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ABSTRACT

In efforts to combat climate change, reduce an organisation’s car-
bon footprint, and ultimately save resources, energy management
has become an important aspect of non-domestic building man-
agement. The practice of energy managers can involve analysing
vast quantities of energy-related data, mostly quantitative, to assess
current demand and forecast future consumption of often complex
sets of buildings to identify targets for efficiency measures. In re-
cent years, we have worked closely with energy managers to create
better tools for them to not just uncover energy savings potential,
but find better ways of representing and understanding this data.
In doing so, we have faced several unexpected challenges, hold-
ing back the creation of prototypes, with problems unique to this
specific application domain. We reflect on why this has proven so
difficult and point out the challenges of the prototyping process for
energy management. We use key HCI methodology to explain what
we believe the reasons for these challenges are, and discuss poten-
tial ways to overcome them, offering recommendations for future
researchers to more effectively engage with energy management.
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1 INTRODUCTION

A significant footprint of businesses and organisations relates to
the energy consumption of their infrastructure, such as the elec-
tricity, gas, and water usage of buildings and the people living and
working in them [13]. The opportunities of modern technology in
terms of gathering information about energy consumption through
increased resolution and frequency of sensing as well as computing
advances such as dashboards, Al, and digital twins, i.e., virtual rep-
resentations or replica of physical products, systems, or processes,
offer promising avenues for reducing this footprint. In reality, these
opportunities are rarely fully explored and realised. While there is a
plethora of research into visualising energy consumption [29], most
of the focus is on the domestic, whereas the public and commercial
sector is relatively under-explored. The reasons for this are mani-
fold: the difficulty and complexity of stakeholder engagement [32];
the different drivers behind energy managers’ work [15], making
it more difficult to design for [2, 28]; and challenges in the design
process that ask for more fundamental rethinking [1, 17].

Many of those challenges we have experienced first hand, as we
have conducted our own research in the broader field of sustainabil-
ity and energy management in various projects over the last 5-10
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years with a range of stakeholders and data sources. In our most
recent project, dubbed Net Zero Insights!, we aim to analyse exactly
the sort of complex multi-building data to gain insights into how
organisations can reduce and transform their energy consumption.
We aim to provide tools for them to make more informed decisions
using contemporary statistical and computational techniques, to
help arrive at a more sustainable future. Our approach includes
an interdisciplinary team and data from a range of sources, both
qualitative and quantitative. In the process we have encountered
many unexpected roadblocks that slowed down our efforts. In this
paper, we revisit some of these problems to highlight the limits of
energy management research and share our lessons learned with
the LIMITS community.

In particular, we focus on the barriers to conduct work in our
own core discipline, user experience (UX) and HCL One of the
initial goals we set was to explore the current practices and tools
being used, and redesign them to better help triage the growing
volumes of data, making repeated analysis to find energy savings
more tractable. For this, we worked closely with stakeholders, in-
cluding energy managers and facility managers, who oversee the
installation, configuration, and maintenance of energy-related in-
frastructure. In this paper, we focus on our work with the campus’s
energy data, as it is most comprehensive, our relationships are
most developed, and thus our experiences are as holistic as pos-
sible. We outline our approach and the obstacles to reaching our
desired outcomes, in particular problems around data sources and
quality, and how these have translated into challenges for the pro-
totyping process so vital for our HCI practices. We finish with a
series of suggested strategies for future researchers engaging in
this space how to tackle the domain appropriately. Our key take-
aways for research into energy management are to (1) embrace
interdisciplinarity and participatory design, (2) design iteratively,
(3) create known valid subsets of real data for prototyping and
demonstrations, (4) use stakeholders’ existing tools if possible, and
(5) empower users and foster critical thinking. While the takeaways
at this high level would be reasonable guidelines for many projects
across domains, Section 5 describes how they unfold in not-always-
obvious ways during the prototyping of energy dashboards. We
also want to emphasise that we use the term “fake data” in this
paper as a synonym for synthetic data—as opposed to data that is
deliberately misleading (as could be assumed from the connotation
of the word in fake news).

