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1 Introduction

H ome energy management systems @ EM S)are defined as intermediary devices that can
visualise,, monitor and/6r manage domestic gas andr electricity consumption  an [@mn
et al., 2010). Their main purpose is to give users direct and accessibde insight into
their energy consumption. This makes them different from smart meters, which are
predominantly intended for automatic two-way communication of energy data ketween
the gas or electricity supplier and homes. Smart meters generally need HEMS to give
users the intended insight.

HEMS are keing given increasing attention kwth in academia and in commercial
enterprises and are much advertised and promoted as “igh potentials” for domestic
energy savings. Studies have indeed reported positive results @p to 10% to 20% savings),
at least in the short term ( eno et al., 2006; 1 ood and Newlmrough, 2003), kut in the
mid to long-term studies it was found that HEM S are less effective ¢ an Houwelingen
andV an R aaij,1989;V an @metal.,2010;Hutton et al.,1 986).

The olective of this paper is to explore the factors influencing the medium to
long-term energy saving potential of HEMS, taking a kyoad perspective including the
design of the device @nd the way it gives feedkmck), the human-device interactions, and
the social, physical and organisational contexts in which HEMS are used and
implemented. Most literature today is predominantly focused on the effectiveness of
feedkmck, for instance by studying the relationship ketween different types of feedkmck
and energy savings, or ky developing novel design approaches for giving feedkmck
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@oehlich et al., 2010). A few authors have explored user interactions with energy
monitors { ood and Newlkmrough, 2003) or social contexts of use @ argreaves, 2010).
Longitudinal field research is however rare, as is research addressing these different
approaches to HEM S holistically.

T his paper will kuild on findings from literature, and will present additional insights
from three case studies by the authors since 2008. T he case studies are a joint cooperation
ketween energy companies, HEMS manufacturers and the E[EMt U niversity of
Technology. In each case study a different HEMS was used. Focus groups, in-depth
interviews, and olkservations led to a range of insights into how people use HEMS in
daily life.T he paper will conclude ky presenting several new factors that contrikute either
positively or negatively to the medium to long-term effectiveness of HEMS .

1.1 Method

Three case studies were conducted with three different types of HEM S . All took place in
the Netherlands. T he first case study  an [2m et al., 201 0)ran ketween 2008 and 2009
with 189 participants, for a total of 15 months. The HEMS used was an electricity
monitor that gave real-time and cumulative @4 hour)feedkack. T he quantitative data for
this study was gathered ky means of self-reported meter readings and four online
questionnaires.

T he second study dealt with ten households who implemented an energy manager in
2010. This type of HEMS gave real-time and historical feedkmck on the electricity
consumption of individual appliances. T he system worked with a touch-screen or via the
participants ”personal computers and could ke used to manage if and when the connected
appliances consumed electricity. Two months into the five-month pilot, usage data was
gathered during house visits ky means of qualitative, semi-structured in-depth interviews.

In the third case study a multifunctional HEM S was used, which gave historical, and
for a sukmroup of participants real-time, feedkmck on gas and electricity consumption.
The device @ touch-screen) doulled as a programmalde thermostat and could also
provide up-to-date weather and traffic information. In total, 69 participants used this
HEMS in their homes for six to 12 months. L2 collection took place ky means of three
online questionnaires, five focus group sessions, ten in-depth interviews with households,
and two usablity studies @here the device and different user interfaces were tested in a
labsetting).

