
aalborg university

10th semester informatics, master thesis

Understanding Flexible Electricity
Consumption in Domestic Households

Authors:
Dennis Kim Lund
Michael Kvist Nielsen
Tue Hald Madsen

Supervisor:
Jesper Kjeldskov

June 10th, 2014





10th Semester Informatics, Master Thesis

Title: Understanding Flexible
Electricity Consumption
in Domestic Households

Project period: February 3rd 2014 -
June 10th 2014

Project group: i101f14

Education: Informatics

Group members:
Dennis Kim Lund

Michael Kvist Nielsen

Tue Hald Madsen

Supervisor: Jesper Kjeldskov

Page count: 43 pages
Appendix count: 211 pages

Hand in date: June 10th 2014

Abstract:

The focus of this master thesis is
on empowering consumers to move
their electricity consumption. We
present our work in two articles.

In the first article, we present
the design and implementation
of FlexiViz, a flexibility-enabling
eco-feedback display. The purpose
of this display is to make users
reflect on their electricity usage and
consider the possibility of moving
consumption.

In the second article, we present a
study of consumers’ understanding,
motivation and interests towards
moving electricity consumption
within domestic households. We
use FlexiViz as a technology probe
to facilitate discussions about
flexibility and moving usage on
appliances.

We conclude this master thesis with
proposals of how to engage users to
move electricity consumption.

The content of this report is freely available, but publication must include references.





Resumé

The most common approach within sustainability is to conserve electricity by bringing
down overall consumption. Conserving electricity is still of importance, however, it does
not solve the problem of simultaneous use of electricity, which is referred to as peak
demands. To overcome or reduce the peak demands, it is necessary for the consumers to
move their electricity usage to other times of the day, where the load on infrastructure is
low or there is a high availability of green energy. Moving electricity consumption and to
reduce the simultaneous demand of electricity is in the literature referred to as flexibility.

Exploring the field of flexibility is needed as we do not yet know enough of consumers’
motivation, interests and understanding of flexibility. In this project, we focus on
empowering consumers to move their electricity consumption. We present our findings in
two articles.

The first article presents the design and implementation of a flexibility-enabling
eco-feedback display designed with the intent of showing information related to moving
electricity consumption. The intention of the design is not to create a polished or
commercialized system, but rather to use it to probe users. We call the system FlexiViz.
The design of FlexiViz is created, so that it shows flexibility related information, which
includes forecasts about the price of electricity, the availability of green energy and the
load on infrastructure. Three domestic households evaluated the display for 10 weeks.
Our findings indicate that some of the views were used more than others and that users
preferred an overview of when to move electricity consumption. We also found that users
forgot that they had postponed usage on some appliances with the intent of moving
electricity consumption, because of limitations in the design. We discussed the amount
of information that was needed, if FlexiViz was going to be useful as it would seem that
too little information was less useful for the users. Furthermore, we argued that the
design should evolve to fit user needs to be useful in the future.

The second article presents a study of users’ understanding of and motivation for moving
electricity consumption. We use FlexiViz, the system presented in the first article, as a
technology probe to facilitate discussions about flexibility. It was deployed for 10 weeks
in three domestic households. We conducted a total of 12 in-home, semi-structured
interviews in iterations where parts of the system were introduced gradually. Our
participants stated that it was difficult to move electricity consumption, because it
required them to reflect upon and move daily interconnected routines. We discussed that
to be able to move usage would require the users to acquire new routines, which required
a strong motivation, which participants stated to be an economic benefit. We found that
the usage of appliances used in activities which can be planned, have a greater potential
for being moved. To support moving electricity consumption, we argued that consumers
should have supporting technologies built into appliances. We discussed that future
technologies should support automation, while enabling consumers to make an active
choice to move electricity consumption.
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1 Introduction

In the last decade the amount of HCI research in the field of electricity consumption has
increased. The production of electricity still depends on fossil fuels despite an increase
in green energy utilization. As fossil fuels are pollutants and a limited resource, this has
increased the interest in sustainability research.

Reducing Domestic Electricity Consumption

Domestic households are an especially interesting field of research due to the large share
of electricity consumption taking place there. Gram-Hanssen points out that one third of
the electricity consumption in Denmark takes place within domestic households [1]. In
an average Danish household the electricity consumed for cooling and freezing uses in
average 25 % of a households total electricity consumption, and standby appliances
account for 8 % of the total usage in average [1]. As population grows and the number of
electricity consuming appliances in households increases, a solution is needed to deal
with the increasing amount of electricity consumed. Two different solutions come to
mind to solve the problem: Conservation and flexibility.