2 BACKGROUND & RELATED WORK

In non-domestic and commercially managed environments such
as office buildings, energy settings are usually maintained by a

!https://www.net0i.org/
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central organisational facility, commonly referred to as energy
managers or facilities managers. These types of roles typically have
several responsibilities, including maintenance and adjustment of
infrastructure to deliver gas, water, heating, and electricity reliably
and affordably to their estate. Modern technology, such as sensing
and controlling units, displays, feedback mechanisms, controllers,
and automation, are of crucial importance for those stakeholders to
make informed decisions and go about their daily responsibilities.
As Beucker and Hinterholzer noted, ICT can play an important
role in helping create a more sustainable future, such as towards
decarbonising buildings [3, 4]. Deploying sensors meaningfully in
those buildings [25], as well as being able to monitor and analyse
collected data [27] is an important effort to better support such
objectives.

Data collection at LIMITS has so far mostly looked at the ur-
ban scale, such as Hamm’s collection of civic data to improve air
quality [18], or Bhardwaj et al. [5] and their insightful lessons on
data curation for city-scale data collection, pointing out the impor-
tance of a rigorous design process that takes the community on
board to enable user empowerment. Ringenson et al. [34] report
on the limits of a smart sustainable city, concretely the difficulty of
implementing and maintaining digital infrastructure—a key issue
that we observed in our work on the building and organisational
scale as well, and also discussed more broadly for technology in
general at LIMITS (e.g., Rasoldier et al. [31]). And in a study of
water consumption specifically, Pargman et al. [28] highlight the
complexity of designing ICT for data collection and analysis pur-
poses, in particular the complexities of design, and the different
views of stakeholders, including policymakers.

Engaging with policymakers is an important aspect when con-
sidering the design of ICT for building systems management, as
energy managers are often pulled in different directions by try-
ing to create more comfortable surroundings for the inhabitants
and users of buildings, sometimes in direct response to handling
complaints. They are often underresourced and at the same time
are under pressure to save money (e.g., Goulden and Spence [15],
Beucker and Hinterholzer [2]), especially in the recent global en-
ergy context. This comes as no surprise as the training of energy
managers and the general guidelines for starting investigations
into energy use often starts with translating energy consumption
into money spent [16]. Therefore, research into how to navigate
the landscape of policymaking is vital to gain an understanding
of the complexities and limitations [23], including the less visible
implications of so-called invisible energy policies [14, 35], which de-
scribe non-energy policies with unacknowledged or insufficiently
acknowledged impacts on energy demand. This is the complexity
of designing for energy managers; there is more than one party of
stakeholders involved, often competing goals and limited resources,
and important research includes stakeholder engagement as well
as organisational decision-making [32, 39].

An early survey by Pierce et al. [29] provides an overview of
eco-feedback visualisations, although the focus here lies within the
domestic context. This is a trend that continued into more recent
research, where efforts into public contexts can be found, such as
thermal comfort in managed apartments [12] or studies of the indi-
vidually perceived differences of thermal comfort [11], but a major-
ity of the work remains focused on the home (e.g., [20, 21, 36, 40, 41].
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One reason for this might be that studies of energy management in
larger organisational contexts encounter a multitude of additional
complexities and challenges not normally found in the home [1, 22])
or are work in progress [10, 37]. Most recently, Gregg and Strengers
questioned the usefulness of common dashboard designs for energy
management [17], and the LIMITS community has put forward
more general design guidelines for ICT for sustainability [7, 42].
Our work aims to build up on those lessons learned and, based
on our own experiences, provide concrete recommendations for
the LIMITS community how to more effectively engage with and
design for energy stakeholders.

3 OUR WORK WITH ENERGY MANAGEMENT
STAKEHOLDERS

A major part of the work in this paper stems from observations
made in our project Net Zero Insights. The goal of this project has
been to analyse statistical data regarding energy demand in non-
domestic buildings of organisations at a larger scale and generate
insights in how to reduce energy consumption towards Net Zero.
While we have several commercial stakeholders as partners, we
will focus in this work on the data we know best from the Lancaster
University campus, coupled with unique insights from facilities
and management from our long-running collaboration with energy
managers on this estate.

