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ABSTRACT: This paper presents a small part of a project called SHINE TRUE, a collaboration research project working 

with businesses and expertise from Universities within the East Midlands, UK. The specific study, a qualitative research 

called “smart meters – energy matters” was done on the Upton Homes project in Northampton. Given the rapid change 

on the issues related to sustainability in homes, this project is a real life housing to be studied, learn from it and 

recommend on the housing issues at all levels. The Upton Homes are commercial sustainable homes built under the Code 

for Sustainable Homes of the UK and being occupied for all type of occupants, mostly families. On November 2006, one 

of the consultations proposed in the Energy Review report, “The Energy Challenge” (July 2006) was “Energy Billing and 

Metering. Changing customer behaviour” (BIS, 2006). It is assumed that by giving home residents a more complete 

picture of their electricity/gas consumptions, both in real-time and historic usage, will educate and inform people and 

therefore reduce the energy demand on homes, however, little research to demonstrate the veracity of this assumption has 

been made. Ten homes were selected to carry out a small trial on the use of monitoring technologies, such as energy 

meters, with real time display devices to test their possible influence on behaviour among home users in regard to energy 

consumption in recently built sustainable homes. The study involved the analysis of energy consumption data and 

verbatim interviews from the ten homes. The quantitative data was statistically analysed using SPSS and the interviews to 

occupants required a qualitative analysis using NVivo, both results lead to interesting conclusions coming from both, 

quantitative and qualitative data obtained from real-life case studies of sustainable homes recently built. 

Keywords: energy homes, energy consumption, occupant’s behaviour. 

 

 
INTRODUCTION 

The Upton Homes Project 

The city of Northampton was seen as the area for urban 

expansion. Strategically dense residential development 

was feasible given the fact Northampton; the south area 

within the East Midlands region of the UK was identified 

as one with the highest population and employment rate. 
 

Upton is part of the south-west district of 

Northampton, and is located also to the south-west of the 

city of Northampton. It has an area of 44 ha 

approximately and the Upton homes project was going to 

built over 1,100 new homes on the area that was 

previously a green field site, more than 70% is currently 

completed, the planning permission was obtained in 

2003. A very remarkable milestone was the creation of 

the Upton Code
1
, included all the changes and additions 

that were occurring with the UK codes and Building 

Regulations for new housing, therefore when the Upton 

homes project started the construction, it was required to 

comply with the current code when construction was 

taking place. This Urban Framework Plan for Upton 

produced a masterplan interpretation, which was the 

origin of the Upton homes. The scheme proposed was 

very successful and some of the remarkable features 

were related to the insistence on high standards and 

strong commitment to create an exemplary sustainable 

and energy efficient community.  

 
The expectations from the Upton project were the 

capability to demonstrate how large-scale developments 

can incorporate best practice and sustainable principles 

of urban growth. It was also established that the design 

strategies contemplate conventional forms of housing to 

meet the expectations of homebuyers (EST, 2006)
2
. As 

stated by Pownall “a national and flagship example of 

best planning process with a design that is imaginative, 

land efficient and sustainable” (Pownall, 2002)
 3
.  

 

On November 2006, one of the consultations 

proposed in the Energy Review report, “The Energy 

Challenge” was “Energy Billing and Metering. Changing 

customer behaviour” (BIS, 2006)
4
. It is assumed that by 

giving home residents a more complete picture of their 

electricity/gas consumptions, both in real-time and 

historic usage, will educate and inform people and 

therefore reduce the energy demand on homes, however, 

little research to demonstrate the veracity of this 
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assumption has been made. Ten homes were selected to 

carry out a small trial on the use of monitoring 

technologies, such as energy meters, with real time 

display devices to test their possible influence on 

behaviour among home users in regard to energy 

consumption in recently built sustainable homes. The 

study involved the analysis of energy consumption data 

and verbatim interviews from the ten homes. 

