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Abstract: The development and small scale fiell tri Flanders of a home energy management systqresented.
During the development, a user-centric approach weasl to create interaction between developers and
possible end-users in a living lab setting. Thisveéd actively addressing people’s needs and wiarttse
development process and testing the system in ltoaires. The preliminary results of the field titadicate
a high usage during the starting week, which gréylslbows down over the weeks that follow. Usagehef
different elements in the system varies over theksebut a consistent “top 3” of elements remains.
Dynamic pricing is used by a small but consisteatt pf the participants. They actively adapt their
appliance usage to these prices.

1. INTRODUCTION centric approach to the development of a home
energy management system. The research involved

the constant interaction between system developers
and the panel of users, whose input was of vital
importance to the development of the system, in a
living lab setting. Stahlbrost (2008) defines any

lab as a “human-centric research and development
approach in which IT-systems are co-created, tested
and evaluated in the users’ own private context”.
This has been the main approach from the start of
the development to the final testing. Currently, a
small scale field trial is in progress in the hor2éds
families in Flanders, Belgium. Preliminary resuts
usage of the developed system are presented.

Smart grids are high on the agenda. While the
focus of the benefits of these improved electricity
infrastructures are mainly on the technical and
structural side, end-users and more specifically
households can also benefit from the new
possibilities of smart grids and especially smart
meters that are to be installed in their housess&h
new meters can provide the end-user with detailed
information on their energy use, something that
many households find lacking today. Moreover,
many studies have indicated that information or
“feedback” is indeed an effective means to create
awareness and possibly reduce energy use. Not only
information on energy use can be improved, new
energy pricing strategies can be developed, such a®. EFFECT OF FEEDBACK ON
dynamic pricing, in which varying electricity prige ENERGY USE
can be used over the course of the day, with e.g.
high prices at peak moments and low prices at off- »
peak moments. The delivery of detailed information ~ Feedback can have a positive effect on a

with e.g. more detailed biling over online many times (Darby 2006; Dobson and Griffin 1992;

management systems. This paper presents a usenVood and Newborough 2003). It provides users
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with information on the results of the energy containing meter readings or by using existinggool
efficiency ~measures taken. Home energy We also asked how likely they would be to buy
management systems can be an effective means t@evices helping them to monitor e.g. their eleityric

provide tailor-made feedback to households. use. From the database of the quantitative suivey,

Evidence for this has been found in several |ist of interesting respondents was compiled to be
experiments in which feedback was provided t0 contacted for further participation in the

househ(_)Id by means of computer systems or i”'development.
home displays (e.g. Brandon and Lewis 1999; Ueno
et al. 2006) ). However, although the effect of
feedback of energy use on behaviour has been ,
indicated by many studies, similar studies alsaarg 3.1.2 Diary study
that its effect on behaviour and awareness isylitel
fade away when no further feedback is provided (for ~ In total, 30 households agreed to participate in
instance, when proof-of-concept technology is the diary study. This study was conceived as alsmal
removed from the house). This implies that giving snapshot of the participants’ daily energy use tsabi
feedback on energy use does not necessarily lead td 0 get this snapshot, the interviewees were asked t
long-term changes in the users’ behaviour. Darby keep a diary during two weeks. Use of electrical
(2006) argues that continued feedback is necessary@ppliances, heating settings, bathing frequency,
to create persistence in the change of behaviour.specific actions taken to lower energy use, general
Home energy management systems offer anbehaviour, such as talking about energy use,
excellent means to provide end-users with perdisten searching for information, etc. were registerethia
feedback on their energy use. diary. In order to make this as easy as possibfill to
in, a diary template was distributed to the
participants. In the templates, they were askil to
in a general section (especially heating settihgs t
3. USER CENTRIC are rarely altered), a daily section with a 24 hour
DEVELOPMENT OF THE SYSTEM time window to specify when an appliance was used,
and a weekly section which primarily contained
questions asking about the participant’'s general