Over the past decade, the campus system has seen several changes
and updates in technology to sense and control energy supply and
demand, as well as the usual cycles of change in maintaining any
large and complex estate infrastructure [9]. This means that there
are buildings from the foundation of the campus in the 1960s to
complete new-builds. Many of the older buildings have seen a retro-
fit/refurbishment and several changes of use with the ebb and flow
of organisational evolution at some point. While there is a central
district heating system, it does not feed all buildings, sometimes due
to “value engineering” (i.e., minimising costs) preventing connec-
tion to it as new buildings are built and delivered. There is no single
standard across all buildings for energy-related infrastructure, be it
radiators, vents, insulation, or sensors, although generally newer
buildings have a higher density of in-built sensing and metering
than older estate. Building standards, like the buildings themselves,
also evolve over time affecting the construction and performance
of each building. Similarly, much of the technology behind the
sensing infrastructure to log, capture, and process any resource
consumption data or other building information has been installed
and updated over the decades as new technology becomes available
and old technology becomes obsolete or is no longer supported
or meets modern constraints (e.g., for cyber-security or network
capability). To further complicate the sensing landscape, various
projects by either the facility management or associated research
projects across different University groups have started to deploy
new concepts, and not always finished to a state that is robust
enough for years of maintenance by the facilities teams. Certainly,
extensive use is made of external contractors, and even the core
staff involved often move into new roles or new employment over
time; so the knowledge concerning these projects is often lost. This
has resulted in a piecemeal of heterogeneous infrastructure and
data, making it difficult to navigate and maintain, or even fully
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understand. While this is to some extent exacerbated by the fact
that the organisation is also simultaneously a teaching and research
facility, offices, shops, and accommodation; we know from conver-
sations with energy stakeholders in the commercial sector that it is
not unique and this kind of inconsistency and difficulty to arrive
at a streamlined energy data solution is a common occurrence in
energy systems environments.

To better understand this difficult landscape within the organisa-
tion and arrive at insights towards energy savings for the project as
well as other research work carried out by the authors, we engaged
in a series of qualitative and quantitative data gathering activities.
This entailed interviews, focus groups, surveys, and observations
across the campus site and with stakeholders on all levels of the or-
ganisation, from higher-level management, to facility managers and
engineers, to supporting and research staff frequenting the build-
ings. All activities were carried out in a mixed-methods approach
depending on the nature of enquiry, from in-depth interviews, in-
formal coffee chats, or even just emails and instant messages. As
part of the first author’s PhD work, a series of expert interviews
were conducted to gather different stakeholders’ perspectives on
and experiences with digital interventions for energy savings, in-
cluding the use of energy data, interaction with building occupants,
and the tailoring to the existing digital infrastructure. Building on
this work, another study focused on the impact of COVID-19 on
the overall energy consumption of the campus, researching the po-
tential for energy savings in changing people’s behaviour. Besides
quantitative analyses of both campus-wide and building-specific
energy data, this study also involved a focus group interview and
energy data visualisations annotation exercise with experts.

3.1 Examples of the problematic data

Among the various data streams, one that we focused on was high
frequency meter readings?. This data comprises consumption of
electricity, heating, gas, and water supply sampled as time-series.
This totals to longitudinal data from almost 1,500 meters, with a data
point supplied every ten minutes. Some meters report their results
in rate format (count of energy units used per unit time), while most
yield cumulative readings of the count of total units used since some
starting point. For analysis purposes we turn cumulative data into
rate data ourselves. One commonly used approach to do this, also
supplied as a built-in mechanism in most dashboards and building
management systems, is to calculate the “non-negative difference”,
i.e., subtract the current from the previous reading for each data
point to get the change in energy use for each time step. While in
theory this works great, real-world energy data provides plenty of
unexpected data challenges. Firstly, energy data is rarely clean since
it relates to complex real-world networked infrastructures, with
significant opportunity for error. For any gaps in logged data, the
non-negative difference naturally is significantly higher (the higher
the longer the gap between readings), resulting in large spikes in
the data. It is not straightforward to distinguish these unintended
spikes from “real” outliers such as a peak in electricity consumption
(cf. Blazquez-Garcia [6]).

