











In this study we are using semi-functional technology probes: the
displays exhibited realistic data and behaviour but this behaviour
was scripted and unconnected to the existing energy infrastructure
in the participants household. This was necessary because data
feeds provided by the energy company were unreliable and
incomplete and because some probes visualised data that assumed
not yet existing technology (notably energy storage). In order to
minimise discrepancies between energy displays and real world
we created realistic simulated data by using historic data from an
existing yet unrelated home and by harvesting live data feeds
(weather and PV energy production) from other local sources.

4.4 Participants

For the technology probe study we selected six participating
households to take part. Four households were also participating
in the wider trial, and two households were selected through
informal contacts, such as friends and neighbours of the
researchers. Four of the six households had solar panels fitted —
within the last 6 to 24 months - and two households were actively
contemplating doing so and had done much background research
into the issues. The six households were all middle to upper-
middle class households, with different family structures: some
without children, some with teenage children or children who had
left home. In total a group of twenty participants were involved,
spread out over six households.

Table 2 — Participating households.

Household set-up Solar power

HHI1 | Two parents with 3

children aged 13 to 17

3.7 kWh peak for 18 months,
20% reduction in bill

HH2 | Two parents and one 14

year old child

2.7 kWh peak, for 24 months,
27% reduction in bill

HH3 | Two parents and two

children aged 17 to 19

Considering installation

HH4 | Husband (scientist) and
wife with occasional

visiting grandchildren

1.9 kWh peak for 6 months

HHS | Two adult females Install pending
HH6 | Husband and Wife | 3.3 kWh peak for 9 months
(scientist)

5. Focus Groups

The focus group delivered a wide range of insights about peoples’
energy practices, attitudes and experiences with various energy
technologies, some of which was directly related to
microgeneration. In particular we were able to identify practices
that resemble what [5] described as demand shifting. People
reported that they base their decision about if they can switch on
their appliances by looking out of the window to see if the sun is
shining. Participants in the focus groups reflect on when they use
their appliances:

“We now switch on (appliances) when the sun is out — so that’s
happened with the introduction of solar panels...”

While this is showing that participants are changing their
behaviour, there is also uncertainty about what they can or can’t
do, due to a lack of information:
“the sun was out, so the washing machine was on. It would be
nice if I could do the ironing — but I don’t know how much ...”
“My wife now asks: Can I put the washing machine on? She’s
starting to think how she could use it separately — not all at the
same time, because she know there’s not enough coming in...”
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While looking out of the window can give an approximation of
amounts of energy being generated — it is not straightforward for
consumers to work out exactly how much “spare” energy they
have to play with. To do this properly they would need to know:
(i) the precise power consumption pattern of the appliance in kW
over time and (ii) the actual current net exported power from the
microgeneration installation (and ideally how long it will be
maintained,).

Few participants knew what the wattages of their appliances were,
let alone the pattern of consumption. For example, a typical coffee
maker might be rated at 2.7 kW but only draws this for the first
minute of operation and subsequently draws very little power,
which is not obvious.

None of the participants really understood how actual energy
production is influenced by the peak capacity of their installation
and environmental aspects. Even knowing the peak generation
capacity is fraught with problems: the peak capacity of a PV
installation only applies under cloudless conditions, around noon
for an installation under perfect conditions: south facing roof, 30
degree roof pitch, no shading. As we discovered few installations
satisfy all five of these condition. Figure 3 shows one of the
participant’s homes with a less than ideal PV installation due to
partial shading by trees, orientation and roof pitch.

Figure 3: PV panels (2.7 kWh peak) on Participant's roof
facing south-east, shaded by trees, at 42 degree pitch

6. Results of the Technology Probe Study

Our analysis of the interviews with six households involved in the
technology probe study showed a general high level of
engagement with the probes and lively family discussions during
the week-long installation. Some individuals had clear favourite
displays that they would return to often to look at, pointing it out
to other members of the family, while other displays had puzzled
them. Most participants had rather enjoyed the idea and look of
the shiny iPads in the house although they were also worried that
the iPads themselves were consuming energy (in fact this is
negligible). In most households there had also been clearly one or
more individuals who had interacted with the displays more than
the others - comparable to people taking the roles of home
technology drivers versus passive users in Mennicken’s study on
people living in smart homes [3]. Furthermore, visitors such as the
children’s friends or grandchildren took a keen interest in the
displays and were eager to report their opinions to the researchers.
Some people were not sure how long the interest would be kept up
for such displays mentioning — “after four days we didn’t notice it
any more”, or “the girls didn’t even look up to ask what they
were, they’re so used to all this technology...” But this would be
argued against by others saying “I loved walking through the
room, and then the display would change, and it would just catch
my eye, [’d see it just out of the corner of my eye...”

