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Energy communities are a key focus for governments around the world in support of more sustainable
energy practices. However, interactive systems for supporting energy communities to coordinate around
renewable energy resources are still lacking. We present SolarClub, a demand-shifting visualization system
that supported households in coordinating their energy usage by booking energy-hungry activities when solar
energy was available. We deployed SolarClub with four groups of neighbors (N=15) for a month. SolarClub
successfully enabled neighbors to coordinate, even when some of those participating households were less
flexible. While participants reported that SolarClub did not foster a feeling of community, it helped them
empathize with their neighbors. Our findings demonstrate the potential of sensor- and visualization-based
technology to help understand the relation between everyday practices and resources consumption, beyond
individual eco-feedback. This work thus contributes to the development of a next generation of practices and
technologies that support collective action for environmental sustainability.

CCS Concepts: • Human-centered computing→ Empirical studies in HCI; Field studies; Empirical
studies in ubiquitous and mobile computing.

Additional Key Words and Phrases: energy communities, coordination, data visualization, demand-shifting,
sensors
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1 INTRODUCTION
Within the current climate emergency, energy communities have emerged as a key element of
many strategies for achieving transition to clean energy sources [8, 36]. These communities harness
and store renewable energy, like solar or wind power, and seek ways to support local use of the
power generated to help tackle challenges like decarbonization, grid management, and energy
affordability. Energy communities take diverse forms, from neighbors sharing solar panels, to
groups collectively switching energy suppliers, and are defined by collective forms of action and
self-understanding that incorporate energy. Various governments, including the UK, are now also
creating regulatory frameworks and initiating pilot projects to facilitate the growth of energy
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communities [19]. Despite the potential and growing popularity of such communities, research
on energy collaboration remains relatively limited within the field of HCI, especially regarding
collective demand-shifting. Demand-shifting refers to the practice of adjusting energy consumption
patterns, so as to align with the availability of renewable energy resources. For instance, it might
involve modifying the timing of energy-intensive activities, such as using household appliances or
charging electric vehicles, to coincide with periods when renewable energy, like from solar or wind
sources, is available. In the context of energy communities, demand-shifting requires additional
coordination across households so as to ensure that the total communal consumption still remains
within the available renewable energy.

For HCI this coordination offers a number of interesting challenges for supporting the technical
as well as the social expectations of these groups. For instance, the interfaces and applications
such communities may need to coordinate might vary depending on the diversity of renewable
sources and storage solutions, the community’s size and social fabric as well as their energy and
technical literacy. Preliminary, exploratory work on community demand-shifting has suggested
that coordination can introduce complexities such as accountability, privacy, fairness, social har-
mony [39], as well as the necessity for cooperation [26, 27]. Nevertheless, such prior work has
mostly examined coordination theoretically, outside the context of actual neighborhoods [27, 39]
and has used off-the-shelf technologies rather than develop them in a user-centered way [26]. Since
in-the-wild evaluation can help produce more ecologically valid insights on the use of domestic
technology [52, 53], we build on existing research to design SolarClub, an energy community
coordination system, and then evaluate it in-the-wild with real households.

Inspired by existing community energy pilots [35], we specifically designed for the situation in
which a group of neighbors (which we refer to as a ‘club’) share the energy generated by a solar panel
that is collectively owned. Following a user-centered process we propose SolarClub, an interactive
tool through which households can indicate their intention to run high-consumption appliances.
SolarClub serves both as an eco-feedback system to examine live group energy consumption, as
well as a coordination tool for future energy use. We deployed SolarClub in-the-wild with four
groups of neighboring households in the UK and investigated its reception. The solar generation
from the shared panels was simulated using real live data.
Through a combination of interviews and interaction log data, our findings indicate that the

design of SolarClub successfully enabled neighbors to demand-shift and coordinate their electricity
consumption, even when some participating households were less flexible themselves. Nonetheless,
despite feeling able to coordinate, participants expected a stronger feeling of community, which
SolarClub did not offer. Finally, unlike previous studies, not conducted in-the-wild, we found that
participants asked for less rather than more privacy within their clubs and saw how SolarClub
encouraged a feeling of empathy to neighbors even if they didn’t actively engage in-person through-
out the deployment. We unpack these findings in the context of prior work, and present a series
of considerations for designing demand-shifting systems among energy communities. This study
makes a novel empirical contribution to demonstrate how HCI can support energy communities,
while also broadening our understanding of the forms energy communities can take. These findings
thus can support governments and other stakeholders work towards a renewable energy transition.

2 RELATEDWORK
This work relates to energy communities, and specifically to how eco-feedback can inform col-
lective demand-shifting. We thus first discuss research prototypes that are meant to support
demand-shifting and then survey emerging work in HCI which examines eco-feeback for energy
communities and similar collectives.
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2.1 Supporting Energy Demand-shifting
The turn to renewable sources of energy also requires a shift from ‘demand-based’ energy con-
sumption patterns, in which energy is available at any moment, to ‘supply-based’ patterns, in
which availability is conditional on renewable sources such as wind or solar [9]. While fluctu-
ations in supply can be smoothed out with the use of smart grids and battery storage [9, 48],
such solutions nevertheless can be costly and even environmentally unsustainable [62]. Load or
demand-shifting [12], i.e. the alignment of energy consumption to the generation of a renewable
energy resource, is therefore potentially a more affordable, efficient and sustainable solution to the
unpredictability of renewable sources. Demand-shifting usually entails shifting flexible, energy-
intensive household activities, like laundry and EV-charging, to times when renewable power
is available [45]. Which activities are considered ‘flexible’, however, varies significantly across
households, and is influenced by lifestyle, values, and home specifics [30].
HCI research has long emphasized that energy is an abstract concept that can be difficult to

understand [43] making tasks like demand-shifting challenging. To address this, researchers have
developed different visualizations to represent energy data as part of eco-feedback systems [17].
These range from statistical representations to more ambient artistic physicalizations (see [6] for
an overview). Jensen et al.[24], for instance, developed ‘the Box’, which signaled the presence of
renewable energy prior to participants starting their laundry: effectively motivating families to
conduct their laundry during periods of renewable availability. Bourgeois et al. [4] deployed a
similar intervention for shifting laundry loads and found that engaging users with energy issues
right in front of the washing machine, seems to align best with the activities that people use every
day to organize their life. Collaborating with a remote island community in the UK, Simm et al. [57]
created real-time visualizations to help synchronize individual households’ energy consumption
with a renewable energy supply. Costanza et al. [10] deployed an agent-based booking system that
took into account the weather forecast to create dynamic pricing of the different laundry slots
during the day. Rasmussen et al. proposed ClockCast [50], a clock-like device, that indicated optimal
times for electricity usage (rather than avoidance) so as to support more sustainable behaviors.
Using a traffic light system consisting of green, yellow, and red indicators to forecast green energy
availability and grid status, Kluckner et al. [32] identified specific color ‘zones’ within which
energy shifting tended to occur. Quintal et al. [47] physicalised information on renewable sources
in Watt-I-see, summarizing the current state of the renewable energy in the grid within a glowing
powersocket. Similarly to Watt-I-see, Morais et al. [38] proposed Lumiphys, a physicalisation on
how energy is produced (e.g., solar, hydroelectric, wind) as ambient environmental displays to
support more informed decisions.
The impact of deploying eco-feedback systems for supporting demand-shifting however goes

beyond just changing energy habits, as people tend to also change their social practices around
such interfaces. Previous work has shown for instance, how people started repeatedly consulting
their energy status, or force-spending energy when there was an apparent excess [44]. As the next
section discusses, these social practices are especially impactful in collective settings.