An example for this can be seen in Figure 1, which shows a typical
line graph of energy consumption of a single campus building (in

2e.g., from data loggers such as https://synetica.net/datastream/
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kWh). This problem is even more complicated for naturally non-
monotonic readings such as water use that naturally spike based on
demand and patterns of use, making it more complicated to detect
outliers based on extreme values. While solutions exist to condition
the data and look for outliers, these can require manual intervention
and data treatment, such as storing information about identified
gaps in a separate database and removing the first value following
any gap in the transformed data stream. However, due to the sheer
size and quantity of data (thousands of channels, millions of data
points) such processing can introduce delays in returning from
API or database calls, causing lags and a reduced responsiveness
impacting UX; not even talking about the inevitable potential for
error for any manual data cleaning process. This is also just one of
many issues in the data pipeline; others are that sometimes loggers
hit their limit and “roll over”, e.g., after reading 99999 the next
value returned is 0, or numbers from loggers communicating via
serial protocols might be truncated due to communication errors
resulting in a series of data points resembling this: 3415, 3416, 34,
3418. And this is just the tip of the iceberg!

Another problem with energy data and its use arose in one of
our user testing sessions. One of the commonly requested views of
energy consumption is to normalise it based on the size of the build-
ing, e.g., divide energy consumption by square meter/square foot of
the building (totalled across all floors) to look at the ratio between
energy use and area comparatively. In a hackathon-style activity
we did this to show to the relevant stakeholders, see Figure 2. The
discussion that followed was not as we intended around the in-
sights gained from seeing this graph of the building’s performance,
or centred on the visualisation format (which was a fairly “quick
hack” prototype)—instead, the focus became entirely about find-
ing out why one building was topping the charts (an unexpected
outlier by an order of magnitude). To some extent there was an
“insight” generated from this, as the outlier had gone previously
unnoticed. It was clear that this was an outlier though and con-
firmed by the energy manager because the building is one of several
similar buildings and all readings show similar patterns, just had
not been investigated before in such a comparative manner. Due
to the sheer amount of data pulled from various sources into this
graph, it was not trivial to identify the possible source of the error.
What followed was an investigation into the past of the associated
logger and whether it was faulty (failing, badly calibrated, a data
pipeline or software issue, etc.; a conclusion has yet to be made
at the time of writing). From an HCI perspective—an unfulfilled
prototyping session regarding potential UX lessons learned!

3.2 Goals and ambitions

An important point to emphasise are the different goals of parties in-
volved on either side of this project. We, as sustainability-motivated
researchers, are interested in saving energy, and so are the energy
management stakeholders. However, the underlying reasons could
not be any more different: our interest is in helping create a more
sustainable future, and be able to share the road to this future with
a wider audience of academic and energy stakeholders to then
hopefully adapt and benefit from our learnings as well. A bit of a
caricature, but energy managers also seek savings—but have a clear
responsibility first and foremost to keep services running and to
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Figure 1: Line graph of raw energy consumption of a typical building. The spikes in August 2021 and 2022 come from outages,
elevating the first reading after the loggers came back online. The spikes in April 2019 are from errors in the data pipeline.
Removing such faulty readings is not always trivial and difficult to automate, and in less obvious instances those spikes are
hard to differentiate from other anomalies; but without removing such spikes, the real data is almost uninterpretable as it

results in a flatline.
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Figure 2: Overview of energy intensity of a typical day’s con-
sumption, in KkWh normalised over square meters. The top
meter shows an outlier, presumably due to an erroneous
logger, dwarfing other results, even making some buildings
appear to have zero values, and derailing the discussion dur-
ing user testing.

save money. This is not because they are cold-heartedly or narrow-
mindedly focused on nothing but monetary savings, but simply
because it is often their most important job requirement as set by
their superiors, and core to their training for the role. The energy
consumption of large institutions, such as a university campus, is so
massive that even tiny percentage savings can result in significant
financial savings, making room to invest in other improvements to
the estate. In particular during the energy crisis, saving money on
energy spending became crucial for businesses to stay viable.

That said, many energy managers also see it as their goal to
make changes towards a more sustainable future and may well
have ambitious longer-term plans to decarbonise their estate, re-
quiring significant investment and programmes of infrastructure
change. In particular for businesses, it becomes more and more im-
portant to not just save money, but also take initiatives to save the
environment, e.g., as part of the environmental reporting guidelines

for publicly traded and other large companies?.