To conserve electricity consumers need to limit the use of existing electricity consuming
equipment or invest in new electricity efficient appliances. From the consumers point of
view the primary motivation factor is saving money. An additional benefit of conserving
energy is that it also reduces the environmental impact. To get the consumers to conserve
electricity they need a certain level of awareness of their electricity consumption behaviour.
From a electricity suppliers point of view, electricity conservation reduces the overall
load on the infrastructure and thereby reduces CO2 emissions. Conserving electricity
is important, however, it does not enable electricity suppliers to move away from fossil
fuels. Because of the increasing population and increase in the number of devices, the
simultaneous use of electricity results in peak demands [2, 3].
Denmark has previously been self-sufficient with electricity for many years [4]. Denmark
has lately been focusing on wind as a potential replacement for fossil fuels and numerous
wind farms have been established to produce electricity. However, as a result of shutting
down one third of the power plants, Denmark is not self-sufficient during peak demand
periods, unless there is a high availability of wind energy. Previously the need for importing
electricity from neighbouring countries was limited to a few weeks a year. However, lately
the increased demand has resulted in electricity import every week [4].
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Moving Domestic Electricity Consumption

To overcome or reduce the peak demands it is necessary for the consumers to move their
electricity usage to other times of the day. Moving electricity consumption and to reduce
the simultaneous demand of electricity is in the literature referred to as flexibility [2, 3] or
peak shaving [3]. Flexibility is another way to address the problem towards making the
consumers more sustainable, but instead of conserving electricity, users can simply move
their usage to achieve a sustainable behaviour. Seen from a flexibility point of view there
are three ways to achieve a more sustainable behaviour through moving consumption.

1. Move Away from Peak Demand Periods

The electricity consumers can achieve a more sustainable behaviour by moving parts of
their electricity consumption away from the peak demand periods which often occurs
during the morning or evening. This in turn would allow for a much more reliable
distribution of electricity. The consumer should use the appliances when the load on
infrastructure is low (e.g. at night).

2. Utilize Green Energy

Another way to address the problem of peak demand periods is to utilize the available green
energy. This means that the consumer should move their consumption to times during
the day where the availability of green energy is high. The primary green energy source in
Denmark is wind energy, so consumers should be encouraged to consume electricity when
the weather is windy.

3. The Most Favourable Time

The two above mentioned ways to address the problem of peak demand periods are
useful, if the consumer wants to become more sustainable. However, the most favourable
time to consume electricity is when both conditions are met. This means that the
optimal time to use electricity is when the availability of green energy is high and the
load on infrastructure is low.

Expanding Infrastructure

Because of the peak demand periods the infrastructure supplying electricity to
consumers is under pressure. As the number of consumers is increasing, it is expected
that the load on infrastructure will increase in the near future. A way to solve this
problem is by expanding the infrastructure to manage flexibility. This transition requires
massive changes in the way it is structured. Morris mentions two problems with the
current infrastructure [5]. The first problem is that there always is an idle backup of
electricity. Power plants are always producing more electricity than is actually needed
with the purpose of being able to deal with sudden fluctuations. As a result, green
energy is often ignored because the production cannot be effectively predicted, which
means that a lot of energy is wasted. To solve the problem of overproduction, the
amount of idle backup electricity should be reduced. Morris suggests that this can be
achieved by using gas turbines as they are more responsive and have lower carbon
emissions than coal power. Gas turbines can generate electricity on sudden demand,
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effectively reducing the need for idle backup electricity. This in return makes utilizing
green energy much more feasible. The second problem is that the infrastructure is under
pressure during the peak demand periods. To solve this requires the infrastructure to be
expanded to cope with the increase in demand for electricity.

Hogan argues that two solutions to achieve a flexible infrastructure should be considered
[6]. The first is the expensive solution where Hogan agrees with Morris that
infrastructure should be expanded. This, however, is an inevitable consequence of an
increasing population. The second solution is the less expensive alternative, which
requires investments to ensure the development of tools to better forecast electricity
demand. Through this the value of various forms of flexibility can be explored. This,
Hogan argues, will allow for better predictions of the demand for electricity and thereby
effectively postponing expansion of infrastructure.

