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Reason for this research

A family retrofitted their recently bought home with high-tech installations that had
the potential to achieve significant energy reductions. However, after several years,

the reductions had still not been achieved. The owners were struggling to understand
why their energy consumption was higher than expected, and so they called in experts.
Several attempts were made to gain control over their consumption, but to no avail. To
measure and receive feedback on their energy consumption, smart meters and a device
giving feedback were experimented with, but without success. The owners therefore
remained in the dark as to whether their technical installations were not living up to
expectations, or whether it was down to their own habits, practices and use of the
installations.

This is just one of a range of experiences from practice that gave rise to this
research. Had a simple device that gives easily accessible insight into and control
over a household'’s energy consumption been available to the above family, it might
have helped them to understand the cause of their higher than expected energy
consumption and to achieve the energy savings potential.

There has been research on such devices - namely home energy management systems
(HEMS) - but why they are not always used or effective in practice, remains uncertain.
The aim of the research presented in the thesis was to explore how HEMS might, not
onlyin theory but also in practice, better contribute to achieving long-term energy
reductions in households. This was done by evaluating the longitudinal effectiveness of
HEMS and exploring factors that influence their use and effectiveness. The aim was to
infer design-related strategies to improve the use and effectiveness of HEMS.

Reason for this research
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Introduction

This publication is an extended version of the summary and conclusions of the doctoral
thesis ‘Smart Energy Management for Households' (van Dam, 2013). It is specifically
intended to give practitioners dealing with HEMS in their day to day profession practical
tools to strive to improve the use and effectiveness of HEMS. This booklet gives a
concise summation of the insights and guidelines formulated in the thesis concerning
the design use and implementation of HEMS, coupled with citations from users, and
practical examples of the applicability of the insights and guidelines. In doing so it aims
to let industry benefit from the findings of the research without needing to directly read
the thesis

This booklet has the following setup. First the general setup of the research is
explained, along with the framework used to structure the findings of the research.
Next, the various findings related to the different elements within the framework are
discussed along with the design related guidelines following from these findings.
Where possible, these findings are supplemented with citations or practical examples
along with references to where the findings are explained in the thesis, in case the
reader is particularly interested in a certain topic. This booklet consecutively provides
a reflection on the research as a whole and on its setup, as well as on current industry
developments. Finally recommendation for the domains merged within this research
- namely housing, the building industry and the HEMS industry - as well as for future
research are presented.

The resulting knowledge can be employed to inspire these domains. For the HEMS
industry: in striving to designing HEMS that are capable of influencing users, effective
in reducing energy consumption, and easily usable and implementable in everyday
life. For the building industry this research illustrates the benefits of considering

the behaviour of inhabitants in achieving sustainable housing transformation.
Furthermore, lessons are presented in how the building industry can contribute to
increasing the ease of implementation of HEMS. HEMS researchers may assimilate
knowledge for setting up and conducting future research well and to deepen the
knowledge on ways of increasing the effectiveness of HEMS.

Introduction @
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Research setup

The aim of the research was to infer design-related insights and guidelines to improve
the use and effectiveness of home energy management systems (HEMS). This was
done through an empirical evaluation of the longitudinal effectiveness of these devices
and an exploration of factors that influence their use and effectiveness. Four main
goals were stated:

« Anempirical evaluation of the mid- to long-term effectiveness of HEMS.

-« Exploring and identifying factors that may influence the use effectiveness of HEMS.

« Inferring design-related insights and guidelines to improve the use and
effectiveness of HEMS.

« Reflecting on the implications for housing transformation, HEMS practitioners and
researchers and their goal to reduce the energy consumption of households.

Three case studies executed with three different HEMS in households, a life cycle
assessment (LCA) on those three HEMS, as well as a reflection on the challenges of both
researching and implementing HEMS in existing housing gave a comprehensive picture
of the opportunities and barriers for HEMS and their potential for achieving behaviour
change and energy reductions. The research revealed five typical use patterns that
emerged amongst households. It also revealed average energy savings of 7.8%, which
however decreased in the follow-up that was conducted, and factors that may influence
the use and effectiveness of HEMS. Nonetheless, the LCA calculations divulged that

the HEMS can achieve net energy savings when taking their embedded energy into
account.

Reducing the energy consumption of existing households formed the starting point
for this research. There are many facets to this energy consumption, including the
size, quality and age of the home, its appliances and technical installations (which

Research setup @
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increasingly run autonomously or in the background), and its inhabitants, including
their demographic characteristics, practices and behaviours. Because of this
complexity, addressing only one of these facets is not effective in substantially reducing
the overall energy consumption of households. This called for an interdisciplinary
approach, merging the domains of design for sustainability, sustainable housing
transformation and environmental psychology.

In this research, HEMS were chosen as the intervention to address the various elements
that contribute to household energy consumption, thereby functioning as a pivot. This
was done because HEMS can be implemented in existing households with existing
appliances and technical installations. By giving feedback and/or helping households
to manage their energy consumption they can, in theory, assist them in changing their
behaviours and practices and thus reduce their energy consumption. The capability

of HEMS to visualize background energy consumption was also seen as an essential
component.

However, in analysing literature on HEMS, four critique points were encountered.
Past research tends to be limited in the types of HEMS and energy sources studied.
Furthermore, limited knowledge was available on the longitudinal effectiveness of
HEMS, the large variances in achieved energy savings and use of HEMS, and factors
influencing their use and effectiveness.

To address these critique points and explore the influence of the factors: user,

other people, other products, context, and time; the human-computer interaction
framework of Wever et al. (2008) and van Kuijk (2010) was proposed. HEMS were
positioned within the framework (Figure 1), postulating the pivotal role of HEMS: how
they influence and relate to the other elements in the diagram and household energy
consumption, thereby implying that these elements in turn influence the use and
effectiveness of HEMS. This framework visualized the interdependence of the different
elements and structured the findings of the research.

Smart Energy Management for Households @
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Figure 1
Factors influencing the use and effectiveness of HEMS. Adapted from Wever et al. (2008) and van Kuijk (2010)

In past research, the specific influence of the various relational lines and elements
within the framework was given limited or no attention, due to the predominant
singular focus on savings, and therefore their influence remained unapparent. To
explore these factors, three case studies, each with a distinctly different type of HEMS,
were conducted. The three HEMS were an electricity monitor, an energy management
device, and a multifunctional HEMS. Figure 2 gives a short overview of the time line of
the three case studies.
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Figure 2

Time line of the three case studies

14

The first case study evaluated the longitudinal effectiveness of the energy monitor
(Figure 3, picture 1) in 189 households during a 4-month period and at an 11-month
follow-up. The energy monitor gave real-time and cumulative/24-hour feedback on
overall electricity consumption. The quantitative data for this first case study were
gathered by means of meter readings and four online questionnaires.