In this section, the methodology and the results behavi duri h K Ring f
of the user research are presented. The researtch pa ehaviour during the past week (e.g. searching for

first presents the actual user research consisfirag mformation about energy use, registering of meter
description of the field research, and the further fﬁadér‘gs ex:%' 4Tr?e daily Sec.t'%” was the cor%qn(;ar.t
(both qualitative and quantitative) analysis of the (€ diary. -hour time window was provided in

field data. Preliminary results of a currently oimgp ;[jhe.temﬁlatg to the partlg|pandts.. Per aflppr)]hancei use
field trial are subsequently presented uring the day, start and end time of the use was

recorded down in the diary.
The diary offered insights in the participant’s
routines and in the reasons participants havehtar t

3.1 User research specific behaviour. Often it was observed that
people’s behaviour roots deeply in their specific
3.1.1 Largescalesurvey home and family situation. A quite obvious

observation from the diaries was that the general
family and housing situation has a very profound
impact on people’s energy related behaviour. Apart
from obvious differences based on specific family
and housing situations, differences in energy-e€elat
behaviour often come down to quite small details in

) N X ‘behaviour. A lot of energy saving methods are that
beha\_/|oural and atutu_dlna_l data regarding ENEr9Y common that almost everyone has the same energy
use in a_domesnc situation W_as collected. _T_h|s saving behaviour, for instance drying laundry
resulted in a database (N=1314) containing oyside instead of using the tumble dryer when the
information of the p_anel members on e.g._thelr type weather is good, or only turning on the dishwasher
of house, level of insulation of the dwelling, how \when it's full. Participants that went one stepttier
consciously  theyre using energy, their often focused on small improvements, such as
environmental attitude and so on. A number of unplugging specific devices to reduce phantom
questions addressed the degree to which they glreadpower. Only few participants took more drastic
monitor their energy use by keeping e.g. excekfile measures to reduce their energy use, such as

As a first step in the actual user research, amenl

survey was held with a representative sample in
Flanders. The sample collected through this survey
would form the base of recruitment for the next
phases of the research. In the survey, structural



consciously not owning/using energy devouring 3.1.4 Interfacedesign
appliances such as dishwashers or microwave ovens.

Often, luxury considerations prevent people from  The design process of the application consisted

going further in energy efficiency. of several stages. Besides the ethnographic data,
respondent interviews and qualitative data gatherin
3.1.3 Scenario evaluation presented above, participatory design techniques

were used to involve end users in the actual design

All participants from the diary study agreed to Of an energy management system (Schuler and
participate in a subsequent interview. The maiiictop Namioka 1993). A total of 2 focus group discussions
of the interview was the discussion of four scesmari  (N=8) were held with members from our research
containing different functionalities of a home eper ~ panel.
management system. These scenarios were Focus group sessions allowed for a creative
developed based on the results of a market overviewapproach. After an introduction and discussion of
and the input gathered in the diary study. They canthe concept of home energy management,
be seen as sort of a first product proposal. Isghe Pparticipants were asked to design an energy
scenarios several possibilities such as user fedba Management system that would meet their needs. To
and automated control were illustrated by mears of do this, participants received pencils, paper artel ¢
fictitious family. The first scenario illustratechsic ~ Out graphics and icons to design their system from
applications of a smart meter such as detailedscratch.
billing. The second scenario elaborated more on In a final stage, the user research data, together
creating awareness of energy use (on a global levewith the participatory design results were used to
for the household) by means of visualization thioug create the design of the final smart application fo
mood lights, PC or smart phones. The third scenariosmart phones and tablets. The final application
went more into detail and discussed feedback ondesign includes a competition-style home page, in
appliance level. Feedback in this scenario wasWhich users can compare their energy use of the
visualized through an in-home display. The fourth Present day to that of the day before.
and most advanced scenario illustrated the  This allows users to see whether they are doing
possibilities of home automation in relation to better or worse, and can trigger them to try to do
energy use. better. In this way, the competition-style home gpag