Flexibility-Enabling Technologies

The problem of peak demand periods can be addressed by enabling users to move their
electricity consumption to periods with limited load on infrastructure. Work in other
fields have had an approach of using automated technologies to sort the peak demand
problem. Such work includes the development of peak shaving algorithms to delegate and
control appliances that have been developed with the purpose of supporting automated
flexibility [7, 8]. This means that the users have to put a minimal effort into moving
electricity consumption. For example automating the dishwasher to run where it would
be favourable for either the production of green energy or the load on infrastructure.
Furthermore the work focusing on automating appliances for achieving flexibility have
been studied with a focus on quantitative data. The everyday life impact of the flexibility-
enabling technologies has therefore remained largely unexplored. The need to explore and
understand the impact of these technologies on consumers (e.g. motivation and interests)
is important for electricity suppliers when generating business models [9].

Approaching Flexibility

In this project we focus on empowering consumers to move their electricity consumption.
To do this we will create a system that contains flexibility related information with the
intention of making users reflect on their electricity usage and consider the possibility of
moving consumption. Furthermore we want to examine the consumers’ understanding (e.g.
motivation and interests) of moving electricity consumption. We argue that it is necessary
for consumers to have a basic understanding of their electricity consumption behaviour
to be able to move usage. Furthermore we argue that we do not yet have sufficient
understanding of how and why users interact with flexibility-enabling technologies. We
present the results of our study in two articles.

FlexiViz: A Flexibility-Enabling Eco-Feedback Display for Domestic Electricity
Consumption

The first article (see page 9) describes the design and implementation of an flexibility-
enabling eco-feedback display designed with the intent of showing information related to
moving electricity consumption. The intention of the design is not to create a polished or
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commercialised system, but rather to use it to probe users. We call the system FlexiViz.
The design of FlexiViz is created so that it shows flexibility related information on a series
of views. This information includes forecasts about price of electricity, availability of green
energy and the load on infrastructure. Early design sketches of FlexiViz can be found in
the Appendix.

Towards Domestic Flexibility: Empowering Consumers to Move Electricity
Consumption

The second article (see page 21) describes a study of users’ understanding of and
motivation for moving electricity consumption. We use FlexiViz, the system presented in
the first article, as a technology probe to facilitate discussions about flexibility. During
the study period 12 in-home interviews were conducted with participants. Transcriptions
of the interviews can be found in the Appendix.

The work presented in this report has been conducted as part of our master thesis in
Informatics at Aalborg University.
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2 Project Context

The work described in this report is part of an ongoing study of flexibility. This chapter
will give a brief overview of the project context and our previous work.

TotalFlex

Through this project we have been working with the TotalFlex project, which brings
together a number of the leading public and private actors of Smart Grid technology in
Denmark (e.g. Energinet.dk, Aalborg University and Nyfors). The project started in
2012 and ends in 2015 and is based on earlier research within the areas of Smart Grids
and Home Automation.

The HCI research unit at Aalborg University, which is involved in the TotalFlex project,
aims to explore the opportunities and limitations for flexible electricity consumption. As
electricity consumption is highly dependent on daily routines, it is difficult to change the
electricity usage behaviour of the consumers. In the future it is expected that we need to
become more flexible with our electricity consumption as the production of electricity is
getting more and more dependent on green energy sources (e.g. wind and solar). Through
studies of electricity consumption within domestic households, the HCI research unit aim
to identify and categorize consumption as flexible or non-flexible and subsequent explore
the use of flexibility-enabling technologies [10].

9th Semester

On our 9th semester we aimed to raise consumers’ awareness of their electricity
consumption. Our previous study ran over a period of 16 weeks. This resulted in two
contributions to this project. The first contribution was a system which were intended to
be used as a technology probe in this project. We named that system PowerViz. The
second contribution was findings towards what users preferred in a system that had the
intention of increasing awareness of electricity consumption. An interesting finding from
this study was that the participants preferred simple representations of their electricity
consumption, as multiple participants mentioned that it offered them a fast overview of
their electricity usage. It became a routine over time for participants to look at these
representations. The other parts of the system, which offered more detailed information,
were only used if something deviated from what was expected [11].