In the second study, an energy management device (Figure 3, picture 2) was
implemented that gave real-time and historical feedback for individual appliances and
helped manage whether and, if so, when appliances consumed electricity. This study
lasted five months. The data were gathered by means of qualitative, semi-structured
in-depth interviews through house visits with 10 households.

The third case study implemented a multifunctional HEMS (Figure 3, picture 3 and

4) that gave historical feedback, and for half the participants real-time feedback,

on gas and electricity consumption and lasted 6-12 months, depending on time of
installation in households. The data in this case study were gathered by means of focus
groups, usability studies and interviews amongst 54 participants of which 40 were
unique.

Smart Energy Management for Households @



15

3

Figure 3

Picture 1: the ‘Wattcher’ energy monitor used in case study one.

Picture 2: the 'Plugwise’ energy management device used in case study two.

Picture 3&4: Multifunctional HEMS used in case study three (picture 3 displays the start screen for the ‘dumb’
meter, picture 4 displays the start screen for the 'smart’ meter).

Research setup @



Coding

A coding system was used in this booklet to identify the citations from individual
participants of the second and third case study. Each participant received a unique
number (1-50). After the number, letters indicated which HEMS the participant had
used, which research group he or she was in, and what type of qualitative research he or
she had participated in™.

Participants in the second trial using the energy management device have the letters
(EM) and an additional letter indicating they were in the group with only plugs (P) orin
the group that also had the Eee top (E). Interviewees are indicated by an (i). The bold
letter indicates from which data the citation came. In the cases where two adults were
interviewed within one household, an “(M)" or “(F)" indicates whether the comment is
from the male or the female.

In the third case study with the multifunctional HEMS, the letters that were used
indicate, in order of use, the multifunctional HEMS (MF), whether they were in the
smart meter (S) group, analogue meter (A) group or used the HEMS only in a lab setting
(blank), and whether they participated in the usability study (u), one or two focus
groups (f or ff), the concept test (c) and/or the interview (i).

Participants from the first case study were not uniquely coded due to the quantitative
nature of this research. In the few cases that a comment from one of the participants in
one of the four questionnaires is cited, reference is only made to the first case study.

16

For a full explanation of the setup of the case studies and further demographics of the participants see §5.2.3,
§5.3.3, §5.4.2, and Appendix AV of the thesis.
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Findings

Five sub-questions were formulated in order fulfil the goals mentionedin § 2.1and to
derive design-related insights and guidelines. These insights and guidelines relate to
the issues surrounding HEMS, as visualized in Figure 1, and are intended to improve
the use and effectiveness of HEMS.

The five research sub-questions that were explored were:

« What are the medium- to long-term results of HEMS on energy savings?

«  What typical use patterns emerge when households have a HEMS in their homes
over a prolonged period of time?

«  What factors might influence the use and effectiveness of HEMS?

«  Whatis the overall effectiveness of HEMS when taking their lifecycle and embedded
energy into account?

«  What canindustry and researchers learn from implementing HEMS and conducting
research with HEMS in existing households?

This section in splitinto 5 paragraphs that each address one of these questions .

After answering each question and presenting supporting citations from participants
orexamples, the design-related guidelines that can be inferred from the answer

are formulated in text boxes. Quotations are in blue between quotation marks and
examples are presented as second level bullets in blue. The findings are structured
according to the framework in Figure 1. Finally, a closing remark on the design-related
insights and guidelines is given.

The first question on what the medium- to long-term results of HEMS on energy
savings are was mainly addressed in the first case study which will be discussed here.

Findings @



§ 3.1.1 Conclusions on the element of time in Figure 1

The first case study, of 189 households that used an electricity monitor for 4-15
months, addressed the element of time. The conclusion was that the effectiveness of
HEMS tends to decrease over time. The initial savings in electricity consumption of, on
average, 7.8% (for 54 participants) after four months were not sustained over a period
of 15 months.
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Figure 4
Histograms of achieved savings (%). Picture 1: after 4 months (Mean=7.8 SD=13.8, N=54), Picture 2 after 15 months (Mean=1.9
SD=11.8, N=54).
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« The participants were divided into three groups. The group that had developed
a daily habit after 15 months of checking the monitor at a fixed time, achieved
the largest initial savings in comparison to the groups that did not have a daily
habit after 15 months or that returned the monitor after four months. Both the
savings and the development of the habit were likely caused by the household’s
predisposition (Figure 5) (Ch. 4).

« Allthree groups had the same rate of fall-back (Figure 5), even though the line of
group AH looks steeper (Ch. 4).

« Households’ responses to the interventions were divergent, with large differences

between households in positive and negative energy savings (Figure 3) (Ch. 4).

— The household that saved the most (a family of three) saved 42.6% of electricity
during the pilot and 30.4% during the follow-up. By contrast, the worst
performer (a family of two) used 33.6% more electricity during the initial trial
and 40.6% more during the follow-up. The 'high spender’ (initial electricity
consumption of 3985 kWh/year) had purchased an airconditioner, whereas the
"top saver’ (initial electricity consumption of 2673 kWh/year) followed a strict
regime: writing down the electricity meter data twice a day, recording how often
the washing machine and dishwasher were used, replacing all incandescent
bulbs, limiting the use of the tumble dryer to the bare necessity, decreasing the
use of the dishwasher, and placing a timer on the pump of the garden pond. He
made an extra note that he was “very proud” of his achieved savings.

« An electricity monitor might not be an effective strategy in the long run if it is
implemented as a standalone measure (Figure 5) (Ch. 4).

« Interviews during the second and third case studies revealed that HEMS do
sometimes facilitate engagement in a process of change, helping users to reduce
their energy consumption. (Ch. 7)

50EMPi: “In the last electricity bill [half a year before] it turned out that we used about

one and a half or two times the national average”. He continued: “In first instance I

messed around a bit 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. Coincidentally
there was a price incentive offered by his municipality that influenced his decision.

Findings @



Design-related guidelines and insights related to the lon-

gitudinal effectiveness of HEMS

- HEMS should not be developed as standalone interventions but should be incorpora-
ted as part of a broader, overarching change strategy.

- Consideration should be given to implementing them alongside other interventi-
ons, (financial) incentives, campaigns, and policy regulations.

- Interventions that utilize current energy monitors are mainly successful if they are
targeted at a specific niche of users who are highly motivated to incorporate the use
of the monitor into their daily lives. Therefore the ‘en masse’ implementation and
target audience of HEMS should be given careful consideration.

- Toincrease savings across the board, and to counter the difference in measured
effectiveness between different users, interventions should be tailored to individual
households.