In total, across the three case studies we could draw experiential data from
290 participants, over a period of five to 15 months. The participants were ketween
26 and 78 years old and had diverse educational kackgrounds and family situations.
In-depth qualitative data was gathered from a total of 50 unique participants. In 14
instances, participants took part in multiple sessions, giving the data extra depth and
richness. A mixed-method approach was used for data analysis, involving statistical
analysis of datasets as descriked inV an [2n et al. @010), and qualitative analysis. For
the qualitative analysis, all interviews and focus group sessions were transcriked and the
datasets were analysed using a recursive akstraction approach @hich involves
summarising datasets to elicit insights). T he findings in this paper are mainly drawn from
the qualitative data analysis, using literature and the availabde quantitative data to
substantiate the results.
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1.2 Conceptual framework

In order to enhance the energy saving potential of a home energy management system, it
is important to improve the quality of the ong-term)interactions ketween the user§)and
the device. T his is the central tenet of this paper. A useful framework for human-product
interaction @gure 1) was developed by V an Kuijk @010)and previously applied in a
sustainaldlity context ky Il ever et al. @008)and adopted for this paper.

Figure 1 Famework for human-product interaction @ith time “added)
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Source: Afterll everetal. @008)andV an Kuijk @010)

i hen applied to HEMS, this framework illustrates the interactions that take place
ketween a user and a HEMS , and ketween the HEM S and other networked products. k
also shows that other people can ke involved in or affected ky a person® HEMS
use. Hnally, the context of use e., home context, organisational context) will
k® a determining factor for the overall quality of the user-device interaction. These
interactions will ke dealt with one ky one in the following sections. !l ithin the context
surrounding the H EM S-user interaction we would like to propose the additional element
of time, as this is an important factor in the use and effectiveness of HEM S .

2 HEMS — user interaction

Following the framework in Fgure 1, this section addresses the one-on-one interaction
ketween users and HEMS . If these devices are to fulfil their purpose, namely to help
households save energy, they must k® used actively, and over a longer period €everal
years). T here are however different factors that impede this prolonged use.

2.1 Malfunctioning devices

The participants” homes were the context in which the interactions with the installed
HEMS took place.T his section looks at an important, kut often overlooked, aspect of this
context of use: a reliaby functioning HEMS. The systems used in the case studies
malfunctioned relatively often. Even commercially availabde HEMS appear to
malfunction regularly. Incorrect installation, poor system capalilities, faulty hardware or
software,can all have a severe effect on user perception. As one participant explained:
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“4f you get inexplicabde peaks of 180 euros for gas and 150 euros for electricity
per day it is hard to kelieve the rest.Y ou can 1 steer on it.. All these numkers,
measurements, they don t mean anything anymore ”

In the Netherlands, electricity suppliers and grid managers lead the implementation of
HEMS, often in collakwration with commercial enterprises ¢hat are responsibde for
design and production of HEMS).HEMS are increasingly offered to households via the
energy suppliers, who also take care of the system % installation and maintenance. Some
systems can ke purchased on the market ;these require consumers to self-install .

Having properly functioning HEMS is a straightforward condition that needs to ke
met, kut this appears to ke challenging for several reasons:

e The wide variety of electricity and gas meters in use today, in the Netherlands.
HEMS must ke alde to communicate with them all. Even smart meters can ke very
different e, they utilise different communication protocols,and some are unalde to
transmit real-time feedkmck), making it very hard to develop a generic HEM S that
works relialdy with all possilde systems.

e The novelty of the technology used. Even though electricity monitors were
introduced over three decades ago @unk,1978),and the first gas monitor in the
Netherlands in 1982 { an Beurden,1982), the real technology development seems to
have accelerated only in recent years with the introduction of different protocols for
wireless transfer of energy data, and the possiblity to give real-time data, via
dnteractive)displays or via users”P G\l ith arapidly developing technology
landscape,new HEMS can k® almost out-dated when they come on the market.

Analysis of the case study data confirmed that users with faulty HEM S stopped using the
devices, even after these had keen repaired. Okviously, if the data cannot ke trusted,
people stop trying,which in effect makes HEM S useless.