2.2 Eco-feedback for Collectives
Despite their popularity, eco-feedback systems have also been critiqued for their tendency to focus
on individuals rather than collectives [60]. Accordingly, from public displays to personal apps, there
is an emerging body of work aiming to facilitate collective discussion and reflection around energy.
In some of this work the eco-feedback itself was public but action in response to eco-feedback
remained up to individuals whereas in others, like in our case, the eco-feedback was meant to elicit
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coordinated action. We summarize these related studies here, focusing on considerations that have
informed our design.

Community-level feedback through ambient and public displays has been used to help households
compare and then lower their individual energy consumption patterns. In the neighborhood project
Tidy Street [55] for instance, energy consumption of different households was drawn with chalk on
the public streets, thus encouraging people to reflect on each other’s consumption. Similarly, Vande
Moere et al. [37] presented a household’s energy consumption hand-drawn on their house façade
prompting discussions in the wider community. Such normative comparisons among households
have been shown to support more long-term change in energy consumption patterns [13].
Nevertheless, interfaces that encourage competitive comparison among households are also

perceived as outside the spirit and values of energy communities [26, 27, 39]. The Lumen ambient
display for instance aimed to support an energy community in shifting domestic energy-consuming
practices to align with times of high availability of sustainable energy. They found that community
dynamics played an active role in the adoption and appreciation of the system and that the system
nevertheless provoked unwarranted competition [20]. The Community Energy Planner [26], an
off-the-shelf eco-feedback app which helped a group of households collaborate and collectively
shift around renewable energy similarly identified issues of competition because of viewing other’s
energy patterns even when that was outside in the designers’ intentions.
Whether digital or in-person, communication seems to be key in collective energy systems.

Wilkins et al. [61] surveyed household reactions to peer-to-peer energy trading, i.e. micro-grid
collectives that trade energy among themselves, to derive design considerations for digital platforms
that can support it. Crucially they found that such platforms should provide infrastructure to allow
for interaction among groups. Moreover, they documented how peer-to-peer energy trading has
ecological, economical as well as social benefits for communities. Scuri et al. [56] developed and
tested PowerShare, a decentralized, peer-to-peer energy trading platform within a community
of households, noting the crucial importance of trust in the mediating technology in enabling
successful trading. Interestingly, they also highlighted the importance of personal relations, noting
how pre-existing relationships among neighbors allowed them to cultivate trust. Learning from
this work, we added various communication modalities to SolarClub such as notes on bookings
and messaging as will be described in Section 3.2.

Specifically as it relates to collective demand-shifting, previous work used ‘energy blocks’ [39],
physicalizations of the energy consumption of participant’s activities, to uncover how people would
coordinate using a shared solar panel. Participants were asked to place these energy blocks on a
printed solar curve according to their schedules so that “they could easily compare when their
collective consumption was going over the generation (out of the curve)”[39]. They found that
participants expected different modes of energy coordination ranging from immediate, short- and
long-term and uncovered issues of accountability and automation as core themes for system design
for energy communities [39]. As the coordination activity made household consumption patterns
visible by providing each participant with differently colored blocks, issues of privacy also entered
the discussion. Participants suggested that a careful balance was necessary to sustain the already
fragile relations among neighbors. Other similar work also found a need for real-time data to help
individual households “adapt their activities to the needs of the community" as well as for flexible
ways of indicating the use of various energy intensive devices among community members [42]. A
limitation of such existing work on collective demand-shifting has been its speculative nature. Few
studies to date have deployed technologies in real households to understand the actual behaviors
and social relations arising from their use.
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Fig. 1. The SolarClub coordination overview page. In dark gray is the total electricity consumed by the club
collectively. In orange is the simulated actual solar generation (in the past) and the forecasted solar generation
(in the future). This allows a quick comparison of whether the club has overshot the generation of their panels.
Three bookings are also depicted: a ‘flexible’ one with a note (on Tuesday 29th), a ‘somewhat flexible’ one (on
Wednesday at 4pm) and a ‘non-flexible’ one on Wednesday morning. The individual PV savings and collective
gCO2 emissions saved are depicted at the bottom of each day (in green).

Fig. 2. The daily view page of the coordination interface (left) as well as its booking view (right). The daily
view offered some summary statistics for the club as well as the household bonus incentive. In the booking
interface, once an activity was selected, the values for the duration and kWh were populated based on the
household’s previous annotations (see Figure 3).

3 SOLARCLUB
3.1 Design Rationale
Based on the insights from the Related Work, we designed and developed SolarClub: an interactive
tool to support energy communities in demand-shifting and coordination. Previous work exploring
collective energy consumption has considered real-time feeds of energy generation [14, 20, 25]. For
instance, Lumen [20] indicated whether electricity currently being used by any of the participating

5



CHI ’24, May 11–16, 2024, Honolulu, HI, USA Panagiotidou et al.

households was considered sustainable and the Ener-geyser [14] visualized peak times of high
demand for energy as a community fountain. However, households in these studies were only
given a momentary snapshot of solar-energy availability and the level of collective household
consumption, without any indication as to how these would continue or vary over time. Such
information is necessary for household decision making.

In contrast, SolarClub is based on the principle that in order to be able to efficiently and collectively
use the limited resources of a shared photovoltaic (PV) installation, households need to be able to see
a forecast of when renewable energy is expected to be available, and to communicate their intention
to use energy at specific moments in time. Accordingly, SolarClub provides a visualization of the
expected PV generation and allows households to book time-slots for their energy-consuming
activities, which are shared with the other members of the community. To indicate the duration
of the activity, we based our design on the “energy block” [39] concept, modeling our bookings
and visualization with a similar modular aesthetic. SolarClub also builds on the AgentB user
interface [10] in terms of the renewable energy forecast, and booking activities. However, while
AgentB bookings were a tool to control an autonomous agent charging a battery, in SolarClub they
are primarily for human-to-human communication, to signal one’s intentions to other community
members, while also serving as an expression of commitment [1] to consume when solar generation
is available or even abundant. Together, these features were intended to enable intricate coordination
though a simple, booking-oriented platform. SolarClub also displays the past collective energy
consumption of the community, together with the historical solar generation data, to support
retrospective reflection.
Moreover, we aimed to avoid previously reported pitfalls by promoting a cooperative rather

than competitive approach among households. We did that by not using leaderboards or similar
individualistic designs, but instead we emphasized the collective rather than individual savings
(although both were depicted in the interface) and added group level information such as the
CO2 the group saved and their percentage of solar energy usage per week. Finally, informed
by discussions on community privacy [39] we took a privacy-preserving approach removing
identifiable information from the bookings and the historical energy consumption visualizations.

3.2 Coordination Interface
In SolarClub two web pages provide an interface for coordination: the overview (Figure 1) and the
daily (Figure 2-left) pages. Both pages include a calendar-type visualization that is divided into
hours. For each hour, the SolarClub depicts the forecasted solar energy production (in orange),
the collective energy consumption of all club households (in dark gray) as well as the potential
future bookings (in overlayed black blocks). Users also have the option to browse back in time to
see previous weeks. The overview page presents 7 days worth of data, while the daily page, which
is optimized for mobile view, only one day. The daily page also includes a summary message of the
percentage of the club’s solar energy use as well as a summary of the household’s bonus incentive
(Section 4.2).

Besides showing the energy forecast and generation, on the two pages participants could create
“bookings” for their electricity consumption. Specifically, through a pop-up dialog box as seen
in Figure 2-right, they could select the activity type they intended to do and schedule it for a
time in the future. For ease, the kWh of each activity type was pre-populated from an earlier
annotation phase (as will be further explained in Section 3.5). Bookings were visually presented on
the visualization as overlayed black blocks that spanned across the different hours (averaging the
activity’s consumption over time). Figure 1 for instance, shows three such bookings of two hours
each. Informed by previous work that captured shifting flexibility [39] when creating a booking,
households could also indicate to their club members how flexible that activity was (the options
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were ‘flexible’, ‘somewhat flexible’, ‘not flexible’). This flexibility indication would then appear as a
different shading on the booking’s overlayed black blocks in the visualization.