20 Smart Energy Management for Households @



§ 3.2 Typical use patterns that emerge when households have a HEMS in
their homes over a prolonged period of time

Strong differences between users and the way they used and applied HEMS were
found amongst the participants in the second and third case studies. The patterns that
emerged in the use and application of HEMS cannot be seen in isolation from the user
who brought them about. To be able to present the findings in a manner that gives a
coherent description of the context of use and the strong differences between users
and their use of HEMS, the findings were translated into a classification of types of
users and their use of HEMS:

I u

The techie The one-off user The manager The thrifty spender The joie de vivre

Figure 6
Five types of users and their use of HEMS
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« The 'techies’ used HEMS to analyse and keep track of their (overall an
dissaggregated) energy consumption and production over time, which was seen
as a hobby. For some techies, it was also a challenge to reduce their (baseline)
consumption as far as possible, mainly through technical solutions such as efficient
lighting, timers, hot-fills and energy-saving software. They would also sometimes
browse forums for more unorthodox solutions. They had kept track of energy
consumption in the past and they enjoyed the gadget appeal of HEMS and having a
variety of types of feedback.
50EMPi: “Ijust like watching it [the energy management device].” 41EMEi: “The way
in which I go about it is that I now, I used to do it weekly but now monthly, write down
my meter readings... And at the same time, the readings of the solar panels... I put that
in an Excel spreadsheet where I can view the consumption over a period and I can make
a prognosis” 16MFSf: “I wrote the meter readings down on Sunday evenings...before or
after studio sport... easy to remember... It was just interest, hobby, a bit of fun. Playing
around in excel to accomplish that, adding those graphs.”

« The ‘one-off users’ had characteristics that overlapped those of the ‘techies’.
However, they used a HEMS as an informative but short-term tool to discover which
appliances they could reduce energy consumption on and, where possible, to be
able to implement technical solutions or, to a lesser extent, adapt their behaviour
on the basis thereof. The one-off user’'s motivation to switch off appliances when
not in use may be as much (or more) for fire prevention as for energy savings.

46EME;i: “"We both though it [the energy management device] seemed like fun. So then

we ran through the whole house together placing plugs in everything... Like two kids in a

toy shop.” 44EMEi: “If I'm into it, in the ‘vibe’, then I enjoy being occupied with it, then I

enjoy adjusting the settings, then I enjoy knowing ‘small facts’, to click on something for

‘did you know that?’, then I will read it all. But the rest of the time. I have other things on

my mind, then I am busy... with all sorts of other stuff. 42EMEi(M): “Like with that NAS,

I therefore learned that the program indicates that itself, a kind of on/off at fixed times,

and I now use that, and it's programmed once and I'll probably never touch it again.”

« The'managers’ used the HEMS to keep tabs on the consumption of appliances and
other household members, using it as a ‘badgering tool’ or ‘evidence’ to address
their behaviour. Showering habits and unnecessary consumption (e.g. with regard
to their baseline) were a particular focal point. Family dynamics played a key role in
this type of use.

7MFufc: “Sometimes they [kids] take long showers, and then the door is locked, so then

I have to knock on the door once in a while. Like: ‘hurry up a bit!". How much that costs,

Idon’t know exactly. But now I could quickly run down the stairs to look. And then I can

also show it.” 17MFSfc: “when those girls of mine were under the shower, I just turned

the warm-water tap on [downstairs] and then hooo!” and “But my husband and my
son, when they have been in a room the light remain on, and that has been annoying
me my whole life. So I hope that through the display that the rest of my family will start

Smart Energy Management for Households @



23

to become more aware of the electricity consumption.” 43EMPi(F): “I can also just get
really furious if someone forgets to turn the washing machine on during the cheap

tariff.”

« The 'thrifty spenders’ were characterized by their thriftiness. A HEMS was appealing
because of its money saving attributes, but also because it was supplied free of
charge. Their perceived thriftiness is based more on their perceived attitude and
upbringing than on hard facts or knowledge. While even small potential savings
are interesting to them and they are keen on receiving advice, they tended to have
difficulty applying the HEMS to achieve savings.

48EMEi: "Still I saw that, despite the small..., it is still €30 that I can cut back per

year.”38MFAi “It's not the case that I cannot pay for it otherwise or something, but

it is just, well... That's from my childhood, also from my parents” and “I have friends

who... have to go along with all the latest things. And not I I will only throw something

away if it is rather worn-out.” 48EMEi: “No, I'll just wait till it [her second-hand fridge
of unknown vintage] is worn out. I'm not going to buy a new one anyways"” and “If you
think ‘I can be more thrifty’, then you will engross yourselfin it [energy bill], but I think,
well, actually, I can’t be any more thrifty."”

« The'joie de vivres’ used HEMS as means of keeping a global but intermittent
overview of how their money was being spent, and possibly to verify whether their
bills were correct. They disliked being confronted too often with their consumption,
disliked details and tended to have difficulty understanding energy data and HEMS
in general. They are dissimilar in their characteristics to the ‘'managers’, being more
relaxed and not striving for control. Comfort and convenience are valued

20MFAfi “It caught my attention that my consumption increased so substantially and

it was more my frustration that I did not know where it was going. Not that I couldn’t

pay it, but then you get these ideas, like, yes but isn‘t any energy leaking away? And
that is because I have a renovation behind me, and that was actually the background.

And actually I haven't got an insight into it, and I thought, now it's structural again, it's

placid again, well, that’s fine then” and "“Right now that [consumption figures] doesn’t

mean anything to me, because I don’t know what the norm is.” 29MFc: “No, whether
someone showers for three or four minutes... I know, look, it's not wrong to keep paying
attention, but I just want to shower comfortably. No, no, no, I am not that type.”

Commonly, not all household members used the HEMS, and in particular the feedback
it gave. Reasons that were stated were, forinstance, disinterest in energy consumption,
the feeling that saving is too much effort or has too little benefit, the HEMS is too
technical, or that there were technical problems with the feedback.

Findings @



Design-related guidelines and insights related to the typi-

cal use patterns that emerged

- In the design of HEMS, consideration should be given to users’ desired use, practices
and goals. Particular attention should be paid to those aspects that seem beneficial
to a HEMS' effectiveness,

- Examples addressed in the thesis were a desire to receive feedback on shower use
(e.g. duration of showers, amount of energy or water used) as well as the practice
to use the HEMS to monitor baseline consumption. A HEMS could be better equip-
ped for example to visualize past and current baseline consumptions and persuade
households to reduce it.

- The effectiveness of HEMS could potentially be enhanced through the application of
insights from interaction design research to target the different types of users and
their use of HEMS.

- Various options are available. Three potential avenues are given as examples:

- Fogg (2003, 2011) suggests approaches for creating persuasive technology, for
example by focusing on motivation, ability or creating a trigger.

- Gialdini (1993) addresses seven influence strategies, such as social comparative
feedback: showing with smilies how you are doing in comparison to neighbours.

- Lockton (2012) merges various disciplines in his design with intent toolkit: a prac-
tical tool suggesting eight different lenses through which to design for behaviour
change

- Designers should strive to support the creation of positive dialogues between house-
hold members through the HEMS.