Based on findings from this study we will redesign and direct PowerViz towards a more
flexible usage scenario. We named the new system FlexiViz. By using FlexiViz as a
technology probe to facilitate discussions towards moving electricity consumption, we aim
to gain knowledge about users’ understanding of flexibility and their willingness to adapt
to certain conditions. Both PowerViz and FlexiViz is part of an ongoing longitudinal
study of flexibility. At the moment the study has run for 26 weeks. Participants in the
two studies are the same.
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Empowering Consumer Sustainability

The work in this report is concerned with consumers moving their electricity
consumption. Riche et al. argued that a three stage approach is required to change
users’ consumption behaviour. The three steps are raise awareness, informing complex
changes and maintaining sustainable routines [12]. The first step is to make consumers
aware of their electricity consumption, and to obtain knowledge about when and where
the consumption occurs. The second step is concerned with informing complex changes,
and this requires an extra layer to the systems in the form of additional information such
as context specific information. The last step focuses on maintaining sustainable routines
by keeping the users interested in the continued use of the systems by make it fit into the
home and evolve with the users evolving information needs [12]. In our 9. semester
project we worked with awareness. In this report we are concerned with the second step,
leaving the last step for further work.
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3 Article Summaries

In the following two chapters we present our work in two articles. This chapter gives a
brief overview of the two articles that relates to our research of flexibility.

FlexiViz: A Flexibility-Enabling Eco-Feedback Display for
Domestic Electricity Consumption

In the first article we present FlexiViz, a flexibility-enabling eco-feedback display. In the
last decade an increased amount of research in sustainable HCI has gone into conserving
energy and systems that support it. Research in other fields has taken an more
automated approach which often result in solutions that excludes human factors. The
impact of flexibility-enabling technologies has therefore remained largely unexplored.

We developed FlexiViz to create a platform for researchers to study human factors in the
context of flexibility. The design of Flexiviz is based on the two first steps of Riche et
al.’s three stages approach of creating sustainable behaviour: Raise awareness and
informing complex changes. To raise awareness we introduced electricity consumption
information. To inform complex changes we introduced forecasts and flexibility related
information such as electricity price, availability of green energy and the load on
infrastructure. FlexiViz was implemented as a web application for an Android tablet. It
fetches information from websites and a smart home metering system. The information
was processed on a central server and sent to the application that displayed them.

Three domestic households evaluated the display for 10 weeks. Through this period 12
in-home, semi-structured interviews were conducted. Our findings indicate that some of
the views were used more than others and that users preferred an overview of when to
move electricity consumption. We also found that users forgot to move electricity
consumption because of limitations in the design. We discussed the amount of
information that was needed if FlexiViz was going to be useful as it would seem that too
little information was less useful for users. Furthermore we argued that the design
should evolve to user needs to be useful in the future.
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Towards Domestic Flexibility: Empowering Consumers to Move
Electricity Consumption

In the second article we presented a study of user motivation, understanding and
interests towards moving electricity consumption. We used FlexiViz, a
flexibility-enabling eco-feedback display showing information related to moving
electricity consumption, as an technology probe for facilitating discussions about
flexibility with participants. FlexiViz was deployed for 10 weeks in three domestic
households. We conducted a total of 12 in-home, semi-structured interviews in iterations
where parts of the system were introduced gradually. Furthermore, interaction and
electricity consumption data was logged to support the interviews.

Our findings suggest that the learning curve into moving electricity consumption rather
than conserving energy is steep. Our participants stated that it was difficult because it
required them to move daily interconnected routines. We discussed that to be able to
move electricity consumption would require the users to acquire new routines. To be able
to move routines required a strong motivation, which participants stated to be an
economic benefit. We argued that electricity suppliers could introduce dynamic pricing
which could depend on either availability of green energy or the load on infrastructure.
We found that the usage of appliances used in activities which can be planned, have a
greater potential for being moved. To support moving electricity consumption consumers
should have supporting technologies built into appliances. We discussed that future
technologies should support automation while still enabling consumers to make an active
choice to move electricity consumption.
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4 FlexiViz: A Flexibility-Enabling
Eco-Feedback Display for Domestic
Electricity Consumption
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ABSTRACT
The concern for the environment has increased during the
last decade. A general focus has been to reduce electricity
consumption. The reduction of electricity usage is still
of importance, but does not solve the problem of peak
demands. Another way to address the problem could be
for the consumer to move electricity consumption, which is
referred to as flexibility. Flexibility in electricity usage is
to move consumption to a time when availability of green
energy is high or when the load on infrastructure is low. As
other research has taken an automated approach, we do not
yet know enough about the use of flexibility enabling systems
or how willing users are to move consumption. This article
describes a design for an flexibility-enabling eco-feedback
display. We have intentionally created the display to
facilitate discussions with users by giving flexibility related
information (e.g. electricity price forecasts). The system was
deployed in three households for 10 weeks.