 

 

THE TEN HOMES AND THE REAL-TIME 

ENERGY METERS 

Ten homes from the Upton homes development in 

Northampton were the case studies; these 10 homes 

become occupied late 2007 and 2008. At the time of the 

study most of the occupants have lived more than a year 

in their homes and this was their first or second winter 

they have experienced in these homes already. For the 

ten families that volunteered a classification including 

aspects such as home type, site, area, number of 

occupants, number of bedrooms, heating and ventilation 

systems and construction type was made. All of them 

were projected to surpass level 4 within the current Code 

for Sustainable Homes
5
. Some of the specific 

requirements are listed on Table 1.  
 

 

Table 1: Energy and environmental requirements established 

by Upton Design Code (UDC) prepared by EDAW 

 
SITE Nº 

UNIT 
MANDATORY ACROSS WHOLE 

SITE 
DEMONSTRATION 

PROJECTS/TECHNOLOGIES 

B 3 

BREEAM/EcoHomes Excellent 
National Home Energy Rating - 

NHER rating 10 
Code for Sustainable Homes - 

CSH (2007 - voluntary) 
Northampton Design Code 

(NDC) 
Passive solar design 
Solar water heating 

Rainwater harvesting 

Photovoltaic (PV) systems – 
min. 25 units 

Green roofs – min. 25 units  

D1 7 

BREEAM/EcoHomes Excellent 
NHER rating 10 

CSH (2007 - voluntary) 
Northampton Design Code 

(NDC) 
ZED standards 

Passive solar design 
Solar water heating 

Insulation improvements 
High internal air quality 

PV systems – min. 90 units  
Micro-combined heat and 

power (micro-CHP) – min. 60 
units 

Rainwater harvesting – all 
freehold units without green 

roofs 
Green roofs (extensive) – min. 

60 units 

 

 

For the study four different types of real-time energy 

meters, randomly chosen and normally sold for any user 

were utilised. For the meters the basic features needed 

were the real-time display of electricity consumption in 

kW-h or W-h and the cost in British Pounds (£). 

Previously to pass the energy meters to the ten homes 

families that volunteered for the trial of them for this 

study. A pilot trial was done, the energy meters were 

passed among members of SHINE-TRUE team to test 

and pre-evaluate the four acquired meters; some features 

are depicted on Table 2.  
 

 

Table 2: General descriptions of the real time energy meters: 

price, data and display 

 
WATTSON OWL CM119 

 
 

 

£ 90.-,  10.5x17x5cm £ 30.- , 10.7x11.7x3cm 

kW, £, datalogger W or kW, £, time & date, tº 

ENVI CC128 EFERGY ELITE 

  
£ 50.-, 9.3x12x15.5cm  £ 40.-, 10.6x7.8x3.2cm 

W or kW, £, time & date, Tº always kW, £, time & date 

 

 

THE TRIAL PERIOD AND METHOD 

Given the greatest demand of energy in homes is during 

wintertime, a period of at least four weeks was the 

minimum to do the experiment; it was a six week period, 

it started on the 02/02/2010 until 16/03/2010. 

 

The approach was that one of the smart meters was 

left for the whole period of six weeks, one of the two that 

was able to record data, the energy meter Wattson was 

chosen given its simplicity for using it. Each subsequent 

week one of the remaining energy meters was given to 

each family to have it for a week to test it as they 

pleased, and the data logged by the Wattson was 

downloaded at the same time of the weekly visit to users.  

To test thoroughly and be able to evaluate the energy 

meter from the usability perspective, each family 

received the package as new, as if they have just bought 

it themselves, and they were to discovered and use it as 

they prefer. After each week the team distributed a short 

questionnaire to evaluate its usability and features from 

the volunteer perspective. At the end of the trial period, 

16/03/2010 a general energy meter questionnaire that 

contained 13 questions was distributed, to compare the 
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four different smart meters. At the same time, a short 

face-to-face interview to each volunteer was conducted 

and recorded to add more information to this study. All 

the questionnaires and interviews focused on the central 

research question to address by the study, which was to 

find out if the use of real time energy meters could 

influence in any way the energy consumption and usage, 

also to find out the degree of awareness among 

volunteers on energy issues and sustainable homes. 