4 PROTOTYPING CHALLENGES

During our work on energy dashboards, and in particular with
energy managers, we encountered the following six key challenges:

(1) Energy managers do not always know what they need
but often have urgent priorities. It is commonly known in HCI
that users do not necessarily know what they need or want [26];
a consideration that is reflected in the infamous quote attributed
to Henry Ford: “If I had asked people what they wanted, they would
have said faster horses”. The same applies to energy managers, who
might not “have room” to think beyond the strategies they are
currently deploying or may have somewhat idealised expectations
regarding the extent to which energy data and dashboards could
support their work (not least promulgated by software companies
high on promises eager to sell them digital solutions!). Across our
research studies, we have observed a tendency among some energy
stakeholders to (incorrectly) believe that taking the human “out of
the loop” is key to solving their problems, leading them to focus on
tuning building parameters and restricting the control available to
occupants. One stakeholder even argued that occupants “could be a
problem” for successful energy system automation. What adds to
the challenge is that energy managers might not fully or accurately

3https://www.gov.uk/government/publications/environmental-reporting-guidelines-
including-mandatory-greenhouse-gas-emissions-reporting-guidance
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understand the problems they are facing based on the data alone.
In one instance, unusual meter readings in an office were not as
it first appeared due to technical difficulties with the sensing, but
rather to the operation of a new high-performance workstation
with GPU accelerators paired with the occupant’s preference for
high office temperatures; in the absence of this important contextual
information, those who are responsible might invest in digital tools,
data, or strategies to then find that they cannot solve this underlying
problem through the application of more technology.

(2) (Accurate) data might not be available. Energy dashboards
and other digital solutions depend on high-quality data—which of-
ten is not available. Among the problems we encountered were
the inconsistent formatting of data, a large number of missing data
points due to an unnoticed database storage problem, as well as
the non-existence of relevant datasets (see above). What makes
this challenge even more profound is that scale of the required
data grows proportionally to the size of an estate and the assets
that are contained within it (e.g., controllable devices, measurable
things). Secondary data such as weather data is also required for a
range of energy management analyses such as degree day analy-
sis, a technique for understanding energy required for heating or
cooling from outdoor temperature to a given setpoint temperature.
The building management system (BMS) on our Lancaster Univer-
sity campus, for example, collects about 70 million data points per
month; including other, non-BMS sources those add up to over a
billion data points every year. For such a large amount of data, a
simple outlier removal script does not exist; and if it did, it would
likely run over a long period of time, and its results would be al-
most impossible to verify for accuracy by hand. Assuming that a
verified format of the required data exists, its inaccessibility can
pose another problem: across our studies, we were confronted with
difficulties relating to limited data storage, failing pipeline compo-
nents, formatting and configuration errors, mislabeled data sources,
surprise network configuration and IP address changes, and cycling
of dynamically assigned universally unique identifiers (UUID) to
data loggers that change over time (e.g., if a device reboots or after
a power outage). All of these challenges must be resolved before it
becomes possible to even start testing any off-the-shelf solutions
or external scripts.

(3) Synthetic data leads to “synthetic” results. As outlined
above, real-world data can be unavailable, inaccurate, and is nor-
mally complex to understand and explain. To limit the negative
consequences of this challenge, is it common practice to use syn-
thetic data, also informally referred to as fake data, for the design
and evaluation of dashboards and user interfaces (UIs), meaning
that the data has been artificially generated rather than taken from
real-world sources [30]. For our energy research we also tried adopt-
ing this approach. However, while the availability of synthetic data
enabled us to present dashboard prototypes to our stakeholders,
we had to acknowledge its limitations in allowing the stakehold-
ers to give us useful feedback. Similar to how unspecific prompts
in interviews (e.g., “Please describe a typical week.”) often lead to
responses that reflect memorable highlights or socially desirable
practices, synthetic data in dashboards gathers results for an ide-
alised, but non-existing environment. To counter response biases,
prompts, questions, and data need to be precise, trustworthy and
contextualised—for interviews and dashboards. This is especially