2.2 User interface

The developers of HEMS have to combne technological know-how with user-centred
design principles in order to make high-quality HEMS interfaces. k seems that for many
HEMS technological challenges have dominated the development, resulting in devices
with a rather “technical ” interface €ee Fgure 2). Many study participants expressed
difficulties interpreting interfaces with numerical digits or mathematical graphs. In our
third case study a participant remarked: “t is all numlers; it doesnt mean anything to
me””. Likewise, Kidd and Il illiams @008) reported a participant in one of their studies
saying “1certainly haven T usedit.. Icertainly am not techno... >*

Figure 2 Example of numerical feedkmck Ctechnical interface?)
J50 WATT
{45 M/HOLR

Only the most tech-savvy participants, we found, had little prokdems with such data. T he
design of the interface of HEMS is a sulject that needs further attention. Froehlich et al.
@010, p2004) noted this, asking: “How important is it that eco-feedkmck ke even
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minimally interactive?l hat types of information and presentation mediums are most
effective € g.,graphs versus akstract ambaent representations)?”

Based on our findings, part of the answer should ke that interfaces with complex
graphs and lots of numkers are unlikely to ke acceptalde to a large group of users.
Some of our participants, for instance, felt more comfortalde with akstract indicators €e.,
colours, size). A usablity participant said: “So then those numkers are sort of
meaningless... 1 think colours more. More than numlers®”. Another participant used the
Tlicking ”sound of his current thermostat as an auditory prompt.H e indicated: “f 1think
it3 too warm in the house and I hear Tlick”, then 1know that someone has altered the
settings of the thermostat. And then Isay: who touched the thermostat?”

I e conclude that users are <wired” differently and have different needs and
expectations. Successful HEM S should accommodate the significant variation in users?
capacities and manners of cognitively processing information ky using a combnation of
methods to relay energy consumption data. Gnsideration should ke given to the other
senses as well, not just visual stimuli.

2.3 One size does not fit all

The characteristics of users and their needs and expectations influence their preferences
for a specific type of HEMS . In our case studies, some participants had a preference for
feedlkmck at household level while others wanted data on each individual product e.,
disaggregated feedkmck). In a focus group session, one female participant wanted to know
‘everything ™ each detail as to the consumption of every appliance through time, while
another female participant indicated that an indication of total consumption was quite
enough for her. Some participants were interested in receiving nightly consumption
figures kecause that is where they felt they could save, others did not want to ke
confronted with real-time consumption data. As one said: “that makes me panicky,that%
not healthy””. One participant was interested in a monthly or quarterly overview of his
consumption to see how it changes over time, kut this was “bnly to ke viewed on my own
initiative™”.

It is tempting to Tlassify ” users according to energy conservation characteristics.
Liikkanen @009) tried this, identifying three types of HEMS users: wisdom seekers,
detectives and judges. Each type ”looked for different kinds of feedkmck. Based on our
research, we could prokaldy add a few more types e., prognostics, tabbkeepers, easy
savers), kut we feel that categorising people is too complex to discuss within this article,
and apart from that, people % attitudes and usage of HEM S tend to change over time.ll e
would like to point out that one size does not fit all, meaning that there3 prokaldy a
market for a variety of HEMS that offer different approaches towards feeding kack
energy data. For instance, HEMS can offer aggregated feedkmck @ousehold level)
or disaggregated feedkmck @roduct level). For any HEMS design, however, due
consideration should ke given to the most likely ways the system will k® implemented
and used, taking into account how people learn, and enalding HEMS to evolve with the
users over time.

2.4 The energy enigma

It is not a given that users have a €orrect)conception of what a ki h or m?® entails, nor
that they know what to do with that information. Two of the 14 participants in our



Insights into the design, use and implementation of HEMS 7

usability study had difficulties understanding m®. One said, “that does ‘m” 3”mean?’A
second person asked: “t says here 2 uhmm... How do you measure gas again? Culac or
something?” In our first case study ¢ an [2@n et al., 201 0), the participants were required
to self-report their meter readings, resulting in a high margin of error. It appeared that
many participants had omitted digits, reversed the readings of day and night tariffs, or
had reported data that was for example a factor 100 off from their previous readings.T his
seems to suggest that the conception of energy is low amongst households. Literature
affirms this view: “for many people, processing complex energy information presents a
formidalde task”’[Stern and Aronson, (984),p 83].