The tools utilised to analyse the quantitative data 

obtained from the Wattson energy meter and the 

questionnaires, was a computer program used for 

statistical analysis, SPSS (originally, Statistical Package 

for the Social Sciences). While for analysing the 

qualitative data obtained from the recorded transcription 

of the verbatim interviews, was a program called NVivo. 

 

 

RESULTS 

The statistical analysis had two stages: the first stage 

involved a descriptive analysis that originated the total 

electricity consumption per household (including all the 

appliances, lighting, heating and ventilation) to analyse 

the differences in energy consumption among the set. In 

order to establish a statistical dependence between 

variables, the “Pearson correlation” as a typical approach 

for descriptive statistics was applied. The second stage 

introduced a “cluster analysis”, which was used to better 

explain and understand the data and its results by means 

of clustering to identify meaningful groups/classes of 

households. Both analyses were done by using the 

software SPSS and its applications.  

 

Descriptive Analysis 

The Wattson energy meters were recording for a period 

of 42 winter days. After a week two meters did not work 

due to faulty devices, two of them recorded erroneous 

readings and for a fifth one the battery was gone,  

 

 
Table 3: Descriptive statistics of the energy average values per 

day for the seven users of the Upton homes 

therefore for the subsequent weeks the data from seven 

devices only was taken into consideration for the study. 

The measurement is of a global reading tendency for the 

instant power in use, shown in Watts [W], the cost in 

pounds [£] and CO₂ emissions [kgCO₂]. The energy 

average value per day is calculated in kilowatts hour 

[kW-h]. 

 

From Table 3 it is possible to determine that the user 

that consumed the most energy during the measurement 

period was user 6, these occupants (2 persons, one 

newborn and one toddler) consumed three time more 

than occupants (3 persons) of user 4 which is shown as 

the most “energy saver” one, both homes have boilers for 

their heating systems. In fact, the first quartile is roughly 

the double of the rest of users. As an important feature of 

this household is that one of the inhabitants of user 6 is a 

baby, which made us assume a direct association with the 

rate of energy consumption in comparison with the other 

users. Within the users that have 4 occupants, the one 

with the higher average rate of electricity consumption 

keeps being user 6, followed by user 3, which household 

possesses 2 adults and 2 adolescents.  

 

 Beside the above described cases, the rest of the users 

shows an energy consumption rate relatively close to 

11.6 kW-h and without presenting volatility beyond the 

expected in regard to electricity consumption, all of them 

are barely above and mostly below 2.4 kW-h, which is 

very comparable to user 2. 

  

The above assumptions regain validity when the rates 

of electricity consumption by users are graphically 

compared; it clearly stands up the preponderance of user 

6, the lower mark of user 4 and the homogeneity of all 

the others in regard to power consumption (Fig. 1) The 

daily pattern is very repetitive and it does not vary much 

between days. 

 

Figure 1: Graph of the daily power consumption in Watts per 

day for the seven users of Upton homes. 
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2 11.831 18.070 7.355 2.248 210.607 10.581 12.464 

3 15.250 20.676 12.549 2.585 278.322 13.233 16.728 

4 7.2891 11.956 4.261 1.802 135.294 6.185 7.982 

5 9.581 12.163 6.555 1.512 95.119 8.649 10.634 

6 27.712 34.674 19.044 4.927 1010.91 25.034 31.541 

9 11.146 16.587 5.857 2.448 249.705 9.848 12.489 

10 10.249 14.565 7.551 1.663 115.239 9.387 10.233 

http://en.wikipedia.org/wiki/Computer_program
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Table 4: Pearson correlation for the seven users of Upton 

homes 

 

 

Pearson Correlation 

In order to understand better the obtained results to seek 

for associations on the power consumption among the 

different users a correlation of variables was established. 

For the correlation a bilinear significance of 5% was 

used, the correlation is shown in the following Table 4. 