- Possibilities could be social games or paying attention to positive achievements.

24 Smart Energy Management for Households @
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This paragraph addresses the question on factors that might influence the use and
effectiveness of HEMS. It addressed the ways in which the HEMS, the user, other
household members, and existing technical installations and appliances interplay and
potentially influence whether and, if so, how households use HEMS, which can have a
domino effect on their effectiveness. The factors are discussed below by systematically
addressing each of the interactions in Figure 1, drawing from the findings of the three
case studies.

Regarding the interaction between a HEMS and its user(s) in Figure 1, the
following factors may influence the use and effectiveness of HEMS

« Number of persons using a HEMS in a household: there was often one main user of
the feedback given through HEMS, and this user was often male. This means that
there was usually only one person in a household who received feedback and could
potentially act on it (Chs 6 and 7)

41EMEi: "Yes, I'm the user [of the energy management device]. Yes, that is even not

99% but 100%."

«  Mismatch between HEMS and user: users have distinctly different capabilities,
needs, desires and usage related to HEMS, for which HEMS are not always
appropriate. Different types of feedback (e.g. real-time, disaggregated, historical,
comparative) fit different desires and applications (e.g. tracking consumption of
individual devices, oversight, badgering tool) (Chs 6 and 7).

19MFASf: At first I saw kilowatts [current consumption] and cubic meters [per hour].

Now I only see euro’s [per day], well that means completely nothing to me, you know.

6MFu: “It is all numbers; it doesn’t mean anything to me” and “So then those numbers

are sort of meaningless... I think colours more. More than numbers".

+ (In)ability, (dis)interest or (un)willingness: not all users want or are able to save
energy with a HEMS (Chs 4 and 7).
“The electricity monitor confirms that we are doing well. Further savings would barely be
possible in our household.” (first case study). 29MFc: “that makes me panicky, that’s not
healthy”. saying that consumption is “only to be viewed on my own initiative”
— Users had difficulty understanding what energy figures such as kWh's and m?
mean and indicated a need for a point of reference in order to be able to act on
the information.

Findings @
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6MFu: “what does ‘m’ ‘3" mean?” 20MFAfi: “Right now that [consumption figures]
doesn’t mean anything to me, because I don’t know what the norm is.”
— Managing the energy management device was challenging for some
participants.
47EMEi(F): “I don’t understand anything at all about it [the HEMS], but I am also not
technical for the rest.”

« User's goals and energy saving approaches differ. This influences the duration and
intensity of the use of a HEMS (Ch. 6).

Goals: 46EMEi: “Well, to get insight into the consumption, really. Not the overall

consumption, but the consumption of an appliance or group of appliances.” 41EMEi:

“...view the consumption over a period and I can make a prognosis of, say, what the

consumption will be towards the end of the year.” 48EMEi: “To see if I could be more

thrifty than I already was.

« The quality of the technique: current HEMS that are on the market and/or are being
researched are still an emerging technology, and as such they quite often still have
start-up problems (Chs 6 and 7).

23MFAf: “If you get inexplicable peaks of 180 euros for gas and 150 euros for

electricity per day it is hard to believe the rest. You can't steer on it... All these numbers,

measurements, they don’t mean anything anymore.”

« AHEMSintegrationin a household’s everyday life and practices:

— Energy management devices do not always fit well with the rhythms and

practices of everyday life (Chs 6 and 7).
48EMEi: "I believe my husband has pulled the plug [of the device] out again...so then I
thought; I'm really giving up”.

— Forsome users, a HEMS becomes engrained in daily life with a daily habit of
checking the HEMS, which was reported by over 25% of participants in the first
study. To put things into perspective, however, over half opted to return the
HEMS after four months (Ch. 4).

— Acommon ritual that occurs around HEMS checking it before going to bed, in
example for a baseline check whereby households check to see whether their
consumption drops at night (Chs 6 and 7).

“There were times sitting in bed, turned the light out and then try to get the little light
(on the monitor) to come on so we could read it in the dark - ‘yea, we’ve dropped! Night
night, darling!” (Kidd and Williams 2008)
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Regarding the interaction between user and other people, and HEMS and
other people in Figure 1, the following factors may influence the use and
effectiveness of HEMS

« Unappealing design or nature of HEMS: current HEMS do not appeal to the majority
of members of households, although non-energy related HEMS functionalities might
interest other household members more than feedback or control (Chs 6 and 7).

50EMPi: “I look at it [the energy management device], yes, yes, yes. My girlfriend doesn’t

look at it, no, no, no. No, she doesn’t look at it..."”

« Family dynamics (Chs 6 and 7):
— HEMS may help open lines of communication between household members to
reflect on behaviours.
“Consumption had become easier to discuss with the family members.” (first case study)
— HEMS are sometimes used as ‘evidence’ or a 'badgering tool’ to try to influence
the behaviour of other household members, which may be beneficial for energy
savings but can lead to conflicts.
“I mean some nights I can come home from work and the whole house is lit up like
Blackpool Tower - the computer’s on, the telly is on, the radio’s on in here and there's
nobody in the house! That used to drive me up the wall but they are now starting to
think. I've been badgering them and I've been flashing that meter in their faces!” (Kidd
and Williams, 2008)

« The capability of, success at, orinclination to influencing the behaviour of other
household members: HEMS users indicated that they were not always capable of or
successful at influencing others, or were not inclined to do so (Ch. 6).

21MFAfi: “See, and that was of course also a bit my intention, to make them, um, more

conscious... but I have not yet been able to achieve that completely... Well, children in

puberty, it doesn't interest them that much. Other things keep them occupied.” 48EMEi:

“So it has not achieved behaviour change with my household members."”

Regarding the interaction between HEMS and other products in Figure 1, the
following factors may influence the use and effectiveness of HEMS

Cause-effect relationship: one application of HEMS is to trace overall consumption
back to individual appliances. However, the cause-effect relationship between
overall consumption and individual appliances based on aggregated feedback may
be easy, challenging or frustrating, depending on the characteristics of the user.
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HEMS that give disaggregated feedback on individual appliances were preferred by
certain users but disliked by others (Chs 6 and 7).
17MFSfc: “I don’t need to know all of that. Look she [15MFSf] wants to know
everything, what everything uses and so forth, but I don’t need to know that. I think this
is totally unnecessary. I like to see those peaks and that you have a blue line and a red
line, and I just want a good line, but I don’t need to know what those appliances...”

« Match and compatibility with appliances and users knowledge of appliances:
current energy management devices are not always an optimal solution to reducing
the standby energy consumption of appliances (Chs 6 and 7):

— Some appliances - such as HD recorders, network attached storage, digital set-
top boxes and other appliances with clocks - are ill adapted to being switched off
externally (manually unplugging or with an energy management device).

42EMEi(M): “When you actually just pull the plug [of the NAS], which is what you

actually do with the energy management device... then it actually uses more energy than
when you let it turn off by itself.”