In addition to the shared bookings, SolarClub also offered two modes of communication among
club members: the Message Club feature and the notes on the bookings. Continuing our privacy-
preserving approach, we designed all of the means of communication to be anonymous. The
Message Club feature opened a popup screen in which users could fill in a title and a message.
Messages were reviewed by a moderator from the research team, before being sent as an email to all
the members of the club. To achieve anonymity and to also support the moderation, messaging was
set up as a mailing list for each group of participating households. Users could also leave optional
notes when creating bookings to indicate any additional information. In the visualization these
notes appeared when hovering (or tapping on a mobile device) over a booking as shown in Figure 1.

3.3 Email Messages
Each week participants received a summary email notifying them of their group’s progress in
number of bookings made, as well as amount of carbon emissions saved. To make the emissions
saved more relatable in this email, they were additionally described as car driving distance in miles
e.g. “Your energy club made a total of 16 bookings this week and saved 6.71 kg of CO2 – that’s
the equivalent in emissions of driving an average gasoline-powered car 17.2 miles”. Finally, if a
booking was mentioned as ‘flexible’ or ‘somewhat flexible’, the SolarClub system sent automated
notification email when other households might have overbooked for the same time. The email
message informed that another household has also made a booking for the same time and that if
the receiving participant was flexible they could go back to the interface and reschedule their own
booking. In the interface this appeared as an exclamation mark next to the hour (as seen in Figure
1 on Wednesday at 7am).

3.4 The Sensor Kit
SolarClub depicted the live energy consumption of all the households together (in dark gray). To
achieve this, we installed a dedicated sensor kit to each household. The sensor kit consisted of a
Raspberry Pi and an electricity consumption sensor with a current clamp. The Raspberry Pi was
connected to the household’s WiFi so as to be able to upload the measure energy data to a secure
university server. To sense electricity consumption sensors we used the Open Energy Monitor
EmonTx device1 with our own firmware, or custom hardware equivalent to the EmonTx2, depending
on availability. The current clamp connected to a cable of the participant’s electricity meter so
that the measured electricity voltage was sent via radio to the Raspberry Pi (using HopeRF RFM69
radio transceivers). These values were then uploaded from the Raspberry Pi to the aforementioned
university server and stored in an time-series database (InfluxDB3).

3.5 Annotation Interface
In order to create the personalized list of ‘bookable’ entries for each household, SolarClub included
an annotation interface. For this interface we re-implemented and extended FigureEnergy [11], an
“interactive visualization that allows users to annotate and manipulate a graphical representation
of their own electricity consumption data”. The interface contained a live view of the household’s
energy consumption collected through the installed sensor kit. The consumption was shown as
a bar chart over time averaged to 30-minute intervals blocks (Figure 3-left). Once identifying an

1https://guide.openenergymonitor.org/technical/emontx/
2https://learn.openenergymonitor.org/electricity-monitoring/ct-sensors/interface-with-arduino
3https://www.influxdata.com/products/influxdb-overview/
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Fig. 3. Left: The Annotation interface. Here the x-axis indicates time while the y-axis is Power. In dark gray
(or blue when annotated) is the live consumption of that household. Consumption peaks such as the one
shown in blue can be selected and annotated with the pop-up interface shown on the right. Right: a series of
pre-generated activities are presented to assist participants to annotate their consumption peaks. Note how
the duration and total consumption values are populated for the corresponding activity. These are the values
used by the SolarClub system for making bookings.

Install
sensors

& interview
Annotation
    (1 week)

Coordination
 (3 weeks)

Introduction
to SolarClub

uninstall
sensors

& interview

Fig. 4. Study design and process of deployment. The introduction to the SolarClub in some cases was done
via a pre-recorded video tutorial.

area of increased consumption, participants could highlight and ‘annotate’ that area using a series
of pre-generated options as icons (see Figure 3-right). The annotations were saved in a relational
database on the same university server.
Besides allowing the creation of a ‘catalogue’ of the household energy-consuming activities,

annotating enabled participants to better understand and reflect on their everyday habits and
energy consumption patterns as was found in prior research [11, 22].

4 METHODS
In this section we describe the in-the-wild evaluation of SolarClub with four groups of neighbors
in the UK. To give a brief overview, the process went as follows: first, households were fitted
with the sensor kit that could measure their live electricity consumption (Section 3.4). They then
spent one week annotating their activities (using the UI described in Section 3.5), and finally they
coordinated their energy consumption with their neighbors for three weeks (using the UI described
in Section 3.2, which was revealed to them only at the end of the annotation week). A visual
overview of the process is presented in Figure 4. For the purpose of this study, SolarClub only
simulated energy generation4 because we wanted participants to be able to experience solar usage

4Received from the https://forecast.solar API assuming a total of 4KW panels facing South and with an inclination of 37
degrees (which is considered the the optimal orientation to maximize total electricity production).
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even before deciding to purchase, and because the installation of real solar panels went against
logistical, budgetary and current regulatory constraints. The work was approved by UCL’s ethics
commission (UCLIC_2022_004_Costanza).

4.1 Study Design
After getting consent, two researchers visited the participants’ homes to install the sensor kit
and to give a short demonstration of the annotation interface. During the installation visit, they
also conducted an entry interview probing the household’s relation to energy, climate change and
sustainability as well as handed out a basic demographic survey. This process, which we refer to as
‘onboarding’, included any members of the household that were available at the time. Participants
had the functionality of the SolarClub system explained to them, but were not told that they had
to make use of this functionality in any particular way (besides providing annotations in the first
week). Rather, they were simply told that an incentive payment would be proportional to their
ability to shift electricity usage towards using solar instead of the grid during the coordination
phase. Participants were then asked to spend one week using the annotation interface, highlighting
the activities that appeared as peaks in the consumption graph (without doing any changes in their
behavior yet). Participants did not have access to the coordination interface in this annotation
phase, but only the annotation view.
Following the annotation week and whenever possible, the participants were introduced to

the coordination interface as well as to each other via a 30-minute online workshop. Where the
workshop was not organized, we sent participants a video tutorial of the SolarClub coordination
features. The workshop (or video tutorial) officially signaled the kick off of the coordination phase
that lasted 3 weeks, making the whole deployment a total of 4 weeks.

During the coordination phase participants could use the SolarClub coordination features (Figure
1, Sections 3.2 and 3.3) to do the following actions: (1) create or edit an energy booking, (2) check the
availability of solar energy, (3) browse the historical patterns of the club’s consumption/generation,
(4) get feedback on their savings in carbon emissions, reward and monetary terms and (5) message
the other members of their club. At the end of the coordination phase, two researchers uninstalled
the sensors and conducted exit interviews. Participants were then interviewed on their experience of
collectively coordinating with their club, on their interactions with the interface and on the impact
of this deployment on their broader views around climate change, sustainability and community
energy. All interview and workshop protocols can be found in the supplementary materials.