Part of the challenge of HEMS is giving users a ketter conception of what energy
entails. One possilde strategy, which is often employed, is to translate energy data into
monetary values. Our research findings suggest that this works for some, kut @gain)not
for all participants. T herefore, the design of HEM S should consider the user 3 depth and
understanding of energy. A design solution we advocate is a layered interface, which
provides simple information at a quick glance and increases the depth of information in
ensuing steps. For this first glance *, simplicity is a key factor,as Fogg @009)explains in
his research on persuasive design. If it takes too much effort people will not ke persuaded
to act on it,or to emkark on a search process.

Another approach is to see HEM S not as the ultimate solution, kut as part of a system,
where users are stimulated to enter a search process that leads to other media or people
for further analysis and in-depth information. Stern and Aronson (984)advocate a ull
court press 7, saying: “feedkack is more likely to ke effective if given as part of a program
in which the energy user is an active participant rather than simply keing a passive
recipient - even when information is offered akmut how to interpret the feedimck”” @ 38).

2.5 The baseline check

As users interact with HEMS, new kehaviours develop. HEMS kecomes emkedded in
people 3 lives and routines start to surface. In the first case study, it appeared that the
most popular routine was to check the electricity consumption kefore going to ked,
affirming that the house was at its kaseline energy consumption. The kaseline energy
consumption is the amount of electricity a household consumes when none of the
appliances are in active use. In most homes, electricity is consumed 24/, for instance to
keep the ventilation system and refrigerator going and to power the products that are in
standky mode.T his routine, which we called ‘the kaseline check ?,was also noted in Kidd
andVl illiams @008)who quoted a user:

“there were times sitting in ked, turned the light out and then try to get the little
light @n the monitor)to come on so we could read it in the dark - %ea, we Ve
dropped! Night night, darling P”

In our second case study, a participant indicated he would like a small screen in his
kedroom so he could check and turn off appliances that had accidentally keen left on
while he was already in ked.

For HEMS to ke used effectively over time, they should kecome emkedded into
people 3 daily routines. U nderstanding which daily routines emerge from the use of a
certain type of HEM S can ke important information for designers, as it helps them tailor
the system to those preferred use situations.
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2.6 Obsoleteness

In our first case study, we found that a significant user group had incorporated the
electricity monitor into their daily routines and checked it habtually. An even larger
group however qust over half of the participants) had stopped using the electricity
monitor, with the majority opting to stop using and giving kack the device after the first
four months of the study. ! e found that when people were keginning to lose interest,
relatively small triggers like a €emporary) malfunction or even the need to change the
kattery could ke the qast straw ”. One lady using the energy manager in the second study
said: “1 kzlieve my huskand has pulled the plug [of the device] out again... so then |
thought; I'm really giving up”. U eno et al. @Q006) found a significant decrease in the
interactions with the energy monitor that was used in their nine month study, indicating a
similar drop-off rate. T here is obviously a risk that HEM S kecome oksolete long kefore
their technical lifetime is over. Studying how HEM S are used @nd disused)in the short
and long term and implementing these findings in the design to make them fit ketter,
might reduce those risks.

2.7 ltismy ‘thing’

In talking to HEM S users, it surfaced that the device is often the et ”tool of one person
in the family. As one person using the energy manager said: “Y es 1am the user of it, yes,
not even 9% kut 100% . Hgure 3 shows that the majority of households had one main
user,and Hgure 4 shows that this user was generally male.