— User knowledge of the workings of their appliances and the most efficient energy
settings was regularly inadequate. This resulted in the suboptimal use of the
energy management device and energy.

47EMEi(M): “But your modem works with an IP address and if you turn it off then a new

IP address is assigned to you... I had it a while ago and then you get an IP address that

was blacklisted. So I do not turn it off any more”

« Both technical installations and HEMS are currently poorly equipped to measure
the production of renewable energy (e.g. via solar panels), while interactions with
participants indicate that HEMS are particularly appealing for households that
produce their own energy (Chs 6 and 9).

50EMPi: “Well, of course, I will, um, sit in front of the meter closet for a week to see how

much the solar panels produce [when they arrive].”

Regarding the interaction between users and other products, and other people
and other products in Figure 1, the following factors may influence the use and
effectiveness of HEMS

- Energy savings approaches and motives differ: certain types of users prefer either a
behavioural or technical approach to energy reduction, while others do not strive for
reductions (Ch. 6). Users may have an additional or alternative motive for turning
appliances off, for example to reduce the risk of fire.

— Users who favour technical solutions to energy reduction prefer to implement
technical solutions, change products or adjust their energy settings.
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42EMEi(M): “Like with that NAS, I therefore learned that the program indicates that
itself, a kind of on/off at fixed times, and I now use that, and it's programmed once and
I'll probably never touch it again.”

— Users who favour a behavioural approach are predominantly geared towards
reducing unnecessary consumption and the duration of use of, for example,
lights, showers and appliances, by paying attention to the behaviour of different
household members.

One household thought they had saved because of “non use, switching off and tighter
control over the kids (ADHD).” (first case study)

— Some users or household members just won't change.

39MFAi “No, I'm not going to take the plugs of my TV out” and laughs.

« Lock-in: Busy lifestyles, lack of knowledge of how and when to turn off their
products, and choices from the past can hinder changes in energy consumption
behaviour. Certain participants indicated that they found themselves "locked-in’ by
past choices. Even highly motivated people may find it hard to change (Ch. 7).

23MFAf: “Had I known then what I know now... I should say that I would have carried

through further with insulating... But well, the house has been renovated and then you
don't really start again that quickly.”

Regarding the element of context in Figure 1, the following factors may
influence the use and effectiveness of HEMS

Organisational aspects such as tenure, type of installation (e,.g. fitter, DIY), (lack of)
accompanying services, and data transmission with external parties can hinder the
successful implementation of HEMS (Ch. 9).
19MFASf: “I have had the fitter come over four times... But it functions now, except the
statistics don’t work. But I am not going to call anymore.”

The location, the structure of the home and the embedded housing technology -

especially the type of gas and electricity meters - can have a negative impact on

data transmission and the implementation of HEMS (Ch. 9).

— Examples of issues given in the thesis are the distribution of housing technology
throughout the home with too large distances, reinforced concrete, unsuitable
meters, irregularities on meters, incorrectly read or unclear C-value of meters.

« These elements may furthermore lead to the HEMS not functioning properly or to

households receiving intermittent, erratically fluctuating or incorrect feedback (Chs
7 and 9).
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§ 3.3.6 Mainfactors

In summary, the main factors that can be derived from the above-mentioned bullets are:

« The characteristics of the user and other household members (their knowledge,
capabilities, motivations, interests and desires).

« The design of the HEMS (its specifications and functionalities, the type of feedback,
the quality of the technique, its usability, applicability and relevance, and its
integration and implementability in household daily life and practices).

« Thedesign and functioning of appliances.

«  The design of the dwelling.

+ The match/mismatch or compatibility/incompatibility between HEMS, users,
appliances and the dwelling, and the adoption of the HEMS by household members.

«  Family dynamics.

« The complexity of reducing energy consumption and users’ preferred type of
reduction approach.

Design-related guidelines and insights inferred from

the factors that may influence the use and effectiveness
of HEMS

- One size does not fit all. To increase the audience of HEMS, they should be diversified
using a user-centred design approach,

- Examples of diversification are the application of different types of feedback given
at different levels, persuasion techniques and different architectures.

- Consideration should be given to the differences between users and the developments
of users over time with regard to their capabilities, manners of cognitively processing
information (e.g. visually oriented, preferences for colours or numbers), interests, levels
of energy- and appliances-related knowledge, and technical know-how,

- Ways in which HEMS can accommodate these differences are by creating a layered
design in the interface (e.g. giving basic information up-front and more in-depth
information in following screens), by using a combination of methods and graphi-
cal elements to relay energy consumption data (e.g. size, colour and numbers, see
figure 7), and making comparisons (e.g. between different time periods, energy
sources, and households) easy.
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- HEMS should strive to make energy reduction opportunities easy and apparent.

- e.g. through visualising potential savings in (baseline) consumption or suggesting
automated saving opportunities.

- In order to create recurrent awareness of energy reduction amongst HEMS users,

designers should consider not developing HEMS as a one-off design, but rather devise

a longitudinal design strategy to continue stimulating their users over time.

- Longitudinal design strategies may vary in complexity. They may, for example, give
consideration to adjusting the interface and its information based on seasonal
influences or shifting consumption, assisting households in a learning process, or
including more intelligent systems that perceive changes in household's environ-
ment or behaviours and make adjustments on the basis thereof.

- HEMS should stimulate users to begin a search process that leads to other media or peo-
ple for further analysis and in-depth (energy-saving) information, because only a limited
number of functionalities and amount of information can fit on the HEMS platform.

- Ways in which this could be stimulated is e.g. by accommodating easy transitions
(or export functionalities) between different platforms and information sources but
also creating more possibilities for extracting useful analyses from the consumption
data, such asinteractive graphs or correlations between energy consumption data,
weather, and indoor temperature as performance indicator of the home.

- HEMS should support users who have limited knowledge of energy and of the func-
tioning of their homes, technical installations and appliances. This is particularly
relevant for removing the confusion as to what current 'best practices’ for energy
reduction of energy-using products are.

- Examples are tailored information or (semi-)automation

- Attention should be paid to the possibility to develop daily habits around HEMS,
particularly the baseline-check or night-time ritual of checking the HEMS.

- Both the architecture of the HEMS as well as its interface can accommodate the
development of habits, e.g. through portability of the HEMS, specific information
on baseline consumption (incl. the use of colours) or notifications at certain times.

- Attention should be paid to the ability of HEMS, particularly energy management
devices, to function according to households’ daily practices.

- Forinstance by evaluating their architecture and location with regard to the vicinity
to a given activity and integration in other products.

- Ways of making HEMS more appealing to other household members who do not use
the HEMS should be explored.

- Engaging children should be considered as well as gaining a better understanding
of why HEMS are not appealing to other household members

- The proper function and usability of HEMS should be given the highest priority.