4.2 Recruitment
Since we were simulating an energy community, we wanted to test our systemwith actual neighbors
as previous work has described how such relationships can be fundamental in the reception,
adoption and use of such systems [39, 56]. As such, we set out to recruit groups of 3-5 neighbors
wanting to go through the deployment simultaneously. Accordingly, we recruited through a variety
of means. The first two groups were found by contacting two past research participants and asking
them to forward our call to their neighbors. The last two groups were recruited by on-street
leafleting and snowballing in a UK council estate. Incidentally, each group held some type of
relation before this deployment even if the participants did not always know each other. Group 1
was part of a street book-club which met monthly. Group 2 was part of a common street which
shared its own email list. Groups 3 and 4 (located in a different neighborhood) were part of a council
estate that has a lively local community as well as an active tenants and residents association,
which meets monthly for discussing common affairs. From the 15 households that participated, 13
completed the full study, one household (H14) partially completed the study (participants went on
vacations) and one household (H15) withdrew after some initial interest due to lack of time.
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For their participation, households were given £50 as well as an additional bonus of up to £50
depending on their energy shifting. The bonus, calculated based on their relative solar consumption,
was visible at all times on the daily page. To calculate the bonus, we compared what percentage
of their consumption was solar-powered during the annotation phase (our baseline) and then
compared it to the coordination phase. We assumed that the relative difference among the two
constituted their shift towards hours of solar energy as they were not instructed (or encouraged)
to change patterns until the coordination phase. Importantly, we did not explain the details of
the incentive calculation (or that it was being compared to the first week “baseline”) but only
informed them of being rewarded for shifting their activities to solar generated power during
the coordination phase. This choice was intended to avoid participants strategizing around the
incentives structure itself, or focusing excessively on the individual reward.

4.3 Data Collection & Analysis
All introductory and exit interviews were audio recorded, transcribed verbatim and analyzed
through thematic analysis [5] by the first author, together with the notes of the booking interface
and the messages exchanged between participants. The first pass identified 261 relevant quotes,
grouped into 55 codes and four themes after discussion with the other authors. Adhering to the
reflexive nature of the methodology, no inter-coder reliability was calculated [7, p. 237]. The
consumption data, the bookings, and the annotations were analyzed quantitatively to examine how
participant’s perceptions of their behavior translated in practice.

5 FINDINGS
We first present our quantitative analysis of data collected by the SolarClub systems, tracking pat-
terns of booking and consumption. We then discuss four themes emerging from the semi-structured
interviews, that relate to observed patterns of engagement with the system and interaction within
groups. These themes explore different scalar understandings of coordination emerging from the
study. Participants framed coordination as unfolding within the household, among neighbours,
within an energy community, and through imagination and empathy.

5.1 Engagement
Overall, the intervention elicited a variety of reactions from the participants. Participants like P11
who were generally flexible and self-described as doing quite well in the intervention, mentioned
how “it was lovely to dip a toe in the water of that [community energy], [..] it was nice to do
something about that, because it’s something which I very much believe in.” (P11). Others similarly
found it “empowering to participate" (P1) and a positive exercise to bring you closer to your
neighbors (P3, P9, P14). P16 also made concrete action points for the future to bring alternative
solutions to their local council. Yet, the deployment also made some participants feel ‘restricted’ in
their actions (P4) or ‘odd’ (P2) for needing to plan things in advance.

In line with the findings of previous work on people’s experiences with annotating their house-
hold’s electricity usage e.g. [11, 21, 39]. participants enjoyed and learned from the annotating
process, making an average of 28.9 annotations (min:11,max:53,SD:13.2) over one week5. Unlike
these previous studies, however, in this case households were instructed to focus on annotating
their larger appliances, potentially affecting the quantity of annotations and limiting comparability.
In total, each of the 14 active households made between 4 and 61 bookings (mean: 19, SD:15.8),

for a total of 268. The amount of bookings, on average, seemed to be quite stable with a small peak

5This data excludes P16 who was especially motivated and continued to annotate 175 peaks throughout the 4 weeks of
annotation and coordination phases.

10



SolarClub: Supporting Renewable Energy Communities CHI ’24, May 11–16, 2024, Honolulu, HI, USA

Group Household Participant Gender Age Occupation
1 H1 P1 f (f,f) 56, (61,15) Gardener, (Retired,Pupil)

1 H2 P2 f 73 Retired
P3 m 77 Retired

1 H3 P4 m 67 Retired (Osteopath)
P5 f 64 Retired (Teacher)

1 H4 P6 f 69 Retired
P7 m 73 Retired

2 H5 P8 f 54 Art buyer

2 H6 P9 m (f,f) 65 (67,27) Retired, (Judge, Student)

2 H7 P10 m 55 Strategy and Marketing Di-
rector

2 H8 P11 f 63 Operations & Partnerships
Lead

3 H9 P12 f 71 Retired

3 H10 P13 m 54 (55,21,17,14,14) Self employed, (Housewife,
Student, Pupilsx3)

3 H11 P15 f 66 (70) School admin, (-)

4 H12 P16 m 74 Architect/Translator

4 H13 P17 f 65+ Retired

4 H14 P18 f 40+ Designer

4 H15 P19 f 45 Artist
Table 1. Participant breakdown. Mentioned in brackets are other household members that were not inter-
viewed.

Fig. 5. The total bookings across the three weeks where relatively stable. Further breakdown is provided as
supplementary material.

on the second of the three weeks of coordination (Figure 5). This finding is in line with previous
work that noticed that a drop in eco-feedback engagement only occurred after approximately four
weeks [3, 41]. The majority of bookings (38%) were made 1-2 hours in advance of the booking start
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Fig. 6. The charts indicate how far in advance bookings were made (measured in hours) per household as
well as total. The y-axis represents the number of bookings.

time, but in general bookings were made from less than a minute to 5 days in advance (mean: 12.5,
SD:22 hours). The amount of time between making the booking and running the activity changed
across participants as well as throughout the deployment. Figure 6 summarizes the bookings by
household indicating the variation in household patterns. For instance, some people booked last
minute “Generally four minutes before I wanted to use it”(P1, H1). H6 who made the most bookings
overall also seemed to make these mostly the hour before the actual activity. Others planned only
in the morning for the same day:

P4 (H3): Our planning was more done in discussion between her and I, [..] overnight to
plan the day.
P5 (H3): Yeah. Yeah. We tended to book the night before or early that morning. So we
were planning ahead.

For P11 (H8) the booking behavior evolved with the realization that the forecast accuracy is lower
the longer in advance it is consulted, so that early bookings would be more likely to overshoot the
actual solar availability (at the time they were run).
Moreover, as shown in Table 2, all groups but the last one, were ‘successful’ in shifting their

energy consumption towards hours when there was solar. The last group included two households
which engaged in energy shifting, but the other two (H15 and H14) were not actively participating.
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Fig. 7. The consumption graph for two households, overlayed with the bookings made (in pink). H3(top)
booked during the daytime but not outside solar hours. H8 booked their large devices consistently and the
last week of the deployment, they had visitors who also participated in the SolarClub system by booking.

Interestingly, when comparing the last two columns of Table 2 we find that the amount of bookings
does not seem to imply higher shift percentage. H7 which consisted of P10 who worked until
late during the week, only booked 4 times. Nevertheless they still seemed to shift their overall
consumption to more solar hours. On the other hand H5 did not manage to shift (their energy
was already 47% covered by solar), yet they nevertheless signaled their activities by making 40
bookings.
Table 3 reports the solar generation for each of the groups. This data suggests that for three

groups (1, 2, and 4) the solar generation was higher during the coordination weeks, on average, than
during the annotation week. However, there seems to be no pattern of higher solar consumption
being explained by higher solar generation: for groups 1 and 3 the percentage of solar consumption
(as a share of solar generation) went up during the coordination phase, while for the other two
groups it went down. This makes sense since where availability of solar generation is relatively
plentiful and doesn’t act as a limiter on consumption (i.e. where participants’ energy needs are
already being met), we wouldn’t necessarily expect a strong association between the two.

In all cases but one (P15) participants booked only to indicate their intention of using the available
solar energy (i.e. made bookings only for times when solar generation was expected) as shown
in Figure 8. P15 instead also booked their dishwasher outside the available solar hours in four
bookings (out of their 17 in total, perhaps due to their inflexibility as detailed below). Participants
understood booking as a strategy for solar coordination hence making sense only during solar
generation times. As Figure 7 demonstrates, households booked when they wanted to consume
during the day (i.e. there is coherence between the blue peaks and the pink bookings), and still
consumed without booking outside the solar hours when they needed to.