Figure 3 Numlaer of main users per household after 15 months (N=93)

. % / 1 adutt and 1 chld ma users
E :j 7 % % 02 adults and child(ren) main users

1 person 2 persons >2 persons

household size
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Figure 4 Gender of the main user §) N=93)
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The findings of Hargreaves ” @01 0)interviews with 15 participants were in line with our
one-main-male-user finding. It is however posside that different HEMS appeal to
different genders and that one of the areas to ke addressed is how to make HEM S more
appealing to women. Because it is not always the feedkack as such that is unappealing to
women kut sometimes the way in which it is presented or designed:

“My wife doesn? like it as much as just the old thing, which had a single kg
numker on it, kecause there are too many things on here for her to look at.She
doesn 1 understand it really . She understands a tick and a cross so that % okay .””
@ argreaves, 2010)

In the second case study, a female signed up with the motivation:

‘Y ell, I am more energy conscious, and they [points at her huskand and 2
daughters]arent.. 1dont understand anything at all alwut it the HEM ST, kut |
am also not technical for the rest. Only 1 was a bt like, lets see what our
phantom loads are.””

It is worth pursuing whether HEM S can ke designed to appeal to more memlzrs of the
household.

3 Interaction between users and other people

This section will look at the way the main HEMS user relates to other memlers of
household €ee Hgure 1), as this may have an important kearing on the effectiveness of
HEMS usage. Also, the social context of households will ke taken into account, where
households compare themselves to other households.

3.1 Sustainability and/or cost advocates

Often,one adult in a household holds sustainability dearest to hisAer heart.T his person is
the family catalyst concerning sustainability. T he tactics vary, kut regularly this person
will “4mdger ” other memlers of the household concerning the length of their showers,
their forgetfulness in turning off lights or appliances, etc . For a numker of households this
is not just akmut sustainability kut also @r only)almut cost management @gure 5).

Some of the sustainablity£ost advocates who tested an energy manager indicated
they now feel ketter equipped to this task . One participant said:

“My children used to shower every other day. Bit nowadays they all - except

for me - shower every day. And sometimes they take long showers, and then
the door is locked, so then I'have to knock on the door once in a while. Like:



10 S.S. Van Dam et al.

‘hurry up a bBt!”. How much that costs, 1 dont know exactly. Bit now I could
quickly run down the stairs to look. And then Ican also show it... >’

A female participant said she hoped her huskand would use it and change his kehaviour.
Fve months later she reported that her son and huskand were starting to pay attention to
not leaving lights and the computer on, kut commenting that “1 still have to switch
the lights off after them once in a while’”. Another participant indicated that their
“€onsumption had kecome easier to discuss with the family memlkers””. hether the main
HEMS user in households is always the same person as the sustainablity or cost advocate
is an interesting question for further research.

Figure5 I hich household memker is most interested in sustainaldlity and6r pays the most
attention to costs (N = 53)

60

50 s 7
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Outside these case studies, mention has also keen made that users apply a HEMS as
fmdgering tool %

“dmean some nights I can come home from work and the whole house is lit up

like Backpool T ower - the computer s on, the telly is on, the radio % on in here

and there 3 nokmdy in the houseI'T hat used to drive me up the wall kut they are

now starting to think. e keen kadgering them and Ive kzen flashing that
meter in their faces P’ idd andll illiams,2008)

Hargreaves @01 0)approaches these Tamily negotiations”as a limitation, warning for a
potential increase in conflicts and stressing the need to consider the complex social
context in which HEMS are implemented. HEMS should therefore aim at opening a
positive dialogue ketween memkers of households and serve as tool in helping identify,
and alter specific kehaviours of memters of household.