- Feedback on the production of energy, such as PV cells, should be considered and
promoted.
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Designs used in the concept testing during the third case study. Designed by Enrica Masi.

The first row portrays widgets of gas consumption broken down for hot water heating and space heating. It
visualizes both current consumption (m3 per hour or amount of minutes) and consumption over a given time
period (e.g. 24 hours). An animation of hot water traveling through the pipes visualized whether gas was being
consumed for hot water heating or space heating at a given point in time.

The second row portrays widgets of overall electricity consumption, visualizing both real-time consumption and
consumption over a specified time period (e.g. 24 hours) in relation to the norm or a goal.

The third row portrays widgets of comparisons to other households over a specified time period (e.g. one week)
and of baseline consumption, visualizing both real-time consumption and cumulative consumption of the night.
More in-depth information, such as graphs, could be found when a widget was pressed.
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§ 3.4 Assessing the overall effectiveness of HEMS when taking their lifecycle
and embedded energy into account.

The positive result of the lifecycle assessment is that all three types of HEMS studied
can theoretically achieve net energy savings (wheree_ . >e,_  )overthe course of
five years (Ch. 8 thesis and Table 1). To reach this conclusion, the cumulative energy
demand (CED), eco-costs and economic payback were calculated for the three HEMS
used in the case studies, and the new hardware of the multifunctional HEMS. The
net energy savings were calculated using the CED indicator and six energy savings
scenarios. In five scenarios, the savings were fixed and ranged between 2% and 10%,
with an additional ‘fall-back scenario’ based on the first case study.
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Table 1
Break-even point for the CED of the three HEMS calculated for the six scenarios
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However, there are a number of significant nuances:

« The electricity monitor is the simplest HEMS and, on paper, it becomes effective
sooner than the other HEMS: it achieves positive net energy savings within 6
months in all scenarios (Table 1).

«  On paper, the multifunctional HEMS has the greatest potential because it addresses
the household's total energy consumption (i.e. both its gas and its electricity
consumption).

«  Within the given scenarios, it can take up to 18 months for the multifunctional
HEMS and up to 24 months for the energy management device to achieve net
energy savings, as they have more hardware and higher electricity consumption
than the energy monitor (Table 1).

« If the electricity consumption of the HEMS itself is too high, the net energy savings
may become negative again within the course of five years. This was illustrated in a
fall-back scenario with the energy management device (§ 8.4.2 thesis).

« Forallthree HEMS, the economic payback time was more than five years in between
one and three of the scenarios (Table 2).

S — '] S o e

Energy monitor ‘158 €235 ‘312 ‘389

Multifunctional HEMS -€237 -€131 ‘€50 €231 ‘€412 €593

Multifunctional HEMSnew €186 €80 €101 €282 €463 €644

Energy management device -€239 -€153 -€76 €1 €78 €155
Table 2

Economic profit in euros after 5 years for the 3 (+1) HEMS for the six scenarios
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Design-related guidelines and insights related to the

lifecycle assessment

- Reported savings by means of a HEMS should be rectified to account for the embedded
energy in the HEMS itself and the resources needed to produce the HEMS.

- Overall, it may be argued that HEMS should not be developed as standalone, dedicated
products, but should be integrated into existing products. However, care should be
taken to maintain the simplicity and accessibility of the feedback.

- Design strategies towards reducing the number and size of parts and the HEMS' energy
consumption have positive effects on the CED and eco-costs.

- The eco-costs and CED of the new multifunctional HEMS were reduced by around
40-45% in comparison to the old one. The reduction in energy consumption was the
most significant contributor, followed by the size of the display.

- Careful trade-offs needs to be made with regard to the architecture of the HEMS.

- While the small size of the display of the electricity monitor is positive for the cumu-
lative energy demand (CED), it could limit the potential to achieve net energy savings
through behaviour change, due to the limited interface design opportunities.

- Itis recommended that energy management devices should be implemented only into
‘high potential’ appliances or by combining a very modest number of plugs from the
energy management device with an energy monitor.

- Examples of 'high potential’ appliances are those that have the highest potential for
large energy reductions, such as pumps for under-floor heating, close-in boilers, or
digital set-top boxes.

+ Openness to innovations.

- One example is the use of electromagnetic interference for disaggregation algo-
rithms or non-intrusive load monitoring (Zoha et al., 2013), which gives the benefit
of disaggregated feedback without the need for extra hardware due to the plugs.

- Different marketing models should be explored to take the effectiveness of HEMS and
their embedded energy into consideration.

- Forexample by leasing or renting them to households for a short period.
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Lessons for industry concerning the implementation of -and research
with- HEMS in existing households

This section focuses on the question: ‘what can industry and researchers learn from
implementing HEMS and conducting research with HEMS in existing households?’
Two of the case studies reported in the thesis encountered challenges during the
setup and execution (Ch. 5 thesis). Chapter 9 of the thesis reflected on the challenges
encountered in different case studies, which gave an unexpected dimension and a
different layer of insights on helping households manage their energy consumption.
The conclusions are briefly listed in this booklet for the housing sector, the HEMS
industry and companies researching HEMS.

For housing and the building industry:

§9.6.1-§ 9.6.2 of the thesis reflected on the implication for housing and the building
industry. The main conclusions were:

« Itisimportant to be aware that the implementation of energy reduction measures
in dwellings does not automatically lead to their inhabitants making energy savings.
Taking the inhabitants into consideration is therefore a fruitful and essential
approach to understanding household energy consumption and developing
strategies to reduce their energy consumption.

“Even the new water metering project in Amsterdam [during which meters were

installed for the first time at the request of customers] aims to install meters at the most

appropriate place in terms of costs and existing infrastructure, which in many cases will

be an inconvenient spot for regular household meter reading (GWL interview, 1999).”

(Chappells et al., 2000).

« The design of dwellings can have unforeseen consequences for households’ ability
to achieve low energy consumption.
— Inthe case of the HEMS, contextual factors concerning the location, the structure of
the home and the embedded housing technology (including meters), all influence a
household's ability to use and save energy with the help of a HEMS (Figure 8).

« Details, which are sometimes perceived as nitty-gritty, can have an unexpectedly
large impact and should not be neglected.
— Details, such as the location of sockets and technical installations, can strongly
hinder the implementation HEMS and their successful use; therefore, the choice of
HEMS and other energy saving technologies should be given careful consideration.
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« Toimplement HEMS, a certain amount of retrofitting is currently often necessary,
yet itis undesirable.