Although it has to be noted that the participants can be seen as a quick, one-glance self-monitoring
were quite positive about most of the applications ~ Screen that can persuade its users to try to derbet
the scenarios, they generally preferred scenario 3.than the day before (Fogg 2003). Besides navigation
Scenario 1 was a scenario on which they agreed thaputtons, the home screen also offers a directtiink
it presented basic information that “should be relevant system messages about the users’ current
standard” - of course with today's mechanical €nergy use, such as changing energy tariffs,
meters, this is quite impossible. This scenario information qbout appliances that remain switched
offered the least added value to their presentOn upon leaving the house, etc.
situation. The advantage of scenario 3 over scenari  Beyond the home screen, users can access more
2 was the level of detail. Whereas scenario 2 wasdetailed information, such as detailed graphs with
limited to a visualization of overall meter reading their energy use and energy prices, estimateseof th
on the computer screen, scenario 3 added the inyearly energy bill, etc. Apart from visualising and
home display as a means of easy access to the datgemparing usage information, the system gives users
and, more importantly, added more detail as it advice on their energy use behaviour in the system
showed the energy use per appliance. This lastmessages, and warns them when an energy use
feature was something that was clearly appreciatedthreshold has been reached.
by the participants as indicated by the following
quote:

4. FIELD TRIAL

“The increased level of detail really gives a

lot of added value. As long as the data is on . .
g The developed system was installed in 21 homes

an overal Iev_el, _|ts all |ntgrest|ng and you spread out over Flanders, the Dutch speaking ffart o
might start thinking about it somewhat, but Belgium. The households were selected from the
I don’t think you will act on it, as you don’t project panel. They were contacted asking for their
know where the problem is.” participation in the project. A total number of 43
households were contacted of which 21 agreed to
participate. An initial visit was scheduled in



September with the participants to explain the many times per week, at which moment they mostly
purpose of the field trial, assess the applicaboit use it, and of course, which of the features they u
the dwelling (not every house was suitable for the the most.

installation of the system) and consequently The monthly questionnaire is a longer version of
concretize what measures would have to be taken inthe weekly survey. It allows to go more into depth
order to get the system installed. From Octob&t 17 on issues identified in the weekly questionnaird an
untii November 1% 2011, a second appointment their actual usage and liking of the different
was made with the participants for the actual elements included in the application. The following
installation of the system in their homes. The section of the paper will summarize the results of
installation supports the measurement of the total both questionnaire types. We will not go into detai
electricity use in the house, a number of sub on the results of every question asked, but try to
measurements of specific appliances or circuits andsummarize the general trends seen in the use of a
in some cases a measurement of the gas use. Theome energy management system. Since the field
total electricity measurement is possible throumgh t  trial runs for approximately six months only, our
installation of a modern smart meter. The focus is not on the actual potential of the system
submeterings take place in the fuse box of thelower the energy use of the participating families,
participant. Metering modules measure the currentbut more on the way they interact with the system.
and voltage of the circuits that the participanhtsa

to be able to monitor (up to 6 submeterings). The

impact on the existing electricity installation thie i

house is limited because of the use of currentgtam 41 Pre“mmary results

that can be clicked around the conductor. If the o

existing gas meter has a so called pulse outpet, th ~ 4.1.1 Application features

gas use in the house can be monitored through a

module that counts these pulses. The smart meter Most of the participants consult the system at
and the metering modules send their measurementdeast once a week. The frequency of consulting

to the database in the home energy controller (HEC)
This HEC is incorporated into the home network and | w0
has an internet connection. The user interfacéef t 80
system connects with the HEC through WLAN. 60

Since the actual technical installation of the ayst 40 —
is not the aim of this paper, we will not elaborate 20 ; I I I j )
any further on this. As a user interface to interac 0

with the system, the participating households were w1 w2 w3 ws s w7
given either an Android based tablet or smartphone.
The fleld triaI Started November t*l-2011 and iS M Severaltimesaday  MEveryday Severaltimesa week M Once this week

SChe.dUqu tc.) end . March 312012 (although Figure 1: Degree to which the application is cotesul
continuation is possible). The purpose of the field (week 1 to week 7, in %)

trial was to get insights into the interaction bet ’
participating households with the system. To ds, thi
the following research design was set up:

less frequent however over the weeks (the
percentages in the figures have to be interpretdd w
caution given the small scale of the field trial).