3.2 The boomerang effect

Moving to the byoader social context surrounding households, households need a
reference for their total energy consumption. Bit this needs to ke tailored to different
household types. Several participants in our case studies indicated they did not know if
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the energy consumption displayed on their HEMS was akmormal or not, and some
jumped to @nsupported) conclusions. In the first case study one participant, with an
annual consumption of 4110 kil h @hich is slightly akmve average)and a family of four,
concluded after two months that: “the electricity monitor confirms that we are doing well.
Further savings would karely ke possilde in our household™. It might therefore ke useful
to give households a norm to compare themselves to. However, Schultz et al. @007)
warn of the kmomerang effect: the phenomenon where households increase their energy
consumption, instead of decreasing it, k®cause they are kelow the norm ¢he norm kzing
the average neighlmurhood energy consumption). R esearchers disagree on how to
prevent a kmomerang effect from happening. Schultz et al. @007) claim that giving
people normative as well as injunctive feedkmck @pproving or disapproving certain
kzhaviour) eliminated the kmomerang effect. Ayres et al. @009) however, did find the
kmomerang effect for low energy consumers in kwth their studies even though kwth
descriptive as well as injunctive norms were used. T he overall energy savings in these
studies were however still positive. This indicates than when using comparative
feedkack, care should k® given to preventing the kmomerang effect. T his could ke done
either by only giving high-energy consumers comparative feedkack , thus creating tailored
HEMS,or by setting different norms for different use groups and adjusting these through
time.

4 Interactions between HEMS and other products/users

HEMS have a mediating role, they provide people with a isual) representation of
energy consumption, and help them mentally interpret the actual energy @r monetary)
figures and perceive the energy consumption of other products. thde €990) calls this
relationship ketween users and products a hermeneutic relationship. The HEMS-user
interaction cannot ke seen separate from the relationship ketween HEMS and other
symbotic products or users and other products. T his next section will centre on this part
of the conceptual framework @gure 1): the triangular interaction ketween HEM S, users
and other products.

4.1 Cause and effect

U nderstanding energy consumption is hard for many people. This makes it difficult to
relate the feedkmck given ky HEMS to real actions. Plain facts on energy consumption
bying knowledge kut not understanding.ll hen a household knows which actions cause a
large spike in energy consumption, it is far easier to act upon this. Energy consumption
varies significantly throughout the week, making an average daily consumption figure
relatively useless. One participant in the third case study said akmut the cumulative total
of the last 24 hours: “it is useless for me””. As [aky @01 0)noted, extrapolating daily or
weekly consumption to expected monthly or yearly consumption can lead to highly
erratic estimates, which users can find hard to trust and difficult to act upon. In their
design,HEMS should strive to make the consequences of the users "actions clear, and not
resort to useless statistics. Admittedly, achieving useful figures and statistics can ke
challenging and will require user testing.
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4.2 How to manage the energy manager

Crtain types of HEMS €alled energy managers) can help people control if and when
appliances use energy and circumvent the complexity of kehaviour change, for instance
through scheduled timers. Timers are however not always a good solution. For one,
households ”schedules fluctuate throughout the week. !l ith increasing household size, the
household dynamics and rhythms of daily life k®come increasingly complex. In the
second case study, this led to memkers of households @ermanently) kypassing the
system when it was not in sync with their lifestyle, thereky annihilating the savings. Also,
households with programmalde thermostats appear to use more energy than those with a
manual thermostat Guerra Santin et al ., 2009).

In general , most households have little knowledge of the workings of their appliances
to successfully use an energy manager. This can lead to appliances keing switched off
that should not k= € g., for safety reasons)or appliances that are left on”unnecessarily.
Two of our case study participants put a timer on their refrigerators to make them turn off
during the night;several participants did not know their appliances or gadgets € g.,game
consoles)were still consuming power even though they had switched them %©ff *;and one
participant never shut down his modem for fear of receiving a Backlisted IP address. T he
difficulty for many people is not turning on their devices;the prokdem is turning them off
©r not knowing when or how to do this correctly). [83igners should ke aware of this
when designing household appliances and consumer electronics.

