group). 
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Table 7.32 Summary of trial groups 

Trial 
group 

Smart 
meter Booklet 

Quarterly bills 
with graphs 

Monthly bills 
with graphs 

Incentive 
to shift 

Incentive 
to reduce RTD 

Web 
information 

32         

3       V  

5  V V      

2  V V    V  

15 V        

27 V      V  

11 V V  V     

23 V V  V   V  

 

Table 7.33 Summary of changes in the mean by trial group 

Trial group 
Number of 
households 

Pretrial mean 
(kWh) 

In-trial mean 
(kWh) 

Change in 
mean (kWh) 

Percent 
savings (%) 

32 1317 17812 16690 -1122 6.30 

3 488 18103 17519 -583 3.22 

5 767 17723 16796 -928 5.24 

2 485 17944 17298 -646 3.60 

27 120 17941 16220 -1721 9.59 

11 134 17691 15576 -2115 11.96 

23 84 17341 15556 -1785 10.29 

 

Table 7.34 Model summary 

Source DF Sum of squares Mean square F p 

Region 15 63378202 4225213 0.51 0.9344 

Postcode 129 1144287359 8870445 1.08 0.2566 

Gas Zone 13 95420827 7340064 0.89 0.5591 

Mosaic 11 127415595 11583236 1.41 0.1607 

Awareness 2 3904007 1952004 0.24 0.7884 

Fuel type 1 14306249 14306249 1.74 0.1870 

Trial group 6 181544006 30257334 3.68 0.0012 
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Table 7.35 Adjusted mean change 

Trial group Mean Standard error 

32 -906 173 

3 -358 198 

5 -712 182 

2 -551 194 

27 -1316 346 

11 -1652 349 

23 -1327 394 

 

Table 7.36  Specific comparisons of interest 

Trial groups Estimate Standard error t p 

3 vs 27 -957 333 2.87 0.004 

11&23 vs 2&5 -858 293 2.92 0.004 

 

Effect of booklet & graphs with smart meter  

This comprised two sets of trial groups: 

¶ effect of booklet with graphs and incentives [TGs 12-14 vs 16-18]; 

¶ effect of booklet and graphs with RTD and incentives [TGs 23-26 vs 27-30]. 

Table 7.37 shows the interventions for these trial groups. In total there were 920 households in this set. The results 
are presented in Tables 7.38 - 7.41. This analysis means that the advice booklet and additional data on monthly bills 
did not affect consumption in the smart meter groups. 




























































































































