 

All the above correlations showed to be significant; 

therefore a null hypothesis in regard to correlation 

between variables was accepted. Unfortunately, this 

result did not contribute in this fact, due to the low level 

of current lineal association between variables, the 

highest value of correlation was 39% between user 10 

and user 6, while the rest were barely over 35%, even 

more some of them had a negative value, as it is the case 

of user 9 and user 5. Then, the Pearson correlation as an 

association indicator did not help to understand the 

relationship among users. A Clusters analysis could 

contributes to confirm that the household profiles and/or 

the type of appliances and lighting features could be the 

most influential fact of power consumption differences, 

which ever way the energy meter readings by themselves 

would not be able to inform that, unless an inventory of 

electrical devices and lighting had been made. 
 

Clusters Analysis (Kaufman, 1988)
 6
 

The purpose of the clustering is to understand 

meaningful groups and/or classes within the seven users 

that share common characteristics to explain the data 

recorded and comprehend the results obtained in regard 

to the energy consumption. The visual representation of 

clusters is a dendrogram based on the Pearson distance, 

which associates proximity among the data that portrays 

power consumption by the users. 

 

 

 
Figure 5: Single link dendrogram with rescaled distance 

cluster combination. 

 

 

The dendrogram (Fig 5) shows a first cluster of spot 

formed by user 9, user 10 and user 2 which presented the 

closest proximity between the set, this association also 

happened when the means were analysed with the 

descriptive statistic approach. Then, a second cluster of 

spots formed by user 4 and user 6, both classified as 

extreme users before. Nevertheless, it is still possible to 

visualise the proximity of user 9, user 10, user 2 and user 

4, on top of user 6, user 5 and user 3, which household 

profile includes adults and children among their 

occupants. Finally, it was possible to determine that the 

daily mean for the energy consumption value for the 

studied homes, keeps a referential level of 500W, except 

for the household with a baby as one of the occupants, 

user 6. 

 

The qualitative data 

The result of the verbatim interviews done to occupants 

from Upton homes originated a phenomenon that could 

be graphically represented on Fig 6 

 

 

 

 

CORRELATIONS 

   
USER 

2 
USER 

3 
USER 

4 
USER 

5 
USER 

6 
USER 

9 
USER 

10 

U
SE

R
 2

 Pearson 
correlation 1 -.127 .074 

-
.549 .262 .170 .074 

Sig. (bilat)   .695 .648 .065 .410 .321 .809 

N 40 12 40 12 12 36 13 

U
SE

R
 3

 Pearson 
correlation 

-
.127 1 .226 

-
.166 -.291 .235 .327 

Sig. (bilat) .695   .480 .606 .359 .487 .527 

N 12 12 12 12 12 11 6 

U
SE

R
 4

 Pearson 
correlation .074 .226 1 .387 .132 .198 .323 

Sig. (bilat) .648 .480   .172 .653 .247 .282 

N 40 12 42 14 14 36 13 

U
SE

R
 5

 Pearson 
correlation 

-
.549 -.166 .387 1 .124 

* -
.625 -.252 

Sig. (bilat) .065 .606 .172   .673 .040 .630 

N 12 12 14 14 14 11 6 

U
SE

R
 6

 Pearson 
correlation .262 -.291 .132 .124 1 

-
.349 .398 

Sig. (bilat) .410 .359 .653 .673   .293 .434 

N 12 12 14 14 14 11 6 

U
SE

R
 9

 Pearson 
correlation .170 .235 .198 

*-
.625 -.349 1 .433 

Sig. (bilat) .321 .487 .247 .040 .293   .160 

N 36 11 36 11 11 36 12 

U
SE

R
 1

0
 Pearson 

correlation .074  .323 
-

.252 .398 .433 1 

Sig. (bilat) .809 .527 .282 .630 .434 .160   

N 13 6 13 6 6 12 13 
*. The correlation significance level is 0,05 (bilateral). 
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Figure 6: Scheme of the main phenomenon: the use of energy 

meters.  

 
 

As a main phenomenon, we counted on the use of the 

energy meters for a longer time that the one planned for 

the trial period. The users who declared they would buy 

an energy meter, are the ones for whom the use of the 

energy meter during the trial period allowed the 

understanding of the energy consumption their families 

do and consequently they could potentially save energy. 