- smart/dumb
- gas/electricity

- mounted on wall
- transportable/handheld
- need for (power) outlet

- inside the house

- outside the house

- cemented enclosure

- presence wall socket
- meters in same space

type of meter
(figure 49 in
9.4.2)

location of
meter(s)

Physical and
structural

housing issues

surrounding

implementation

HEMS

Figure 8

. transmission issues;
jamming and/or
' interference of the signal

U

location of
house

external
jamming and/
or interference
of signal

location/
accessiblity of
HEMS

>

structure of

N

- manner of readout

- connection to meter(s)
- connection to -and
control over- appliances
- level of feedback

type of
HEMS

peripheral devices

and technologies

and organizational
aspects

- radio frequency
- wifi

-zigbee

-z-wave

- bluetooth

- wired

home

- cement,
wood, or brick
- thickness
walls

- size house

and/or router
- distribution of housing

technology throughout the house

- distribution of appliances
throughout the house

- solar panels and other
renewable energy sources

- help desk, HEMS related
services and ownership data
- DIY or professional fitter

- tenure of the house

- presence of a (wireless) modem

Contextual factors influencing the use and effectiveness of HEMS and their implementation in existing housing

§ 3.5.2 Forthe HEMS industry:
From the case study setup (Ch. 5 thesis) and the reflection (Ch. 9 thesis) the HEMS
industry can glean the following knowledge with regard to the implementation of
HEMS.
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«  Complexity is detrimental to the functioning of HEMS. When the complexity of a
HEMS is increased by adding functionalities, the likelihood that the whole system
fails increases exponentially. Extensive testing, piloting and iterating the design of
HEMS in close collaboration with users is essential.

— Forexample, when a HEMS needs to communicate with a heater, a gas meter
and an electricity meter, all three installations need to be suitable

+  Keep the communication with users open and appreciate those who provide either
positive or negative feedback.

38MFAi: "That [it] doesn’t work, doesn’t matter, because it is a test thing. But look, I was

going to be called back; I was going to be called back. It is just the communication. That

is just really, really, really too crazy for words.”

« Duetotheinterest of HEMS users in locally produced energy, and to the increase in
the amount of energy that is locally produced, energy production should be given
more attention in the design of HEMS.

41EME;: “In first instance I had bought it [meter to measure consumption of an

individual device] for the solar panels because I did not have a meter for them yet.”

« The HEMS and its user need to be given more consideration in the design and
choice of smart meters.
— Smart meters do not always support types or frequentness of feedback that are
desired by households.

For companies conducting pilots with HEMS:

From the case study setup (Ch. 5 thesis) and the reflection (§ 9.6.3 thesis), the
following conclusions can be drawn for companies researching HEMS.

« Be prepared for setbacks in the research setup: it is likely that case studies will take
longer than expected.
— Possible reasons are technical issues, delays in role-out, cooperation between
parties, or lack of suitable houses

« Havinga 'plan B"and a 'plan C for gathering energy consumption and HEMS usage
datais prudent.
— forexample relying on multiple meter readings (e.g. collected by a fitter, entered
into the HEMS by households, or through a questionnaire) and remote data
collection.

«  Keep technology as simple as possible.
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+ Due todrop-out and technical complications, it is tactical to include many more
households than strictly necessary.

+ Develop a communication strategy towards participants beforehand to able to

manage expectations and communicate challenges that may be encountered.
38MFAi “That [it] doesn’t work, doesn’t matter, because it is a test thing. But look, I was
going to be called back; I was going to be called back. It is just the communication. That
is just really, really, really too crazy for words.”

« Cooperations between HEMS manufacturers, energy companies and the scientific
community can aid in reduce preparation time, resolving technical issues,
and prevent reinventing the wheel. However good communication and project
management is essential.

« Tryto make clear agreements with the various parties involved in the process as
early as possible, for example with regard to the division of tasks and the sharing
and analysing of data.

- Take careful consideration of the privacy of households and who has access to the
data while remaining pragmatic. In particular, be open in the communication with
participants.

“The possibilities that energy companies have to gather information through ‘HEMS-

like” appliances disturbs me.” (first case study)

Conclusions on the design-related strategies may influence the use and
effectiveness of HEMS

Household energy consumption is a complex issue. This research found that the

role of HEMS in reducing the energy consumption of households is constrained. The
assumption that feedback is an effective strategy to reduce the energy consumption
of households in general is problematic, at least when feedback is implemented in
isolation. It should not be expected that implementing HEMS in households, without
any consideration for, amongst others, their design, their usability, the context,
accompanying interventions, and family dynamics, will achieve substantial and lasting
energy savings for households. The design-related insights and guidelines that where
inferred with the aim of improving the use and effectiveness of HEMS can be found

in the blue text boxesin § 3.1-§ 3.4. HEMS should be seen as part of a range of
energy conservation strategies, and their implementation should be given careful
consideration and extensive planning.
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Reflections

Here, three issues are addressed. The first is the choice of framework and the relevance
of the different elements within the framework. The second concerns the current shifts
in the marketing and development of HEMS, also in relation to smart grids, and the
time-bound nature of this research. The third relates to the design guidelines and
whether solutions for increasing the effectiveness of HEMS or reducing the energy of
households should be sought in the design of HEMS or in the design of energy-using
products.

Reflections on the framework: Relevance of the various elements and
relational lines within the framework

The thesis provides empirical evidence that the relational lines and elements within
the framework, visualized in Figure 1, influence the use of HEMS. With regard to the
influence of the relational lines and elements on the effectiveness of HEMS in reducing
energy consumption, the influence of the element of time was confirmed.

That the other relational lines and elements have an impact on the effectiveness

was deduced based on the use/non-use of HEMS and the challenges that were
encountered, but could not be measured or quantified in energy consumption figures
due to technical challenges during the second and third case studies. The need to
consider the relational lines and elements within the framework when studying the use
and effectiveness of HEMS has nonetheless been validated.

However, the significance of the relational lines may be dependent on circumstances,
particularly for the relational lines "HEMS <-> other products’ and '"HEMS <-> other
people’. These lines are dependent on the HEMS and the household involved and are
not always apparent or visible. An energy management device may make the relational
line "HEMS <-> other products’ more apparent and relevant than an electricity monitor,
and the design of the HEMS could be improved so that other members of households
become more involved. As this was an exploratory research, the relational lines and
elements warrant further investigation in future research.
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Theinsights in the thesis and this booklet are based on the current situation and
portray the issues that currently arise in relation to HEMS and their technology in the
Netherlands. Between 2008 and 2013, numerous parties became interested in HEMS
and the number of concepts, pilot studies, start-ups and stakeholders has exploded.
In this rapidly growing market, there are numerous new initiatives taking place, but
the technological developments are also growing exponentially. The HEMS studied

in this research were all new products that had recently entered the market; in fact,
the third HEMS was introduced only as the thesis was being finalized. Nonetheless,
the technology is rapidly developing and therefore some of the mentioned issues
could be passé within a couple of years. While there is a risk that some of the issues
mentioned in this booklet are out-dated, they do provide a large number of aspects
for both researchers and practitioners to consider, whether they are HEMS designers,
implementers orinstallers, or housing experts. The next two paragraph will discuss two
topics that are highly relevant for the further development of HEMS: smart grids and
the marketing of HEMS.