People were eager to discuss their habits, and discussions went
well outside the precise discussion of the displays themselves, and
reflected on their own awareness of electricity consumption as



well as production. Below we present our findings in terms of a
set of themes related to energy production in the home: (i) level of
abstraction (ii) locality (iii) information detail.

6.1 Abstractions and Representations

Some of the displays we used were hinting at future technologies
such as energy storage, which are not implemented in any
participants’ homes yet. In particular we had put forward the idea
of a battery (Figure 2b/c) — representing the total available energy
for the whole house, or representing the ‘number of washes’
available for the washing machine. The battery abstraction caused
the most controversy amongst participants, with them almost
holding opposing views from each other.

In HH1, participants were concerned about this display, as it
appeared completely wrong to them. When we explained it was
meant to be imagined as a future technology, the reaction was:

“It’s interesting, because I didn’t realize that that was now a
possibility. We were very early on adopting the solar panels.
But one of the first things I asked the guys when they installed
it, was where the power was going to be stored. He seemed very
surprised about my question. So it’s good if you think that that
is moving forward...”
The participants appeared to be struggling with imagining future
scenarios with novel features. In contrast, the participants in HH2
were quite happy to imagine the scenario — also knowing that they
may have an opportunity to have the technology installed in a few
months as part of the wider trial. One member of HH2 particularly
liked the battery icon, ‘because of its simplicity’.
On the other hand, for the participants in HH4 it was an almost
useless notion:

“We didn’t quite fathom this one ...”
and in notes written for day 2:

“Discussed washing machine display with wife, but can'’t
convince her that a real ‘battery’ storage would be of any use
to us. Failed, probably because I'm not convinced myself. In
future, could the display be used so that if enough solar energy
had been accumulated in the battery it would automatically
start the washing machine? ”

So although the participants in HH4 had grasped that the idea was
to think of a future possibility they could not see its usefulness —
unless it was tied to automatically starting the washing machine,
whereas without this possibility:

“At the moment, an empty battery would show me that we’d
have to wait to run the dishwasher till the battery is recharged.
Well, there is no benefit for us having to do that. Whether in the
Sfuture there’ll be benefit to that I don’t know....”

This view — of there not being any benefit in ‘having to wait’ -
was not echoed among other participants, most of whom
considered this to be a very plausible and appropriate behaviour.
In HH6 participants were keen to explain how they do their
planning — partly referring to the weather forecast displays, but
also partly explaining how they do so at the moment anyway. This
was the only household with a special generation meter that was
displaying currently generated power, on a handy display in the
kitchen:

“I might think, OK, I'll wait till it goes up to 2kWatts, before 1
put the washing machine on, because I know the washing
machine uses about 2.5 KW at its peak consumption... So if it
looks like a sunny day, and I think it will get up higher, I will
wait till lunch time, because that’s when it might be at that
point. If it looks sunny in the morning, and it looks like it will
get foul in the afternoon, I might put it on in the morning,
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knowing that although it won’t cover the peak consumption
period, 1 get more out of it. So trying to work out what the
weather is doing at the moment, what’s going to happen later in
the day, later in the week, how much you're getting and what
the best time is to put it on...”

And then continuing to reflect on what the battery display might
add to this process, she reflects on the additional pieces of
information she needs to make a balanced decision:

“Part of the problem is, you don’t now how much is being used
by other things. We got these smart plugs — but it’s too much of
a hassle to go upstairs to the computer, and go to the website,
and work out what everything is consuming... and then adding
it all up, and subtracting it from what you are generating, and
by the time you've done that — the sun will have gone in
anyway.... So you need something instantaneously...so If we
have the battery — that would be ideal. I could see, OK I have
enough so that I can do about two washes... that would be
great”.

Although this participant was also someone who considered
herself to be someone who was very at home with figures (being a
scientist), and would always want to see concrete numerical
representations — she did not voluntary criticize the lack of
numbers on this particular display. Whereas this was a complaint
form a number of participants:
“The battery one for the house as a whole is lacking some kind
of unit — you don’t know what full means, or two/third..
Whereas the battery with the washing machine works better —
because I can imagine that it refers to a certain amount of wash
loads.” [husband HH2]
In common with others, this participant couldn’t imagine what a
half-full battery might correspond to.