LIMITS ’24, June 18-19, 2024, Online

relevant as small changes in energy consumption or generation can
indicate larger problems or trends, which need to be interpreted
carefully. For example, when analysing the impact of COVID-19
lockdown measures on the electricity consumption of selected cam-
pus buildings, we found the maximum drop in energy demand due
to the absence of building users tended to be between 20% and
23%. In comparison, the realistic impact of digital or behaviour
change interventions supported by energy dashboards (outside
of lockdown periods) are thought to be significantly lower than
this, and thus relatively small compared with “always on” equip-
ment relating to teaching and research—which should lead to more
fundamental questions about what is driving energy demand [14].
The generation of synthetic data often relies on assumptions and
simplifications, which itself introduces biases that do not reflect
real-world conditions. For example, if the synthetic data is based
on the assumption that energy consumption patterns are uniform
across different campus buildings, it might not accurately represent
the diversity of actual energy usage (which depend on a variety of
factors, including building characteristics, policies, mixed building
uses, and occupant behaviour). Synthetic data fails to capture such
nuances, leading to inaccurate insights and, eventually, unusable
dashboards.

(4) Dashboard data is often not put into real-world organi-
sational context. When a suitable energy dataset for a dashboard
prototype has been identified, this immediately gives rise to yet
another challenge, i.e., the lack of data contextualisation within the
prototype to help explain it. The majority of energy dashboards,
including ours, only display quantitative data, e.g., energy con-
sumption, cost, and efficiency metrics. While such data is crucial
for tracking performance and identifying consumption trends, its
presentation in isolation without relation to the broader organ-
isation context can be problematic, as we have repeatedly seen
stakeholders struggle to interpret the significance of the patterns
in the data they are presented with. For instance, a dashboard dis-
playing a spike in energy consumption might prompt investigation,
but often needs contextual information such as external weather
conditions, operational or practice changes, new building uses,
without which the underlying cause of the possible anomaly will
likely remain unclear. From an HCI perspective, the lack of explicit
contextualisation also means that the needs of building occupants
can get overlooked—which can lead to frustration for them and,
ultimately, unexpected ways of them trying to regain control, e.g.,
using electric heaters within their offices, even though they are
not supposed to. This is not to say that the contextual information
necessarily does not exist somewhere in the organisation, it just is
not typically recorded and integrated within the dashboard or may
not even be formally or electronically recorded in an accessible way.
We have seen a lot of relevant knowledge being held informally in
e.g., energy managers’ heads, stand-alone Word and Excel docu-
ments, or being distributed across “notes” columns of spreadsheets
in unstructured ways. This knowledge is critical for the accurate in-
terpretation of energy data but often is only available to a select few
who are well-integrated into their organisations and departments
and have worked there for significant time periods. What follows
is that when such a staff member leaves, their in-depth knowledge,
i.e., contextual information, is usually lost as well.
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(5) Dashboard integration often remains an afterthought.
Once a stand-alone dashboard has been designed and developed,
it can be difficult to meaningfully integrate it with existing digital
tools, systems, and databases on the one hand and workflows and
business processes on the other. For this reason, it is important to
understand the landscape of systems and workflows that are used
in the stakeholders’ organisations, and to develop a realistic plan as
to how the energy dashboard will fit once it is ready to be deployed.
This thorough integration increases the stakeholders’ ability and
thus likelihood to use the dashboard for their everyday work while
enabling them to better interpret the data. For example, when they
stand alone, the bar charts of an energy dashboard that compare
buildings with concrete line graphs of meter readings for a certain
time period can be difficult to make sense of. But combined with, for
example, a map that allows the user to “zoom in” and “zoom out”,
see other meters of similar days in surrounding buildings, or during
other days/weeks, it becomes possible to understand if an insight is
just an anomaly, outlier, or even just broken data. This also became
obvious during one of our user tests, in which we showed selected
buildings: the energy manager struggled to identify similarities
as the visualisations were static rather than dynamic, connected,
and coherently linked. Only integrated dashboards will fully allow
their users to understand the complexity behind the consumption
patterns they see; and the more seamless the integration with their
current tools and working practices, the less resistance can be
expected from the user group—who understandably are rarely keen
to deviate from their organisation’s digital ecosystem, their work
routines, and established business processes.