The energy meter was used to find out how the electricity 

was being consumed, what appliances were the ones 

consuming the most and what were the hours during the 

day the consumption was more expensive. Also, the 

energy meter showed the consumption some appliances 

have when stand by, which generate a constant energy 

expense.  

 
“…clear on what you’re using and what uses more because 

obviously as soon as you put the kettle on it goes sky high, so you 

realize what uses more electricity” (User 4) 
 

In this way, the use of the energy meter works as an 

educational tool through which the users realised and 

learn how they are using the electrical energy in their 

homes. 

 
 “It wouldn’t make any difference. It was a good educational piece, 

how we know not leave the things on standby and the differences 
that really make“ (User 9) 

 

The awareness making of the electricity usage in 

general terms turns the experience of using the energy 

meters in itself into a positive experience for the 

interviewees and they signify it as a worthy experience. 
 

“The testing period has been helpful because we’re got awareness 
of what appliances have an energy demand” (User 9) 

 

The main cause associated to the use of energy 

meters, is the saving. The possibility of saving money 

due to a more efficient use of energy is more important 

than the saving of energy. 

 
“…That would be the thing, saving money is important, not 
necessarily saving the energy but saving money …” (User 1) 

 “oh my lord, we could probably get £ 10,000 worth of electricity”. 
(user 9) 

 

Another important aspect when thinking about using 

an energy meter is related to the features associated to 

the device. In general terms, the users recognise several 

limitations on the use and information possessed by the 

energy meters used for this study, obtaining as results of 

the interviews that no energy meter tested was optimal. 

Nevertheless, the users coincided on identifying the 

Wattson meter as the one that better satisfy their needs. 

 

Among the expectations in regard to the features an 

energy meter should have, the first one is the easy 

reading on the display. For the Wattson meter, the users 

pointed out the colours this meter has to communicate 

the real-time use of energy, the colours are striking and 

easy to read, they clearly indicated when a high-energy 

consumption is occurring. Also, the colours allow the 

information to be easily decoded or interpreted by 

different type of users. The colour emission by the meter 

is also visible almost at any location within the home. 

 
“Information about the Wattson is like that, easy to use, it uses 

colours” (User 1) 

“It’s very good, I like the red light, everything on it and the style… 
“ (User 3) 

“…you can walking to the kitchen, everyone can see it –the kids can 

see it, I can see it- and when its glowing anything other than blue. It 
makes you think” (User 9) 

 

The use of colours is graphic and striking, it is 

immediately noticeable, it warns when there is a high-

energy consumption, which produces an instant reaction 

on the user, to find out the cause is producing that 

consumption, and therefore reduce the consumption 

when it is related to a misuse or waste of energy. 

 

The information the energy meter displayed was also 

a feature that was analysed by users, they wanted 

detailed information about the energy consumption. In 

fact, one of the biggest weaknesses observed on the 

meters was related to this feature.  

 
“It displayed a lot of information and some of the information was 

very good, it showed what was going up and down. But the basic 

thing that I would think would appeal to most people is knowing 
how much last week you spent, or how much this month or last 

month” (User 5) 

 

Another aspect that was not well appreciated by users 

of the energy meters was the complexity of the user 

manual. 

 
“…the instructions in one of them I couldn’t find any indications of 
how to change, for instance, the date or the time and that’s a 

simple, straight forward thing for everybody to have…” (User 1) 

 

In this way, it is expected for when the energy meter 

provision become mandatory for all energy companies to 

distribute them to their clients, supposedly on 2020, users 
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will not be “Guinea pigs”. The implementation of this 

policy should be serious, proved and tested; therefore 

users are not depository of the negative consequences of 

a national policy. 

 
“And I suppose it does in anything with meters, and with you in 
Nottingham, it just feels like you are a Guinea pig, but it should be 

ready. It should be trialed and tested. You know we’ve bought a 

house. I’ve paid a lot of many for this house for a system that 
doesn’t work” (User 3) 

 

Despite of the proper limitation of the devices, the 

main consequence derived from the experience of the 

trial period of use of the energy meters, users were able 

to achieve actions responsive to a sustainable 

environmental behaviour.  