Interestingly, the participants from HHS could also see an
additional side of the potential of this metaphor:

“just like battery on phone, I get used to it.”

6.2 Locality

All the participants had placed the ‘whole house’ displays on the
wall or on the table nearby to where they shared meals. All
households were happy about this location — feeling that this was
the best place to see it, discuss regularly and where it would catch
their eye in a natural way:
“Having it next to the table is definitely the best place. That’s
where we are spending most of our time together, and talk
about things. Probably on the wall, rather than directly on the
table ...

Having it on this table is good — we always put our cups of tea
and coffee here, so you look at it the whole time, and then yes,
we’d talk about it.”

The location chosen for display for the washing machine turned
out to be more varied. Most participants had either placed the
display directly on top of the washing machine or as close to it as
possible, but in one household the washing machine is hidden in
the garage. They felt that to have better use of the display they
should put it in a location where it could be seen, hence they put it
upstairs, next to the laundry basket, where dirty laundry gets
collected. This variety in locations brought out interesting points
of discussion — where some participants felt it was a good idea to
have the source of energy displayed immediately near the washing
machine, imagining how at some point such a display would be an
integral of the washing machines:

“I think the washing machine can also be displayed on the one
in the living room [showing whole house



generation/consumption]. By the time you’ve walked to the
kitchen to look at the washing machine, you've made the
decision. So having it in a central place, gives you a better idea
on planning when to use it.”

For HH6, the issue of having several displays and where they
should be had been bothering them much — and was the very first
thing they mentioned on being interviewed:

“It was too much to have two things! Too much of a faff. I
would always look at the kitchen display [showing whole house
generation/consumption], which had certain amount of
information — and then 1'd look at the washing machine display
[in the utility room], which had other information... and then
1'd decide whether to do a load, and then I'd do it. So there was
no point, from my point of view, of having two things - I would
have preferred to have it all in one place. All the information
there. The only thing I can imagine being useful next to the
washing machine would be the switch — to say it is going to be
on generated or on the grid. But ideally I'd have one display... "

So it would seem that location and energy use are concepts that
are intertwined in interesting ways. The energy can be associated
with (i) the particular device — i.e. at the location of the washing
machine; (ii) it can be associated with where the planning, and
thinking about various jobs in the house takes place, such as the
central dining room table or some other central place, or (iii) it
can be in the place where the objects associated with the appliance
reside — i.e. here the dirty clothes. The dirty clothes can be some
way away from the washing machine, or the planning place.

There is currently a lot of interest in designing new interfaces for
appliances. Although numerous people have reported on how
appliances may require novel displays to take account of different
usages, and to influence through different default setting [1] most
of our participants felt that centrally visible information was more
important than presenting information near the relevant appliance.

6.3 The right kind of information

The displays aimed to create an awareness of generated energy:
how much there was, how much there was in comparison with
how much was being consumed, and how much useful work (e.g.
washing machine loads) could be done with the excess generated
energy. In the conversations we tried to get a grip on how well
people felt the displays served their needs in terms of information:
was this the sort of information they wanted?

Regarding the display that showed 24-hour consumption and
production combined graph (Figure 2b) participants in HH1 felt
that

“Yes, it would be useful to have that information. Yes, at the
moment I do have that information, but I need to go to the
garage to see it. But it would be useful to have it in the kitchen
to see it clearly. That would be useful.”

The participant is actually referring to the simple LCD reading on
their DC to AC grid-tied inverter which converts DC power from
the solar panels to AC power for the home (usually installed in a
loft or garage as it is not intended for consumer interaction). It has
the ability to display how much energy has been generated in total
for that day as well as the current generation level but it cannot
display the energy being consumed or exported, so this participant
had a misunderstanding about the data available to her.

However, later she reflects on what the precise benefit is of
having this information displayed, and whether they would be
more informed:

“if you look at that picture, it does map closely to the picture
you have in your mind. You know, that in a lot of big
households most of your consumption will be during the
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evening and into the dark hours. And you know roughly when
your energy is being generated. So I don’t think that having a
picture can change that — you have that picture anyway. And 1
think if I asked the girls — if you asked them — draw me a
picture, of when you think we are using, and when we are
consuming, I think you would get this picture. It would be quite
accurate. But it is good to have this picture.”