(6) Stakeholders have surprising faith in digital tools with-
out necessarily evidence of success. During our work with en-
ergy managers, energy consultants, and those responsible for en-
ergy policy, we have often been met with visualisations, dashboards,
and Excel spreadsheets. This seems to be the default starting point
for this collection of stakeholders. Their lens is one of accounting
for energy and cost, and related key-performance indicators (KPIs),
which can lead to a particular chain of enquiry, focusing on num-
bers supported by fact finding visits. In addition, a majority of the
stakeholders we have worked with are often surprisingly optimistic
about the energy-saving potential of digital efficiency-related in-
terventions, in particular energy system automation, as a key to
solving their problems. They often imagine a future in which these
interventions are used to seamlessly save energy without as much
manual intervention as their current systems require. While such
interventions undoubtedly have the potential to improve the energy
efficiency of the systems they are intended for, the experts’ vision
does not seem to relate to actual positive real-world experiences of
such technologies. In fact, evidence of the efficacy of these seems
rather thin on the ground. Many stakeholders even directly report
acute challenges with regard to past digital efficiency projects; these
challenges range from the regularly required maintenance and high
risk of failure to insufficient data storage, lack of staff training,
and difficulties interpreting the data. But these experiences do not
seem to lower their faith in technological solutions. One of them
described it as follows, ‘T mean my idea is [...] that we would be able
to tie everything together, to room booking, to occupancy, to sensors
[...] all done without really anyone intervening with it. I'd like to
think we can get to a point as well where we predict a building.” This
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somewhat optimistic stance aligns with a well-established concept
in the literature that describes the unjustified belief that technolog-
ical progress will fix existing problems [24]. While dashboards are
not equivalent to algorithmic controls or necessarily engineered
solutions, the data they display can be inaccurate, incomplete, com-
plex, and hard to interpret, and so it will be essential to encourage
critical reflections among their users.

5 SUGGESTED STRATEGIES

In order to tackle the six key challenges outlined above, we propose
the following strategies for the design and evaluation of energy
dashboards; an overview of recommendations is also provided in
Table 1.

Do Don’t

« Assume users know what
they need

« Carry out participatory
design

» Design iteratively to meet
requirements

« Gather feedback only from a
vocal minority

« Base user studies on
synthetic data

« Create subsets of real data
for prototyping

» Make use of easy-access « Leave dashboard integration
tools until the end

« Empower users and foster
critical thinking

« Ignore stakeholders’
different objectives

Table 1: Overview of recommendations for the design and
implementation of energy dashboards.

(1) Embrace interdisciplinary research and participatory
design. While this has been a well-established pillar of many suc-
cessful HCI projects [19, 38], we want to highlight it again in this
context because it is critical: we need to bring stakeholders of all
levels on board early on and keep them engaged during the design
process; this includes energy managers as well as people higher
up in an organisation’s hierarchy, such as C-level managers, pol-
icymakers, directors, but at the very least the line managers that
energy managers report to. This approach will drastically improve
the chances of having a direct line to policymaking impact and
the needed backing to ensure such systems are integrated and sup-
ported longer-term. However, it is equally important not to forget
the people below the management, e.g., the engineers working for
energy managers, occupants, people living in or frequenting the
buildings that are being analysed. A third group of people who
need to be included are data scientists and analysts, who can help
make sense of the data; what should be kept in mind is that their
goals in creating dashboards are often fundamentally different (i.e.,
they are looking for statistical insights such as change points and
anomalies). Their expertise will be needed to confirm the quality
of the data, clean, and access it. And above all, rather than sim-
ply recruiting them for individual studies, it is advisable to include
them as participatory design members for a truly democratic design
process [8].
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(2) Design iteratively based on verified requirements. There
are many steps to be done here: first, we need to acknowledge
that it needs an HCI understanding of investigating what is really
needed rather than straight up implementing the concrete desires
as hurriedly expressed by the stakeholders (as described above, the
complexity, lack of contextualisation, and use of synthetic data in
dashboard prototypes can make it difficult for users to articulate
what they need). With this in place, feedback should be gathered
early and repeatedly (we found that many people will be hesitant to
share their thoughts—or it may be politically sensitive to do so; or
sometimes it is a vocal minority who engages in that process), and
then implemented properly. As is the case in many HCI projects,
an iterative design cycle is required as the first prototype is rarely
the best solution.