Overall, only seven messages to other club members were sent through the MessageClub feature,
whereas almost 25% of bookings included a note (67 out of the 268 total). Finally, we analyzed
the flexibility data for the 101 bookings that were made at least 6 hours in advance. We focused
on this subset of bookings because participants mentioned that when they booked their slots
last-minute they were not flexible at that point anymore. Of these 101 bookings, 18 were marked
as ‘no’ flexibility, 23 as ‘somewhat’ flexible and the remaining 60 as ‘flexible’ (which was also the
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Fig. 8. Time of booking by household. Most participants have booked slots during the daytime except H11
who has also booked their dishwasher at 10pm. Based on the accompanying note, we believe that midnight
booking of H9 was meant for midday. The histogram of all households together (the last one) resembles that
of the solar distribution during daytime.

default, pre-selected option in the dropdown). We analyze these flexibility indicators qualitatively
in Section 5.3.

5.2 Using and Coordinating with SolarClub as a Household
Participants mentioned that the SolarClub graph was ‘simple’ (P7), ‘clear’ (P9, P17), ‘intuitive’ (P10,
P11) even ‘satisfying’ (P12) to read and interact with. “I think the display works well in terms of
understanding the resource and understanding what other people are doing.”(P1). The annotation
drop-down selection however was described as ‘clunky’(P1) and hard to understand (P16) even if
all participants managed to use it. Further analysis revealed this to be the case because of a bug
where the labels used for the annotations did not match the ones in the coordination interface (e.g.
‘washing and drying’ became ‘laundry’).

The interviews highlighted how, the coordination phase required substantial within household
discussion and that, at times, could create friction. For instance, P9 and their daughter were engaged
with coordinating whereas the other parent was not: “I [..] just liked doing the project, booking
in the time, and – it’s about putting order into your life, and I quite liked that bit of it, and that’s
what irritated my wife a lot, I think because she doesn’t want to have to deal with that.”(P9). P13
who is a working father of four, shared the responsibility of how to use the booking system with
his son (and to an extent with the younger daughters), making him responsible for coordinating
with family members on their bookings. Moreover, unexpectedly, P11 had guests and P8 a new
tenant half way through the coordination phase. While this meant that the households would have
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Annotation (Baseline) Coordination
Solar C. Total C. Solar C. (avg) Total C. (avg) Shift of Solar

to Total ratio
Booking#

H1 8 33.2 10.7 29.9 11.32% 32
H2 5.76 19.7 7.9 20.8 8.57% 15
H3 6.97 39.5 8.4 30.2 10.01% 28
H4 6.75 21 10.6 27.2 6.95% 8

Group 1 27.5 113.8 37.5 108.2 10.4% 83
H5 10.54 22 12.5 26.5 -0.40% 40
H6 13 31 10 20.5 6.78% 61
H7 10.35 21.8 9 17.1 5.41% 4
H8 10.1 18.8 10 18 1.91% 10

Group 2 44.1 93.7 41.7 82.1 3.7% 115
H9 5.33 11.4 6 10.6 10.13% 12
H10 11.8 33.6 13.7 26 17.65% 11
H11 9 23.7 13.5 34.6 0.04% 17

Group 3 26.2 68.32 33.2 71.2 8.3% 40
H12 5.3 11.3 8 15.7 4.28% 10
H13 2.73 4.9 4.7 8.5 0.15% 8
H14 11 26.6 6.6 16.7 -2.16% 12
H15 - - - - - -

Group 4 17.5 39.3 27.5 67.8 -4% 30
Table 2. Consumption during the coordination and annotation phases as well as the relative shift of activities
towards solar hours. For easier comparisons, the coordination phase is shown as weekly averages (the
coordination phase lasted 3 weeks). All values are in kWh. In bold are the instances were in fact households
spent less solar energy proportionally.

Annotation (Baseline) Coordination
Solar Gen. Solar Con. % Consumed Solar Gen.

(avg)
Solar Con.
(avg)

% Consumed

Group 1 59.7 27.5 46% 73.6 37.5 50.9%
Group 2 114.3 44.1 39% 125 41.7 33%
Group 3 124.9 26.2 21% 90.74 33.2 37%
Group 4 52.6 17.5 33% 95 27.5 29%

Table 3. Solar generation during the coordination and annotation phases as well as the ratio of solar generation
used by the groups in total. The solar consumption values are the same as those on Table 2, but are repeated
here for easier reading. In most cases the coordination phases were more sunny than the annotation phases.
Solar generation and consumption values are in kWh and reported as weekly averages in the case of the
coordination phase.

increasing energy consumption, they also found how these new members also became engaged in
the coordination themselves finding it easy to understand the SolarClub system.
It should be noted that our intervention and study were not explicitly designed to account

for coordination within the households. So, for example, while where possible we onboarded all
householders, this was not always the case due to participants’ availability or intrinsic motivation
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to take part. Moreover, we did not provide dedicated resources that could be used to onboard those
not present. Therefore, serendipitous variations in how many household members were onboarded,
brought to light different dynamics within the households. In H2 and H4, for instance, we onboarded
both members of the household in the introductory session. These two households went on to share
the tasks of planning and filling in the booking among themselves. On the contrary, in households
H1 and H3 we only onboarded a single participant which meant that they had to then explain the
system to the other family members which required understanding and verbalizing the aim of the
study. In the case of household H3, this was a point of tension as P5 signed up for participating
yet only P4 was present for the initial onboarding. Perhaps exactly because they were the ones
onboarded, P4 took the research seriously, wanting to ‘do it properly’ and to communicate that
buy-in to their partner (P5) who seemed to take a more casual approach. Indeed P5 told us about
their partner P4: “P4 likes taking things very, very seriously. So when I hadn’t quite embraced the
system, P4 would tell me off that, no, you haven’t booked to do that. You need to book to do that.”

On the other hand, P1 did not seem to get the same resistance in participation but still originally
struggled in explaining the functionality and purpose to the rest of the family.

So [PARTNER’S NAME] would say to me, is it alright for me to put the washing
machine on? Should I do that tonight? And I had to kind of keep wracking my brain
about, okay, what is it we’re trying to achieve here? I’m trying to achieve using energy
during daylight, and communicating that. So it doesn’t matter whether I booked it, if
it’s sunny outside, you can do what you like. If I’m not around, we haven’t booked it.
It doesn’t matter, but if it’s sunny outside, go for it. [..]
It sounds stupid now, but at the start of the project, that felt like a conversation that
we kept having, and I kept failing to find the language to just say, if it’s sunny, put the
washing machine on. Those were the words I needed, I think, I think three weeks to
find them. (P1)

As described P1’s quote above, households tended to find simple rules, such as in this case just
checking if there is sunshine or not, to understand how to interact with the SolarClub system
and to explain this to those they lived with. Such rules demonstrated each household’s distinctive
understanding of (simulated) solar energy in the context of the intervention and the actions required.
For example, P9 and P12 similarly used the principle of “do stuff when there’s power available”(P9)
or “look outside and see what the weather is” (P12). Interestingly, participants often used terms that
reflected the visual language used in our UI: “the main focus was on, how can we change what we
did to make it more in the middle?” (P4, referring to the visualization showing the distribution of
solar throughout the day) or “And then, yes, [we] are not making the most of the sun at all, really.
The gray should be more equal to the orange.”(P8).

5.3 Coordinating as Neighbors
When asked about the process of booking, participants mentioned that booking was not necessary
to use solar energy, but was helpful to ensure that others are not using the power at the same
time. In fact, some participants deemed the booking system entirely sufficient for the purpose
of communication, avoiding the notes and messaging features. “I tried not to overutilize, so I
just moved my own things, rather than go and talk to somebody else about doing something
different.” (P9).