Developments surrounding smart grids

We are in a period of transition. Large changes to the electricity grid are being planned
and implemented. Investments in smart grids and related technologies are booming.
The balance of types of energy sources, such as fossil fuels and renewable energy, are
shifting, as are countries of origin. Until now, the role for HEMS has predominantly
been to save energy within the home, but this is quickly changing to include peak
shifting. Additionally, the local production of renewable energy is becoming more
important to the use of HEMS. Therefore, a shift and an expansion in the usage of
HEMS is taking place. However, it is prudent to still consider the original energy-saving
goal of HEMS and whether they make sense when taking their embedded energy into
account, particularly when additional technology such as smart meters are added to
the equation.

Marketing of HEMS

HEMS were created with the goal of helping households reduce their energy
consumption or shift their energy consumption to a different point in time. Yet as
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time progresses, and perhaps in part due to setbacks in achieving this goal, certain
HEMS companies have stopped developing HEMS that are specifically intended to save
energy. Rather, some have started to focus on giving a central information point or
insight. In some cases, the energy saving goal simply became snowed under, but the
marketing and positioning of HEMS seems to be a larger contributing factor. Although
this research did not focus on the marketing and positioning of HEMS, the close
cooperation and diverse contacts with industry seem to indicate that the marketing
and positioning is not always straightforward. Two major global players - Google and
Microsoft - discontinued this line of business while the present research was being
conducted. As customers may be wary of paying for a device that is only intended to
reduce their energy bill, different marketing strategies are being devised. However,
there seems to be a risk inherent to certain marketing strategies. What may start as
merely a marketing strategy to position a HEMS as a product to provide customers with
insight, may soon metamorphose into developing a product capable of only doing that.
While marketing a product need not focus on its energy saving intent (and there may be
good reasons not to focus on it), developing a product to save energy requires focusing
on that goal throughout the development, including further development throughout
the use phase of the product.

There is a real danger that the erosion of this goal will result in a situation whereby

we have merely added yet another piece of technology to our already tech-filled
homes. This could lead to an increase in total energy consumption rather than energy
reductions (Ch. 8 thesis). This leaves us with an unsettling question: in the long run,
will HEMS actually contribute to an overall decrease in energy consumption on a global
scale?

The thesis and this booklet have been geared towards improving the use and
effectiveness of HEMS. As such, the insights and guidelines are aimed at the design
of HEMS. However only so much can be achieved in the design of HEMS, and in
certain cases a more straightforward and less cumbersome solution is at hand in, for
example, the design of appliances and technical installations. This is especially the
case concerning the baseline consumption of households and the reduction thereof.
Feedback can make households aware of this consumption, butitis up to the user
to act on this, which regularly does not happen. An energy management device can
potentially assist in automatically powering appliances off when notin use, but a
more straightforward and transparent solution lies with the appliance or technical
installation itself.
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Examples of guidelines that can be formulated concerning energy-using products are:

« Designers should strive to decrease the consumption of energy-using products and,
in particular, their standby consumption as far a possible,

« Designers should enable the complete powering off of appliances, prevent
malfunction, and reduce the need to adjust or reset (time) settings when appliances
are turned on again.

— Malfunction, for example, may occur with digital set-top boxes after a long
holiday. While batteries may be an easily considered option to be able to switch
off appliances with clocks, it should also be considered whether a (function)
clock is necessary for the functioning of appliances, such as ovens.

« Energy-efficient power setting of energy-using products should be simplified and
easily accessible or made the norm.
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Recommendations

This has largely been an exploratory research on HEMS and therefore
recommendations for the future are in place. This booklet therefore concludes by
making recommendations for the various disciplines involved in this research, namely
housing, the HEMS industry and researchers.

This booklet has highlighted the importance of understanding and collaborating with
inhabitants in order to gain insight into the energy consumption of households, factors
influencing that consumption and ways of attaining energy reductions. However,
during the workshop and in communications with the buildings industry, it surfaced
that there still seems to be a tendency to design around the user, or remove the user
from the equation. Additionally, expectations were voiced that technique will solve the
energy reduction challenge. However, the challenges documented in the thesis seem to
indicate that this is too optimistic. As Midden (2006) also states:

“These constraints caused by users have made engineers long for full automation,
assuming that by excluding the user from the operational process, the efficiency, for
example of a washing machine, can be optimized. One might wonder if such a setup
would really lead to energy reductions.” (Midden, 2006)

Attention to inhabitants, their behaviours, and their use of their homes and technical
installations needs to become more ingrained in the field of housing and the building
industry. While a user-centred design approach and usability testing is relatively
common in the field of industrial design engineering, post-occupancy evaluation is not
the norm in the housing industry and instead is mainly practiced on the margins. The
application of user-centred design approaches and post-occupancy evaluations and
the knowledge that is gleaned through this process need to be disseminated within this
industry to achieve more effective designs and greater energy reduction.
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Longitudinal qualitative and quantitative research is of essence to make a correct
assessment of the effectiveness of HEMS. Consideration needs to be given to the
aspects within the framework of this research (Figure 1) to make a correct assessment
of the benefits and effectiveness of HEMS. Lastly, in the study of HEMS, cooperation
between industry and the scientific community has decisive benefits. However,
considerations need to be given to the potential pitfalls that were addressed in chapter
5and 9 of the thesisand & 3.5.3, and the necessary precautions need to be taken.

The extensive contacts with HEMS users during this research resulted in insights

into improving the design and potentially the effectiveness of HEMS, but it also drew
attention to the need to take a user-centred approach and collaborate with users in
the design of HEMS. The gap between current HEMS and users’ needs and desired
utilization of HEMS needs to be bridged, for which collaboration with users is an
essential strategy. The avenues for increasing the effectiveness of HEMS suggested in
this booklet need to be explored. It is important to test, pilot and iterate the design of
HEMS even more extensively in a natural and realistic setting, to prevent malfunction
in the field. However, it is also important to find a balance between the interests that
are at stake.

Furthermore, a number of challenges need to be overcome in order to increase the
use and effectiveness in homes. The technical look and feel that is common to HEMS
needs to be adjusted to make HEMS appealing to more households. Even more so,
the technical challenges that are common to HEMS need to be overcome. Complexity
is detrimental to the functioning of HEMS. When dealing with existing housing and
multiple types of energy and linked appliances or technical installations, the chances
that one element in the system does not function properly increase exponentially,
thereby jeopardizing the whole system. Because of the likelihood of encountering
challenges during the implementation of HEMS, keeping the communication lines
with users open and also appreciating those users who complain are essential to
improving the design of HEMS. (Smart) meters are a crux, and in designing them
more consideration should be given to the needs of households in relation to energy
management, especially with the emergence of local renewable energy sources.
Interest in self-sufficiency or the local production of energy and HEMS, seems to be a
natural combination to which HEMS should be better suited.
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