1. Aweekly questionnaire Figure 1 indicates that the proportion of respoisien

2. A monthly questionnaire that consult the app every day gradually reduces

3. A three monthly in-home interview with over the course of the weeks (In week 4, the mgnthl
the participants questionnaire was sent out. No data about weekly

use was collected in this week). The novelty aspect
of the system seems to fade out somewhat. The
share of participants consulting the app severadi

a week instead, increases over the weeks.

The participants don’t quite have a fixed moment
at which they consult their energy usage data. Most
of them consulted the application quite randomly at
the start of the field trial. Over the course oé th
weeks however, this is clearly showing a downward
trend. More participants seem to find somewhat

Currently, 8 weekly questionnaires and one
monthly questionnaire have been sent out to the
participants. The scheduling of the first interviesw
in progress at the moment of writing. The weekly
guestionnaires are sent out at the last workingaday
each week.

The weekly questionnaire is a short online
survey containing questions on basic use of the
applications such as whether or not they useait; h



fixed moments to consult their data. However, we The application also provides the possibility to
need to be careful with interpreting these trends. get an estimation of the annual electricity biB. df

Results from weekly surveys in the next weeks will the participants state that this is a feature thes.

provide more insights. During weekdays the app is Only half of them however, believe that the
mostly consulted in the evening, whereas during theestimation is in fact an accurate one. The main
weekend, day-time consultations are seen far morereason for this is that most of the participants ar
frequently. aware that the prices used in the field trial are

An important question is of course what the fictitious. Others have questions on whether the
participants are doing with the application? What system uses relevant parameters such as seasons
elements do they use the most? According to theits calculation of the bill. One respondent however
answers of the participants, in the first weekrafte gives the interesting remark that when dynamic
installation in their homes, most of the elements i prices would in fact be used in the future, the
the system were tested. A top 3 of elements thatestimation would come in very useful as it would be
remained quite consistent over the weeks thatvery difficult to make that estimation on your own.
followed were “Checking my current energy use”, Finally, imposing a (non-binding) limit to their
“Following the energy use of my appliances” and energy usage per day was considered not to be used
“Checking my historical energy use” (at that by the participants. Only two of the participating
moment only the previous days were consultable households indicated to use the usage limit.
however). Although these three elements remain the
most consulted ones in the field trial, the shafre o 4.1.2 Dynamic prices
“Following the energy use of my appliances”
gradually dropped over the weeks. Apparently, once
people know what an appliance uses, their attention
to this element seems to fade out. Two other
elements that were highly consulted were “Checking
my stand-by electricity use” and “Real-time
following of the electricity use of an applianc&he
attention to this element also faded out over the
weeks. A growing attention was paid to “comparing
my current energy use to the past days/weeks” over,
the course of the weeks.

In the first monthly online survey, more specific
guestions were asked on the usage of some elemen
in the application that are less frequently usée: t
estimation of the yearly electricity bill, the
possibility to impose usage limits and the makifig o
comparisons between days, weeks or months.

The app provides the user with a comparison o
his energy use with that of the day before.
Depending on the difference between two days, a
green or a red smiley is shown in the application,
indicating a better or worse situation than the day
before. When asked if they believe that the
comparison with the previous day is correct, mdst o
the participants state that they do so. The questio
that is often raised however is whether the
comparison is a relevant one. A comparison of a
Sunday with a Monday for example, is a comparison
of two worlds to some participants (a day where
everybody is at home all day versus a working day).
When asked what type of comparison they would
prefer, comparing a week with the previous one
seems to be more to the liking of the participants.
Given the fact that daily consultation of the
application doesn't seem to be common with our
participants, this might indeed be a better way of
comparing.

in

Every day, the respondents are provided with
new electricity prices for the next day. When asked
if these prices have an influence on the moment of
use of their electrical appliances, 8 out of 21
participants state that they do. Indeed, a smal, b
consistent part of them actively adapt the use of
certain appliances to these dynamic electricity
prices, as is seen in both the weekly as well as th
monthly questionnaire. The appliances that arenofte
shifted in accordance to the dynamic prices are
typically those with a large flexibility such as

ishwasher, washing machine and tumble dryer.