Participants explicitly mentioned they were not only booking their activities to match the solar
generation, but even adjusting their plans to take into account the collective consumption e.g. “I
had booked for 9 but could see the usage was high so moved to 13:00” (note on a booking by P4).
Similarly, others expressed their availability to change plan through the booking system: “going to
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put on the dishwasher when I go out so let me know if you need the slot urgently [P12 NAME]”
(signed note of P12). Overbooking, however, was not that common. Although the SolarClub system
sent automated notification emails in the case that people did overbook, participants reported that
they would only notice and read emails when it was too late to act. “And the trouble was that [..]
didn’t check my emails over my phone. So the time had gone... [..] If I’d said, oh, yeah, of course I
can be flexible. The time had gone by then. Anyway, so it made no difference.”(P4). The SolarClub
design, however, was not sufficiently oriented towards immediacy; with reminders for the bookings
being one of the common features mentioned for a future iteration. “Then ideally you’d have it on
an app, and everybody would have the app. And then the app would ping to say, actually ‘P6 and
P7 [are] doing a three-beans casserole’, and ‘could you turn your van off’, you know, or ‘it’s not
going to be as sunny as we thought, turn it all down’, or whatever.” (P1).

Moreover, P15 who was working full time and taking care of grandchildren in the evenings and
weekends mentioned how for them, the the SolarClub system does not seem to make sense when
compared to the annotation interface as they do not have almost any flexibility in their daily life.
“And because I was slightly defeatist, I suppose, because I thought, ‘Well, I can’t do my washing at
10 o’clock in the morning when there’s all that sunshine on a Monday. So what’s the point?’” (P15).

The interviews also provided more context for how participants signaled their flexibility: “Yes,
again, initially I was always saying it’s flexible, and then as it went, as time went on, I kind of
realized we were all doing the same thing, which was doing it [the booking] at the last minute.”
(P11). For P16, making a booking implied that all the maneuvering that was possible has already
been done. “I’ve already been flexible because I was choosing that time.”(P16) so that they would
often (in 6 of their 10 bookings) indicate their bookings as ‘not flexible’. There seemed to be also
a reciprocal relationship with indicating flexibility as participants did not seem to pay attention
to other people’s stated flexibility (i.e. the booking shading) . As P9 mentioned “I did a bit at the
beginning, thinking that it would be more polite if I was more flexible, but actually, [..] – nobody
came back to me and said, ‘Can you change this?’”. As most participants understood bookings as
‘fixed’ and immutable after being made, the indication of flexibility as a shading on the booking
representation seemed to be superfluous information.

All participants but one (P10) claimed that they felt like they were collaborating rather than com-
peting with the other club members. P10 mentioned that it felt a bit like ‘coopetition’ (competition
alongside cooperation) and they argued that ‘a bit of gamification doesn’t hurt’ among neighbors
to make them more motivated. P8 and P7 also mentioned experiencing some ‘self-competition’,
in which they challenged themselves to keep their incentive (P8) or energy consumption (P7) at
higher or lower levels accordingly.

As per our design approach, the SolarClub interface did not not reveal how much each individual
household was consuming, nor did it by default include the author of messages, notes or bookings.
As such, almost all participants felt the system was privacy preserving. “It felt, to me it felt very
private in that if you, when you saw someone else’s booking, if you clicked on it, you didn’t see
who it was or what it was.” (P11). While P11 and P17 felt that this was sufficient and did not want
more information, all the others claimed that they would like more transparency even when that
meant that they would show more data about their household. “If anybody wants to know when I’m
doing my laundry, they’re really welcome.” (P10). This feeling was supported by the observation
that one participant also explicitly added their house number to their note and three more added
their name, thus breaking anonymity.
Perhaps because of this lack of transparency, the graph provoked inferences about what the

other Club members were doing although to a lesser extent than we anticipated. “There were a
couple of early morning big power surges, actually, we were wondering what they were doing.
”(P5). In other instances this kind of guesswork was triggered by the messaging and notes function:
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Because I just know P12 and I just felt it was her. “Oh, I can do that,” or, “I’m going
to try and do that,” or, “I’m going to try and engage with that.” I know that P13 or his
son wouldn’t talk like that – little messages – these few messages that came through.
Maybe I’m wrong. (P15)

Moreover, discussions about accountability were quite minimal as participants mentioned they
did not go back to check if people had actually followed through with their booking (P2). In fact,
participants suggested that this kind of feature would be relevant to have in future iterations.

5.4 Building an Energy Community
A core recurring theme across interviews was the notion of community and collectivity. Participants
had some preconceived ideas of what constitutes a community that went, in this case, far beyond
the idea of sharing renewable solar energy. For P10 for instance, “a community communicates”
either in person or through tools like WhatsApp. For P17 a community was the council estate in
which they lived on and less a group of people sharing energy. Community was also associated
with feelings of motivation and accountability as “[communal living] probably would be quite a
good basis for chat and improvement and getting together on things, and saying, ‘Now look, come
on Number 54, you can do a whole lot better than this. What’s the problem? Why can’t you use the
stuff when it’s daylight? Can we help?’”(P12).
Despite their ‘success’ (as summarized in Table 2), participants mentioned that it was hard to

judge how well their energy community was performing. “So I don’t know. I mean, it’s difficult
when you’re one household sitting in front of a terminal, to know – to judge how well the whole
thing has done. You’re probably in a better position to judge that than we are.” (P7). This lack of
intuition was also related to the amount of communication that took place among households.

I’m not sure we did very well on the trading, because maybe we could’ve done a whole
lot of messages. [..] I think individual people made choices. We did. I’m assuming others
did. But I don’t know to what degree, if at all, we corporately made choices. (P7)

As mentioned in the quote, participants overall felt like they were working as individual house-
holds while keeping in mind what other households are doing somewhat redefining what collabo-
ration could look like. “I think we probably approached it in an individual way, knowing that other
people were doing – assuming that other people were doing the same thing.” (P9). “Well, I knew
there were others because I looked on the scheduling tool, but we never spoke.” (P10). “I was a
bit selfish about it. I tended to look at what I wanted and whether other people have booked it
rather than looking at the whole team. I kind of thought oh wow this is blocked I won’t use it but I
suppose that’s still working as a team in a way.” (P17).
For most, these experiences contrasted with their existing understanding of what ‘community’

entails, and even with what they were expecting from an energy community experiment such as
the one they participated in. “It wasn’t too much about the community. We were very autonomous
and self-sufficient” (P8). This lack of friction during the household coordination even left some
feeling as if the other participants were non-existent. “If I book those times and somebody else
also wanted to put those time then there would need to be an agreement between us, but I would
move to a different time or a different day but that never happened so I was able to do everything I
wanted to on the day I wanted at the time I wanted. I didn’t see anybody trying to book anything
at the same time. [..] There was no friction at all, because I couldn’t see that anybody was trying to
book any.” (P16).
This notion of community as interpersonal connection was also reflected in how participants

used the communication features within the SolarClub coordination interface. Booking notes were
the most popular option, seemingly related to their personal nature (“I like the notes. I found
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that... That made it quite personal, you know.” (P5)) and they ranged from brief explanations of the
activity to longer argumentation of why it will take place (e.g. “I can watch the TV Later in the day
but my favorite show is on can’t miss that”(H10)).
On the other hand, the Message Club feature wasn’t felt to be as useful as participants “never

felt [they] needed to [message]”(P11). P1 and P7 attributed this lack of usefulness to the perceived
importance of the message received: “Well, I saw the odd message pop up, but then you just thought,
‘Oh, why? Oh.’ And some of them [..] – when you read them, they weren’t like the world’s going to
end kind of ” (P7). For P17 the dislike of the messaging tool related to the lack of response by the
other participants indicating the importance of two-way communication. “ [..] that was the only
message I sent and so for me that was like I didn’t use it again when I thought I hadn’t got a reply I
thought well they can’t be bothered so I won’t.” (P17). P15 also mentioned their saturation on the
modes of communication and not needing a new one “about cooking or washing”(P15).
During the first group deployment, all four households mentioned separately they would have

liked an initial workshop so as to get a ‘shared understanding’ (P1). However, even when we orga-
nized a brief workshop for the subsequent two groups (online, to simplify participants’ attendance),
it still did not seem to fulfill the expectations and desires of some for collective discussion “When
we were doing the Zoom, I thought we were going to discuss that more, and I was up for really
– I thought we were going to have to do an agenda. Do you know what I mean? Or [take out] a
calendar and say, ‘OK, does anyone want this?’”(P8).