Here the participants are reflecting on the models they have —
themselves — of their own energy behaviour. However, what is
interesting is that we know that much of that information is not
actually available to them, as the precise levels of energy
generated are determined by the precise roof and cloud coverage
that day.

One of the displays (Figure 2a) showed the currently generated
amount of solar power:

“That display an instant, or relatively quick, we think .., display
of the amount of sunshine, which is interesting in its own right,
but it doesn’t add anything beyond looking out of the window!”

Clearly this participant felt that he had sufficient information to be
able to make informed decisions — and that using common sense
was sufficient. Looking out of the window, seeing the sun shining,
should be enough information about the amount of generated
information. However, as we outlined earlier, this is only a rough
indication of the amount of energy potentially being exported or
spare. In the focus groups for the wider trial, people discussed a
need for more precisely knowing what they can do with the
generated energy. If [ have the washing machine on, can I also do
the ironing when the sun is out? So people’s perception of the
levels of information that they require in order to adjust their
behaviour to maximize their energy balancing behaviour is
different from household to household.

7. Discussion

The interviews revealed a number of insights that are important
for the design of information technologies related to
microgeneration.

Microgeneration does change energy consumption behaviour.
There is clear evidence that the mere presence of microgeneration
in a home make people question their energy consumption
behaviour and in many case makes them adjust their behaviour.
Some engage on concerted efforts to shift demand to times of
peak generation while others alter their habits in a less directed
ways. Thus the impact of microgeneration lies not just in the
energy that is generated but in the ability to use microgeneration
to motivate people and to change their view of themselves from
being a passive (even informed) consumer of energy to an active
participant. Conclusion: Digital technology should focus on
creating opportunities for people to adjust their behaviours rather
than simply informing them about the state of energy production
in the home. Furthermore digital technology should be designed to
support people’s changing perception of themselves as active
participants and energy custodians rather than supporting a self-
image of smart and informed consumer.

People believe they know, but they don’t. Although this was a
highly motivated group of individuals who had taken the time to
try to wunderstand their consumption, there were many
misconceptions about how generation is influenced by external
factors and how to reduce energy consumption. For example,
most people felt familiar enough with the graph display which
shows periodic spikes. Most people wanted to see more details
and be able to work out exactly when the spikes occur. However,
the narrow spikes are almost meaningless for getting a sense of
the amount of energy generated. More importantly, however is



that some people believed they had a good understanding of how
to estimate current generation when in reality they didn’t. Looking
out of the window is a very unreliable means of determining
energy production as seasonal variations (height of the sun above
the horizon, shading from leafy/leafless trees) can have a
tremendous influence. Conclusion: Digital technology should be
designed to help people form an appropriate coherent model of
microgeneration, not just inform about individual aspects such as
current generation. One way of doing this is by using metaphors
that help people understand their role with respect to
microgeneration, in the same way metaphors have enabled
laypeople to make effective use of computers.

There is a wide variation of how and why people engage with
microgeneration. Within this group of highly motivated people
there was still a wide variation as to how far they were prepared to
go in terms of making adjustment to lifestyles to meet the energy
balance. For some people the fact that delaying one action only
saves 30 p (by using excess PV energy) is not worth it — for others
there are other motivations beside the monetary value, that make
them go the extra mile. As with Pierce and Paulos [6] we found a
wide range of motivations for engaging with energy. There are
those who are keen to think of all of the minute ways in which
they can adjust their behaviour — like cooking during the day,
when the sun is out, rather than wait till the evening, or buying an
electric lawnmower instead of petrol — versus someone else who
says “but that battery won’t mean anything for me, because there
is no advantage!” (HH4). Conclusion: There seems to be the
potential to design specialised solutions for specific subgroups of
users of microgeneration. However, while we have some rough
understanding of possible subgroups (for example detail-oriented
vs whole issue oriented) we have no understanding of the specific
technology requirements of these subgroups. Rather than looking
for a single generic design approach it might be better to focus on
each subgroup separately.

8. Conclusion

Microgeneration can be an effective way for people to do their
part in living a more sustainable life. Yet microgeneration is a
complex technical system that is not easily understood by users.
Clearly more work is required to investigate the behavioural
aspects of living with microgeneration. As Keirstead puts it “there
is a danger that if behavioural responses to microgeneration
technologies are not considered now, when consumer
technologies and protocols are still being developed, then the
industry could find that households become locked into
behaviours that may be undesirable in the longer term” [2]. Our
study highlights important aspects for the design of digital
technologies to help people make sense of and live with
microgeneration.