(3) Create subsets of real and credible data. To avoid the
distraction or even deception of users by synthetic data, real data
should be used whenever possible. As many organisation will not
have complete sets of accurate and cleaned data available for all time
periods, we advise selecting relevant subsets that fulfil those criteria.
This might mean to focus on shorter time frames, verified energy
meters, or to identify periods of (seemingly) fault-free meters for
prototyping. This way, researchers can have confidence in the data
they display and the users’ attention can be directed towards the
tools/dashboards they are evaluating rather than the errors in the
data. If the objective of the study is to identify outliers, patterns etc.,
we would recommend to add them afterwards and start with a test
run with more regular data to ensure that the design of the tool or
dashboard is based on data points that are not outliers, rather than
on an incoherent dataset. Afterwards, additional subsets could be
included that contains anomalies or outliers if searching for those in
the visualisations is a desirable part of the user testing. This requires
having a subset of the data ready to pipe into other tools, such as
via CSV downloads or sample API calls, to be able to quickly get
data for a prototyping session. The idea is, similar to hackathons, to
have a working subset of data available that researchers can flexibly
deploy (c.f., GreenHackathon?); once they are done prototyping or
have confirmed that their tools work as intended, they can always
add more real data and start dealing with gaps and errors.

(4) Use easy-access tools. A key concept behind prototyping is
to create versions that are easy to change and adapt, and a strategy
to achieve this is to use tools that already exist and try to amend
them. For example, if an organisation uses power BI, Grafana, or
a Jupyter notebook based dashboard, it can be helpful to make
changes to those and start prototyping from there. This has the
benefit that researchers do not get caught up in the process of
establishing a new data pipeline or trying to fit data into a shape
that is not compatible with current working practices and tools. At
the same time, it has the benefit that it lets energy managers or
other stakeholders relate to parts of the digital infrastructure that
they are familiar with, to then focus on the changes and overcome
the novelty effect. Using easy to access tools allows researchers
to gather relevant feedback from working with real data. In other
words, researchers should make use of existing tools as much as
possible and innovate only the part they really want to test on, i.e.,
avoiding the temptation to try to change everything for users!

“https://www.greenhackathon.com/
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(5) Empower users and foster critical thinking. Interpreting
energy data accurately requires critical thinking skills, and while it
can be difficult to look beyond the objective appearance of quanti-
tative dashboards, users need to understand that consumption data
does not stand alone. Here, researchers should encourage users
to not blindly trust what technology presents them with, but to
question it. Similarly, users should be encouraged (and enabled) to
share and record contextual information and informal data and ob-
servations, so this can be integrated into the dashboards and shared
within the organisation. There should be a central location where
it can be stored, updated, and accessed, to avoid misinterpretation
of consumption data and a situation in which staff members take
relevant knowledge with them when they leave the organisation.
Good design can help to encourage sustainable practices like these
and simplify the process of exchanging contextual information. We
are in progress to work on such a contextual storage solution, for
example using ontologies [33].

6 CONCLUSION

Dashboards are a useful utility for viewing summary data and en-
ergy management analytics; they can offer forecasts and help signal
about the quality of the energy system. However, their clean, fac-
tual appearance can easily conceal the complexity and uncertainty
that are inherent to energy data, systems, and consumption prac-
tices, conveying a sense of objectivity and robustness that does
not in fact match the reality. If we have learned one lesson from
our research then it is that working with energy data is as im-
portant as it is messy. At each step of the process—including data
gathering, storage, recall, visualisation, and interpretation—a num-
ber of challenges await. This is not to say that researchers should
avoid working with energy data and dashboards—understanding
and reducing energy demand is a critical challenge, but that we
need to reduce and communicate complexities to maximise useful
engagement. There are clear limits to the degree of complexity that
can be meaningfully handled at any given time and it has proven
easier to gather data than it is to handle it meaningfully, so we
must find the right balance of reducing it while not oversimplify-
ing things. In order to achieve this, we have found that limiting
the scope of datasets and novel technologies while deepening the
engagement with users can pave the way towards usable, useful,
and contextualised energy dashboards.
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