5.5 Simulation, Imagination and Empathy
Related to the desire among many participants to know more about who was making bookings
and why, participants frequently imagined how they might respond towards under particular
circumstances – from their neighbors hosting a dinner party, to neighbors living with a disability.
In some cases, these imagined scenarios prompted empathy and a desire to be accommodating, but
in other cases, they were envisioned as occasions where energy communities could break down.
The simulation aspects in our study, seemed to have helped some of our participants reflect

about what it would mean to live with only renewable energy and how their practices would need
to change, sometimes radically. P4 and P8 ran-through a scenario in which renewables such as solar
were the only source of energy available. “And then I was like – it was slowly dawning, well, how
am I going to eat my dinner? [..] So I would even have considered, there’s different ways, perhaps
lunch would be my main meal or. . . Do you know what I mean?” (P8). P4 who had mentioned
how they found this experiment ‘restrictive’ equally explained how they considered such kind of
restriction necessary in order to change society. “I think that, you know, if we were in a situation
where, as I said earlier, where this wind and solar were the only things available, then yeah, I would
accept that that is restrictive and that would mean even, I suppose we would as a society, society
then have to change. And I’d be accepting of those things and engage with them in order to make
it work.” (P4).
Practices of imagination not only pertained to ‘extreme’ scenarios, but also to the changes

required in daily life. For instance a common reflection was considering the effect of trying to
coordinate during the winter months when there is less solar. Daily activities such as an immediate
need of electricity or then simply a dinner party were also presented as occasions were energy
communities could break down “I was only thinking, if you had a dinner party, it’s bad enough
trying to find a date for when everybody can come together for a dinner party. Then working out
and then having to communicate between people maybe too - well, you wouldn’t necessarily know
how much energy there was.” (P2).
Besides making participants reflect on alternative personal scenarios, the deployment also

seemed to generate more empathy towards others, within and beyond the club, either through
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direct knowledge of others’ circumstances was based on hypotheses. “Families of four must be
really going through it. And it’s reminded me – living here on my own – what a low-energy user I
am compared with people who’ve got multiple people under the same roof.” (P10).

6 DISCUSSION
Our study exposed groups of neighbors to a simulated future energy system, SolarClub. During
three weeks, participating households used SolarClub to see their energy consumption, assess
the solar forecast and create bookings as if they formed an energy community. Overall, we found
that SolarClub enabled our participants to demand-shift and coordinate; with most participants
shifting their energy consumption and reducing their simulated carbon emissions by using more
solar energy as shown in Tables 2 and 3. Still, our findings have also raised several questions with
regards to the role of the system in forming communities, household and group flexibility, as well
as group privacy and empathy.

6.1 Bookings as a Means for Collective Demand-Shifting
Our findings indicate that the booking system functioned well as a medium for communicating
intention, as participants actively changed their consumption patterns based on the existing
bookings. Our interviews also suggest that at least partially, the lack of overbooking was a result of
the visibility of other households’ bookings (i.e. people saw others’ intentions and changed their
schedules). Bookings were even used as a social signal or as a more general communicative act. For
instance, P15 booked outside solar times to signal their inflexibility to their fellow members.

Interestingly, participants were also able to organize collectively through bookings, even though
they did not feel that they were a community. There is perhaps a tension here between what has
been called an “energy community" in prior work and expectations about “community" in more
general terms that tends to refer to the immediate, direct, local relationships among individuals with
something in common [31]. We argue that our participants indeed acted as an energy community,
i.e. a collective organizing around renewable energy consumption: they took into account the
sun generation and their club members by making bookings and also took into account other’s
bookings when consuming. Nevertheless, participants claimed they did not feel like they were
part of a community as they had imagined it. Perhaps, this was also further exacerbated by not
experiencing any severe moment of infrastructural friction [18, 33], for instance a full week without
solar power or excessive power-usage by an individual household that would require negotiation
and further dialogue [18].
As participants seemed to experience the coordination without communication as strange or

unfamiliar, an implication for future work is to investigate, besides bookings, features or contextual
additions that can support different feelings of ‘community’ among cohorts of participants.
Based on our study this could be achieved by conducting in-person onboarding workshops where
participants are introduced to each other and come to an agreement on basic coordination rules; by
adding more immediate response alerts of clashes and overbookings so as to have more immediacy
to an activity as shown in previous work [24]; and by providing better (visualised) connections
between the individual and the collective, for example, by displaying public notes on the shared
visualization. Although participants were able to successfully coordinate and shift electricity
usage without feelings of community, cultivating such feelings may help increase efficacy and
the sustainability of coordination platforms; participants often linked their expressed desire for a
greater sense of community to the pragmatic goals of wanting to account for the needs of others
and ensuring ongoing collective buy-in.
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6.2 Individual, Group and Within-Household Flexibility
In this research flexibility can be conceptualized at at least two levels: more narrowly in terms of
bookings, and more broadly in terms of routine. At the booking level, flexibility is conceptualized
as the possibility for shifting bookings to accommodate other members’ needs. We explicitly
represented that flexibility by visualizing the bookings with different shading. There were relatively
few cases in which such an overlap among club member bookings was necessary. However, during
the research, flexibility came to signify more broadly, the capacity of participants to rearrange their
daily routines to maximize the use of solar energy, or to reschedule at short notice, for instance to
accommodate for solar energy unavailability. Powells and Fell [46] have defined that capacity to
responsively change interaction patterns as flexibility capital. We found that our representations
of booking-flexibility were not utilized as much as we had expected because the act of making
a booking itself was an expression of flexibility at the broader level, resulting from having such
capital. For instance P17 claimed that they already had been flexible for booking during solar energy
hours while P15 claimed they were not flexible exactly because they could not shift activities to
earlier hours. This indicates how acts of booking directly embodied the flexibility of the participants.
Thus, our participants did not need their visualized bookings to represent additional, more granular
flexibility. Bookings were therefore most useful for and utilized by participants who had higher
flexibility capital. This raises the question as to whether community coordination systems such as
SolarClub are still beneficial even in settings of low energy flexibility capital. We argue that they
can be because of the group’s total capital.
Just as in individual settings [29], household circumstances and general routine flexibility are

important in communal settings. Nevertheless, we also saw how diverse households together have
more capacity to leverage solar than it may be possible individually, in virtue of their aggregate
flexibility. Homogeneous groups such as Group 1 mostly consisting of people with higher flexibility
capital (e.g., because most were retired), were most successful in terms of shifting load (see Table
2). Nevertheless, even Groups 2 and 3 still managed to shift overall, even though P10 was only
available for shifting in the weekends due to work obligations and P15, as they self-described, was
inflexible. As a consequence, purely in terms of environmental and community benefit, it may be
sufficient for some households to be more analytical and flexible in their energy usage, while others
with less flexibility capital due to family, work, disability or other situational constraints were less
so. This would be especially relevant to recognise in cases in which such communities might not be
self-selected and homogeneous but ‘forced’ through policy and circumstance (e.g. because of living
arrangements). This finding demonstrates how shared solar has the potential to build collective
flexibility capital, especially when operated to support and motivate coordination, in a way that is
likely to be more affordable than individual solar installations.
An implication for future work therefore is to make this property of energy clubs visible in

systems such as SolarClub to avoid defeatism due to perceived lack of agency from those who are
less flexible. Practically, this can be achieved by emphasizing indicators of collective success
or progress such as the number of bookings or the collective’s percentage of consumption coming
from renewable energy sources. While we have used some of these indicators in SolarClub, we find
they were not enough to avoid the defeatism of some of our participants.