 

The use of the energy meters and the information 

they display permitted the users to be more alert in 

regard to the way they utilised and consumed energy, 

which generated several habit changes such as: 

· Turn off lights 
“I would certainly be more conscious of leaving the lights on” 
(User 5) 

· Turn off the switch of the appliances or devices that 

were not in use 
“And the kid’s TVs once they finish watching a film, I would make 
sure they are turned off at the switch on the wall. Whereas normally 

I’d just leave them running” (User 4) 

· Turn off the switch of the appliances or devices that 

were used few times a day, users realised regardless they 

were stand by they were consuming anyway. 
“We started switching them off at night because it’s just a waste of 

money”(User 9) 

· Cutting down the use of lights at night, avoiding to 

leave lights on unnecessarily at night. 

· Replacing normal bulbs for low-consumption ones.  
“Also l have changed some of the light switches…” (User 5) 

· Replacing shared switches for individual ones; to turn 

on individual lights.  

 

 

CONCLUSION 

From the quantitative and qualitative results obtained and 

analysed with different tools, it is possible to extract that 

the use of energy meters generate a responsive behaviour 

among users. The energy meters permit users to see the 

way power is consumed and how much it costs.  

 

This making of consciousness connects with a 

familiar way of saving. These types of users favour the 

saving of money over the attitude that requires a change 

of habits to contribute to a sustainable and responsible 

use of energy consumption. In fact, it can be obtained 

that as soon as the use of energy meters imply an effort 

from the user perspective, such as reading and 

comprehending the way an energy meter functions or use 

them further to obtain more thoroughly information 

through the use of computers, a tendency to not bother 

oneself comes up, with a minority that goes further in 

exploring the devices and it potential. As this saving 

materialises in practice, the change of habit should 

become more plausible since it connects with a 

dimension highly appreciated by these users when 

interviewed and when answering the questionnaires. 

Nonetheless, the energy meters need to be simple to use, 

easy to read, have a suitable size. 

 

The energy meter promotes conscious habits on 

people, which is the first step to change the behaviour, 

the willingness to be granted with a free energy meter is 

inviting to begin with this process. This is the reason why 

the information, data, the energy meters display is very 

valuable, the way this data is shown to people is 

extremely important during the beginning of the process, 

in a way the Wattson possess an attractive alternative, 

easy to read an interpret for the whole family, with the 

colour code it uses to inform energy consumption. 

 

However, for the policy to be effective it seems 

important to consider certain aspects: 

 

1. First of all, it is important to go from an individual 

use to a more collective one. How the use of the energy 

meter is spread and share within the family? In general 

the users depicted an individual use of the energy meter 

and in order to generate a change through out time, it is 

crucial to go from the individual conduct to a family 

conduct, where every member of the family become 

involved in the responsible sustainable consumption of 

energy. Therefore the individual footprint reaches a 

better standard and by adding them the household 

footprint get reduced. 

2. The features of the energy meter: as the consumer 

becomes more sophisticated, he or she will demand for a 

more complete device with more information with the 

objective of generating more actions toward the 

reduction on the energy consumption. For this, it is 

important to rely on an accessible supporting system to 

back up possible issues. And, to consider household 

profile, such socio-cultural and age aspects are influential 

of behaviour. 

3. Consideration of all type of residents: it is important 

to take into consideration that the study was done on 

sustainable homes; it might be taken by granted that 

these occupants will have a more sustainable 

environmental behaviour. This might imply that their 

actions are not necessarily comparable to users of 

traditional homes where energy efficiency features are 

not considered or important changes towards 

decarbonisation have not been taken yet. In this situation, 

it will be important to utilise different strategies to 

motivate the energy saving and promote the real use of 

energy meters among all type of occupants.  

4. Upton Homes received much media attention in 

regard to its green features, residents are aware of the 

type of home they live in, however, when expectations 
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are not fulfilled or when residents see that to live more 

sustainable implies too much to give up or too much 

effort on their side, they are not going to bother, the 

changes on behaviour will certainly happen when the 

household economy becomes affected. 
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