H ouseholds can find themselves 9ocked-in ”ky their own appliances. Jackson @005)
descrik®s lock-in as “far from kzing alde to exercise delikzrative choice almut what to
consume and what not to consume””. Two users in the third case study stated that certain
energy inefficient kehaviours were not of their own choice.ll hile they themselves did
not see the necessity of heating the whole house or even preferred not to, they were
forced”ky their heater. Either their installer had prescriked the need to heat a majority of
rooms for their heater to function properly or the heater had actually given an error code
kmcause it was heating too few rooms. A third user was in the process of changing his
lights to energy efficient alternatives kut was unalde to do so as his halogen lights “Wvere
not replacealde by an energy efficient version™.

T his teaches us that even highly motivated people may find it hard to change their
energy consumption kehaviour, due to their @usy) lifestyles, lack of knowledge on how
and when to turn off their products and choices from the past that hinder change.

5 HEMS effectiveness

The usablity framework of Hgure 1 offers a practical model for descrilbbng our
okservations regarding the daily usage of HEMS in three different case studies. T his final
section will address the cumulative user experience over time @s indicated in the
‘timeline ” in FHgure 1). More precisely, we will examine the relationship ketween the
usablity of HEM S and their effectiveness. Effectiveness is defined as the extent to which
users can maintain net energy savings over prolonged periods.
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5.1 Short term effects

The overall effectiveness of HEMS in mid to long term case studies is indecisive
 an Houwelingen and V an R aaij, 1989; Mountain, 2006) or shows a negative trend
{ an [@n et al., 2010). To date, the effectiveness of HEMS seems mostly short lived.
I e have already discussed that HEMS are not useful for all households, and not
all households want to, or manage to, reduce energy consumption. k is therefore
guestionalde whether implementing HEMS ‘®n masse ”will contrikute to overall energy
efficiency. In fact, it might result in an overall decrease of the total HEMS effectiveness.
Careful consideration is therefore needed as to which user groups will ke targeted.

5.2 Process of change

A numker of participants in the case studies indicated that acquiring an HEM S was part
of a longer process of change in which they were Growing ”towards sustainablity. One
participant in the second study explained:

“1think that in part 1did kecome more conscious when I started working at the
ASN kank [sustainabde kank in the Netherlands €ds.)]- Also almut all the
possiblities there are [to ke sustainalde]. Y ou don 1 realize all those options in
the keginning.””

He indicated that through the energy manager he had received more insight into the
standky use of appliances and turned them off at night, adding that: “{lt]was also pointed
out a bit by my colleagues in the past’’, and commented further on the persuasive social
influence his colleagues had on him. A second participant responded in a similar way.He
said: “that I kecame more conscious is 4 years ago, I think approximately””. He was now
implementing flip switches and timers throughout the home. Il hen asked alwmut the
reason he explained he was inspired ky an ®co-minded”colleague. Sometimes there is a
direct trigger, like a participant3 BIl: “In the last electricity BIl [half a year kefore] it
turned out that we used almut one and a half or two times the national average’. He
continued: “In first instance I messed around a Bt with energy meters and that sort of
thing”” after which he signed up for the case study. Two months into the study he
purchased solar panels. Qvincidentally there was a price incentive offered ky his
municipality that influenced his decision, which again gives an indication that HEM S
should ke seen as part of a larger scheme.

I oodruff et al. @008) found that for the 35 homes they interviewed, sustainallity
was often a progressive development over many years.ll hile for some sustainallity is a
philosophy that permeates their whole life, certain phases in life or financial positions can
assist or inhildt this process. As one focus group participant told, his electricity
consumption dropped from 5500 to 3,200 ki h when his two sons moved out. T his
aspect needs to ke examined in more detail, in order to understand the role HEMS can
play in aiding people in this change process. Measuring the exact effects of HEMS
however, kecomes far more complicated as it can ke part of a chain reaction and
permeates into other areas of life. T he examples almve also show that social dynamics are
an important aspect to consider.
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5.3 Net impact of HEMS