The participants were asked to give a specific
example of a situation in which they shifted their
electricity use in accordance with the electricity

prices and a situation in which they didn't. The
fresponses to these questions are quite
straightforward. While the answers to the first
question (a situation in which they did) are not
surprising and mostly related to shifting of the
appliances indicated above, the reasons why
someone wouldn't are more related to the relative
inflexibility of cooking and watching TV or using
the personal computer. Other reasons not to use the
dynamic prices are forgetting to set timers or just
being in a situation where an appliance has to work
at that moment and can’t be shifted.
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preliminary results indicate that while the firsteks 7. REFERENCES

of the field trial were marked by a high applicatio

consulting rate of the participants, this decreasedg anqon Gwendolyn and Alan Lewis. 1999.
somewhat in the weeks that followed. It was clear "Redu’cing Household Energy Consumption: A
that the amount of daily consulting gradually Qualitative and Quantitative Field Study.”

decreas_es in favor of weekly consulting. Day to day  j5,rnal of Environmental Psychology 19(1):75-
comparisons of energy use doesn’t seem to be the

most interesting base of comparison. Week to WeekDarbil S. 2006. "The effectiveness of feedback on

comparing is indicated as a more interesting base. g arqy consumption: A review for DEFRA of the
Estimations of yearly bills are found interesting, literature on metering, billing and direct

despite the fac“hat the prices provided in Ot_t"@ displays.” In Environmental Change Institute,
are not delivered by the energy supplier and University of Oxford.

therefore not accurate. Because some of thepgpgon J K. and J.D. Griffin. 1992. "Conservation
participants were clients with another energy  ftect of immediate electricity cost feedback on
supplier than the one that is a partner in thegutoj residential consumption in behaviour." In 7th

fictitious prices had to be used. It is indicatbdtt ACEEE Summer Study on Energy efficiency in
these calculation modules will be of great interest Buildings. Washington DC.

when dynamic prices are in fact on the market. pischer, Corinna. 2008. "Feedback on household
These pricing strategies will make it very difficul _ electricity consumption: a tool for saving
for the end user make decent estimation of their energy?" Energy Efficiency 1(1):79-104.

yearly bill. - Approximately one third of our pq,q4° "By 2003 Persuasive technology. Using
participants are currently to some degree adaptlr]g computers to change what we think and do:
their electricity usage in accordance to the dymgami Morgan Kaufmann: San Francisco, CA.

pri<_:e_s that are being p_rovi_ded the_ day bf:‘fOfe- Froehlich, J. 2009. "Promoting Energy Efficient
Shifting of usage mostly implies appliances with a = ggnhayiors in the Home through Feedback: The

certain degree of flexibility such as washing Role of Human-Computer Interaction.” In
machines and dishwashers. Those who don't adapt | iernational Conference on Human-Computer

their electricity use to these tariffs indicatetthas Interaction. San Diego.

is mainl_y because of not bein_g at home at the ofme Pierce, J. and D. Roedl. 2008. "Changing energy use
low prices. Automation will be an important through design.” interactions 15(4):6-12.

function of home energy management in the future, gopyler,” D. and A. Namioka. 1993. Participatory

especially when using dynamic prices.  The small = yagjgn: principles and practices: CRC / Lawrence
scale of the field trial makes overall conclusion Erlbaum Associates.

somewhat difficult, but still, general trends are giahibrost A. 2008 "Forming future IT: the living
detectable. The personal interviews are curremtly i lab wa); of user involvement.” Luleé.University
the process of being scheduled, and will certainly Technology ’

attribute to insights on the use of the systemiwith ;o4 Tsuyoshi, Fuminori Sano, Osamu Saeki and
the households and its influence on household = yiichiro Tsuji.’2006. "Effectiveness of an energy-
dynamics and routines with regard to energy use. consumption information system on energy
savings in residential houses based on monitored
data." Applied Energy 83(2):166-183.
Wood, G. and M. Newborough. 2003. "Dynamic
6. ACKNOWLEDGEMENTS energy-consumption indicators for domestic
appliances: environment, behaviour and design."

The IBBT SmartE project is a project co- Energy and Buildings 35(8):821-841.

funded by IBBT (Interdisciplinary institute for
Technology). A research institute founded by the