Author Keywords
Sustainability; Electricity consumption; Eco-feedback;
Flexibility; Misc.

INTRODUCTION
In the last decade there has been an increased focus
on domestic electricity consumption and how to make
consumers more sustainable in their energy usage behaviour.
The general focus so far has been on conserving energy and
minimizing the environmental impact [20]. The reduction of
electricity consumption within domestic households has its
limits as the population and the number of electronic devices
increase. Another approach to reduce environmental impact
is to utilize green energy (e.g. wind energy). However,
the two major problems with green energy is that it cannot
be stored for later consumption and the availability changes
over time. The current consumer electricity consumption
behaviour therefore needs to change to fully utilize the
production of green energy.

As domestic electricity usage is usually connected to the
routines of everyday life this poses a problem. These
routines are often connected to activities which primarily
occur during the evening where cooking, washing and other
electricity consuming activities are performed [26]. This
in turn results in peak demands, which is the result of
accumulated electricity usage from simultaneous domestic
activities [4, 26]. The peak demands cause two problems.
Firstly, it makes it difficult to utilize the changing availability
of green energy since peaks are concentrated around certain
hours. Secondly, the electricity suppliers have difficulties
providing electricity for the sudden demand using the existing
infrastructure. Eliminating peaks requires users to move their
consumption, which is referred to as peak shaving [26] or
more commonly flexibility [26, 30].

The expensive solution would be to expand the infrastructure,
for example replacing power cables and transformer
substations [15]. The less expensive alternative would be to
enable the consumers to move their usage away from peak
demand periods (e.g. doing laundry during the night). When
consumers are able to move their consumption away from
peak demand periods and utilize the green energy available,
we consider them flexible. A flexible result is achieved by
meeting one of the above conditions. The most flexible
result, however, is achieved when both conditions are met by
utilizing green energy when the load on infrastructure is low.

A problem with domestic electricity consumption is that
it is being metered out of sight, and it therefore remains
invisible and intangible to consumers [6, 7, 19]. To empower
user flexibility, emergent technologies are needed to visualise
flexibility related information to enable users in moving
electricity consumption. This could be done by showing
prognoses of when the load on infrastructure is low or the
availability of green energy is high. Technology is maturing
and the amount of available data is increasing because of
smart metering technologies. However, systems to present
this data to the consumers are still largely unexplored [7]. The
amount of available data presents us with the problem of how
to present it to the consumers to support them in moving their
electricity consumption.

This article presents the design and implementation of a
system which creates a foundation for studying flexibility
in the context of HCI. The system is implemented as a
flexibility-enabling eco-feedback display giving information
that could support users to move electricity consumption.

1
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RELATED WORK
Flexibility lies within the field of sustainability. Within
sustainability two approaches to design has been identified:
Sustainability in design and Sustainability through design
[21]. The former is to build technologies that are themselves
more sustainable for example energy efficient devices. The
latter is the design of information technologies that supports
sustainability for example an application that visualizes
information about electricity consumption to the consumer.

Within HCI a large amount of research has been focusing on
reducing energy consumption to promote more sustainable
behaviour. Flexibility in electricity consumption, however,
is a relatively new field in the context of HCI. Research
in other fields has taken an automated point of view by
exploring technologies to automatically support flexibility
(e.g. smart grids [1, 23] and peak shaving algorithms
[17, 24]). The tendency has been that human factors have
come in second compared to technology. The impact of
these flexibility-enabling technologies on everyday life has
therefore remained largely unexplored. The need to explore
the impact on consumers (e.g. motivation, understanding
and interests) is important when creating electricity market
business models [1]. The literature that we have previously
reviewed, has been focusing on electricity conservation and
not on flexibility in consumption [20]. We assume that there
is an overlap between flexibility and electricity conservation
as changing consumption behaviour is a concern in both
areas. Our starting point will therefore be within the field
of electricity conservation.