Finally, our findings show how internal coordination within the household is another important
factor in supporting collective demand-shifting. P9 engaged his daughter to add and check bookings,
P1 and P13 engaged their families as well. Research has identified how home systems often fall
short in engaging the household but are targeted to technical ‘gurus’ [59]. Our system was mostly
reported as intuitive and easy to use but the fact that some household members were not onboarded,
and the uneven diffusion of understandings as to what the system was ‘for’ still left some members
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feeling excluded. These findings thus reinforce the understanding that smart home systems need
less ‘digital housekeeping’, i.e. maintenance and tinkering with smart devices, and to become
generally more welcoming places [59]. As previous work with families has found, [54], such an
approach can lead to greater collaboration within the household. We suggest future work learn
from these findings and provide vocabulary or other heuristic resources to explain collective
demand-shifting systems to households of children and adults, rather than assuming the task
should be offloaded to individual household members. Our previous suggestion for an onboarding
session could also help such engagement.

6.3 Privacy, Perspective-taking and Cooperation
In contrast to prior, exploratory work [23, 28, 39, 49, 51, 58], our in-the-wild deployment found that
participants seemed to want more, rather than less information about their neighbors. Additional
contextual information about neighbors was not needed for coordination, as mentioned above, but
it was reportedly preferred; perhaps for ‘mutual understanding of needs’ (P17) (i.e. perspective-
taking) or for allowing them to make better inferences regarding their neighbors and be more
‘amenable’(P10) in cases of friction. Our decision to design for more privacy therefore seemed to
work against cultivating feelings of community, in which some exposure was in fact expected to
build deeper relations. This is especially interesting given that unlike previous work [26, 39], we
deployed SolarClub with groups of existing neighbors who already had some familiarity with their
fellow members (and therefore did not require additional information about them). We suggest that
future interfaces for collaborative demand-shifting should include opt-in privacy settings at
the group or household level. Such settings could be collectively agreed upon before launching
their energy community for instance during an onboarding workshop as we suggest in Section
6.1. Such an approach would permit both privacy as well as accountability and empathy-building,
depending on how each specific energy club decides.
Our findings also show how collective experiences of data sensing and visualization can en-

courage empathy and perspective-taking towards fellow neighbors. In Section 5.5 we saw how
new perspectives on others’ energy needs and patterns, could be based on understanding actual
conditions (as discovered in the initial workshop with Groups 2 and 3) or on imaginative assump-
tions about others, when personal circumstances were unknown. The intervention overall was
also described as a ‘positive thing to share with your neighbors’ (P9). This further reinforces how
even though participants lamented that they did not communicate enough and did not feel like a
community, they nevertheless acted as one.
Interestingly, collective action emerged even without direct comparisons between households,

as in previous ‘social’ or ‘normative’ comparison studies [16]. In fact, perhaps because participants
were not directly comparing consumption and shifting behaviours, or because our groups already
formed a type of collective, our simulation resulted in feelings collaboration, in contrast to previous
studies of energy communities that described more competitive stances [20, 26]. Previous research
has also documented how, through data, participants could reconstruct behavior and expose the
sensitive personal data of others [34]. Our work extends these findings, demonstrating how data,
when enacted, i.e. when experienced live and simultaneously, can also be pro-social and build
towards communities.

6.4 From Simulation to Practice
Given the success that SolarClub demonstrated in supporting coordination of energy use, what
might be the prospects of applying this kind of solution in practice? The first important question is
the extent to which this kind of manual coordination is necessary compared to more automated
approaches. Automation is widely expected to play a significant role in energy demand coordination
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[2, 15]. This is for reasons including increased convenience, responsiveness, and reliability of
response. The SolarClub coordination interface did not offer the capacity to automate any aspects
of appliance use. Nevertheless, there is still an important role for the manual form of coordination
it enabled. This partly derives from the potential to support empathy and a sense of the collective
(albeit somewhat limited), which can help justify and motivate interest in demand-shifting and build
flexibility capital for it. We know for instance, that people’s energy-intensive activities are versatile
and need to account for external factors beyond resource availability. Laundry may be scheduled
based on factors such as home planning, children, vacations, sunshine and noise considerations.
Alongside these multiple considerations, there are often multiple possible ‘solutions’ as to how
to schedule and coordinate. By seeing each other’s live consumption and even future intentions,
SolarClub demonstrates one way around more rigid automation-driven approaches. In addition to
this, there are a range of power-intensive activities which are much harder to automate, such as
cooking. While households’ ability to shift such activities is likely to be quite constrained, having a
manual option for coordination provides at least the opportunity for some flexibility to occur.
Moreover, systems such as SolarClub that make users externalize their usage and flexibility

through bookings, can provide training data for automation algorithms on how to operate most
acceptably and effectively. Given these considerations, we see potential real-world applications
for SolarClub-like solutions either as a complement to more automated approaches, or where
automation is impractical. It helps promote the agentive coordination of energy-using activities,
cultivates active commitment to underlying goals of demand shifting and sustainability, and
may have potential to act as a focal object for more thoroughgoing community-building. Most
likely contexts for deployment are those where shared assets are more common, such as multiple
occupancy buildings. Further research is needed to understand the extent to which the coordination
behaviors SolarClub helped develop could act as a basis for habit formation, which is likely to be
necessary if it is to act as a longer-term solution.

6.5 Limitations
Our group of self-selected participants was potentially biased towards people with ecological
sensitivities and higher flexibility capital so that our results maybe reflective of early-adopters
of such systems. Our interventions were conducted during the spring and summer, when there
was more solar that might otherwise be there during the year. Moreover, the probe diverged from
reality as it still only offered a simulation. Therefore the results might be different depending on
whether the participants had actually invested in the shared solar; on the fact that the generation
was simulated; on that the incentive was probably rather large and in a different form to bill
savings; and that it was a rather short-term intervention when compared to living with solar panels.
Especially as relating to the duration of the study, a more extended study may well provide deeper
insights into longitudinal user behavior, especially in light of previous research indicating potential
relapsing effects [3, 40, 41]. Finally, we intentionally de-emphasized the monetary incentive on
our system, except as an indicator of ‘success’ in shifting, whereas in real life, people might be
more conscious of the costs associated with energy consumption. Future work can make incentive
models more transparent and even experiment with different possibilities, for instance penalizing
non-solar consumption.

7 CONCLUSION
This work examined how a community of households might plan and coordinate their electricity
use to make the most of a shared renewable energy source, specifically a solar panel installation.
We presented SolarClub, a custom demand-shifting system which we deployed with 15 households
over a period of a month. We found that an interface such as SolarClub can successfully enable
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neighbors to coordinate their electricity consumption, even when some of those participating
households were less flexible themselves. We also saw how SolarClub, while still a simulation,
could encourage empathy towards neighbors. Nevertheless, even though neighbors were able to
coordinate effectively, SolarClub fell short of delivering a sense of community. Using our rich find-
ings, we propose a set of additional design considerations for mediating solar energy coordination
among energy communities. Hence, we contribute to the development of the next generation of
practices and technologies that can support collective action for environmental sustainability.
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