nsideration should ke given to the overall life cycle impact of HEMS and not only to
the savings that can ke achieved. In other words, a trade-off needs to k@ made ketween
the energy needed for production, use and disposal of the device versus the amount of
energy saved by using it.W hen the savings achieved through HEM S are only sustained
for a short period, it is hard @r even impossilde)to kyeak even with the amount of energy
invested. An assessment of the cumulative energy demand CEDPcan ke a useful tool
here. In light of the uncertain long-term effects of HEMS it can ke argued that these
devices should not ke developed as stand-alone products, kut should ke integrated in
existing products instead. Gare should however ke taken that the simplicity and
accessiblity of the feedkmck is maintained.

5.4 Smart grid future

A smart grid system allows for two-way communication ketween utilities and consumers.
Smart grids focus on peaking shifting, e g., through dynamic pricing schemes. T his
process employs smart meters and HEMS that provide real-time pricing, which gives
consumers the incentive to reduce electricity use during high-priced peak periods.
Research from 1987 implementing HEMS with pricing schemes has shown that the
overall consumption is not reduced kut rather shifts to periods with cheaper electricity
Gexton et al., 1987), implying that smart grid systems mainly lead to different energy
usage kehaviour @nd not necessarily to energy conservation). T he environmental kenefit
of smart grids is the creation of more evenly distrikuted grid-loads, kut such societal
kenefits are relatively akstract for individual households and difficult to communicate. In
a smart grid system, HEMS will k® indispensilde for giving users insight in the energy
pricing schemes. They may also offer some level of control over smart appliances.
H owever, the amount of user control and the influence this has on energy consumption
needs further study.

6 Conclusions

As stated in the introduction, the aim of this paper was to present a numker of insights
useful to the design and implementation of HEMS . By using the conceptual framework
on human-product interaction, a numker of important areas have keen highlighted that
have received little attention in literature reporting on the effectiveness of HEMS
feedkmck. Ik has keen shown that studying the HEMS-user interaction and how this
changes over time can give a wealth of knowledge that can contrikute to kmtter design
and implementation . Additionally, family dynamics and the social context are a notalde
factor in the acceptance of HEMS and the achievalde savings. T he paper has also looked
at the triangular interaction ketween HEMS and its user and other symhbiotic products
showing that these intertwine with the achievalde effects of HEMS.

Fnally, the paper concluded that the ®ffects”of HEMS should ke placed in a wider
context. Effects are far more complex and harder to define than the just direct outcome on
energy consumption. Ik is important to consider the entire life cycle and the emkzdded
energy . Effects also need to include a time factor and the scale of implementation: how
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long HEMS are used, which inds of)households manage to save energy and what the
‘urablity of the achieved savings is.

Some of the insights need to ke further sulstantiated ky means of quantitative data.
How often do HEMS kecome oksolete prematurely, at what point in time does this
happen and what are the causes and effects? How can feedkmck k® made more
understandalde and appealing to @ther) memlkzrs of household and how can HEMS
positively involve all memkezrs in reducing energy consumption? How detrimental are
defective functioning and technical interfaces to energy savings?

In answering these questions, longitudinal research with an interdisciplinary character
through close collalwration ketween social sciences, the human-computer interaction
@ A)community, energy suppliers, designers and developers, as well as HEMS users, is
essential. One possikde case study could ke to test a numlker of different HEMS
dnterfaces) simultaneously using a mixed method approach. Another is to study the
effects of implementing HEMS as part of a range of interventions and incentives to
reduce consumption @ ull court press” approach). Thirdly, experience sampling @
technique to make participants record temporal things like feelings in the moment)could
prove to ke a relevant approach to come to a ketter understanding of which household
memker §)isAre using the HEM S and how,when and for what reason,so that HEM S can
ke ketter tailored to these situations.

T here is still significant progress to k® made in the development and implementation
of HEMS . But by taking the areas shown in this paper into consideration and studying
them further, the effectiveness of HEM S will improve.
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