9. Acknowledgements

We gratefully acknowledge the support of E.ON New Build and
Technology Ltd for access to the Thinking Energy study
infrastructure and participants.

10. References

[1] J. Pierce and E. Paulos, “Beyond energy monitors:
interaction, energy, and emerging energy systems,” in Proc.
ACM SIGCHI 2012, 2012, pp. 665-674.

J. Keirstead, “Behavioural responses to photovoltaic systems
in the UK domestic sector,” Energy Policy, vol. 35, no. 8, pp.
4128-4141, Aug. 2007.

(2]

80

[3] S. Mennicken and E. Huang, “Hacking the natural habitat:
an in-the-wild study of smart homes, their development, and
the people who live in them,” Pervasive Computing, pp. 143—
160, 2012.

E. Paulos and J. Pierce, “Citizen Energy: Towards Populist

Interactive Micro-Energy Production,” in 44th Hawaii

International Conference on System Sciences, 2011, pp. 1-

10.

J. Pierce and E. Paulos, “The local energy indicator,” in

Proceeding DIS 12 Proceedings of the Designing

Interactive Systems Conference, 2012, pp. 631-634.

J. Pierce and E. Paulos, “A phenomenology of human-

electricity relations,” in Proceedings of the 2011 annual

conference on Human factors in computing systems, 2011,

pp. 2405-2408.

Feed-In Tariffs, “FI Tariffs,” Feed-in Tariffs, 2012. [Online].

Available: http://www fitariffs.co.uk/statistics/. [Accessed:

19-Sep-2012].

DECC, “Feed-in Tariff statistics - Department of Energy and

Climate Change,” 2012. [Online]. Available:

http://www.decc.gov.uk/en/content/cms/statistics/energy _stat

s/source/fits. [Accessed: 25-Sep-2012].

S. Caird, R. Roy, and H. Herring, “Improving the energy

performance of UK households: Results from surveys of

consumer adoption and use of low- and zero-carbon

technologies,” Energy Efficiency, vol. 1, no. 2, pp. 149-166,

Jun. 2008.

[10] N. Bergman and N. Eyre, “What role for microgeneration in
a shift to a low carbon domestic energy sector in the UK?,”
Energy Efficiency, vol. 4, no. 3, pp. 335-353, Jan. 2011.

[11] A. Woodruff, J. Hasbrouck, and S. Augustin, “A bright
green perspective on sustainable choices,” in Proc. ACM
SIGCHI 2008, New York, NY, USA, 2008, pp. 313-322.

[12] J. Collins, A Micro-Generation Manifesto. London: Green
Alliance, 2004.

[13] Element Energy, TNS, K. Willis, R. Scarpa, and A. Munro,
“Element Energy—The growth potential for Microgeneration
in England, Wales and Scotland,” Element Energy Ltd,
Cambridge, 2008.

[14] J. Dobbyn and G. Thomas, “Seeing the light: the impact of
micro-generation on the way we use energy,” The Hub
Research Consultants, London, UK, 2005.

[15] S. Darby, “The effectiveness of feedback on energy
consumption,” Environmental Change Institute, University of
Oxford, Oxford, UK, Apr. 2006.

[16] N. Eyre, “Micro-CHP, energy services and smart metering—
technological innovation and systemic change,” in Micro
energy systems : review of technology, issues of scale and
integration, M. Knowles, 1. Burdon, and R. Beith, Eds. Bury
St Edmunds: Professional Engineering Pub., 2004.

[17] S. Caird, R. Roy, and S. Potter, “Domestic heat pumps in the
UK: user behaviour, satisfaction and performance,” Energy
Efficiency, vol. 5, no. 3, pp. 283-301, Feb. 2012.

[18] F. Hill, H. Lynch, and G. Levermore, “Consumer impacts on
dividends from solar water heating,” Energy Efficiency, vol.
4, no. 1, pp. 1-8, Jun. 2010.

[19] H. Hutchinson, W. Mackay, B. Westerlund, B. B. Bederson,
A. Druin, C. Plaisant, M. Beaudouin-Lafon, S. Conversy, H.
Evans, H. Hansen, and others, “Technology probes: inspiring
design for and with families,” in Proc. of ACM SIGCHI
2003, 2003, pp. 17-24.

[4]

[5]

[6]

[7]

(8]

(9]