Within energy conservation the term eco-feedback is
frequently used. Froehlich et al. defines eco-feedback
technology as ”technology that provides feedback on
individual or group behaviours with a goal of reducing
environmental impact” [10]. A variety of technologies have
been utilized to explore areas such as electricity and water
consumption. These technologies can be divided into two
categories: Individual commitment and social commitment
[20]. The former is targeting individuals, and mobile
applications are found to be the most common technology.
The latter is aiming for groups or social contexts, and
the most commonly used technology in this category is
situated displays. Technologies found in both categories
include regular PC applications, web portals and specialized
hardware solutions [20].

We distinguish between two types of data visualization which
are pragmatic and artistic [28]. Pragmatic visualization
is designed to remove any sublimity and foster immediate
understanding. An approach often used to visualize
electricity consumption in a pragmatic way is using graphs
that display the amount of kWh used over time [8, 9, 19, 22].
In contrast to this, the artistic visualization should keep the
audience interested by showing data in an abstract way.
For example by representing electricity consumption data as
different colours or pictograms [9,18,19]. An example of this
is displaying a coral that will change colour and condition
according to electricity usage [16].

A majority of the previously reviewed literature is concerned
with raising awareness by giving feedback on past events
such as electricity consumption. Showing additional
related information such as predictions of future electricity
consumption or advice related to this is a relatively
unexplored area of sustainable HCI research [20]. Presenting
this information should be considered important, as adapting
to availability of electricity is important when moving
electricity usage. Froehlich et al. found that data granularity,
time granularity and units of measurement are important
when designing eco-feedback displays. Furthermore, the
placement of the display is important since information must
be accessible when needed [11].

Buxton indicates that when designing interactive experiences
sketches can have valuable properties [2]. Since a sketch is
considered disposable and part of a work in progress, users
being presented with a sketch are more likely to comment on
or criticize such work. Although systems are not disposable
in nature like sketches, Greenberg & Buxton mention the
possibility of developing systems with sketch like qualities,
which can be used for identifying problems and refining
current ideas [12].

DONG Energy, the Danish national energy supplier, created
a system to support flexibility [26]. The system was
implemented as a web portal running on mobile devices and
targeting individuals. In addition to showing information
about electricity consumption the web portal also presents
information about electricity pricing and wind speeds, which
were found to be motivational factors. The information
primarily consists of prognoses so that users can see when
to consume electricity.

Heberleins study of peak demand periods showed that the
commitment to change electricity consumption behaviour
depends on the amount of information available to the
consumer about electricity related factors, such as electricity
pricing [14]. In addition to this Erickson et al. found
that prices and crisis engage people to concern about
their electricity consumption [5]. To change behaviour,
information about price should be considered.

Riche et al. mentions that former studies have often shown
a change in user behaviour in the early stages, but as time
passes users relapse to previous behaviour [29]. A problem
related to changing behaviour is that the information in such
systems does not evolve to fit users’ information needs.
Riche et al. proposes a three-stage approach to solve this
problem and to effectively support behaviour change. The
three stages are raise awareness, inform complex changes
and maintain sustainable routines. Riche et al. argues that
to raise awareness users need to obtain knowledge of their
electricity consumption patterns. To inform complex changes
the design needs to include three elements. To change
behaviour users should be given additional information
related to their electricity consumption. Furthermore they
should be informed about the changes they have made and
their opportunities for further changes [29].

2
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FLEXIVIZ
We introduce FlexiViz, a flexibility-enabling eco-feedback
display. With the system presented in this article we will
shift the focus from electricity conservation to flexibility
in consumption. FlexiViz visualizes information to users
in domestic households with the focus on achieving
sustainability through design. We introduce a new layer of
flexibility related information, since the goal of traditional
eco-feedback systems is to encourage energy conservation
and reduce environmental impact. The display presents
information related to moving electricity consumption, such
as prognoses of electricity price, the availability of green
energy and the load on infrastructure.

The system design is based on the first and second step in
supporting behaviour change: Raise awareness and inform
complex changes [29]. The system is implemented as an
application for a tablet (Figure 1).

Figure 1. FlexiViz in use at home in the kitchen, next to the coffee maker.

FlexiViz consists of six views named Price, Load,
Environment, Overview, Flex Points and Flex Opportunities.
The users have two choices when it comes to navigating
between the different views. They can either click the
navigation buttons at the top of the screen, or swipe to
navigate back and forth between views. If the users do not
interact with the system it will automatically swipe between
views to make sure all information is presented to the user.

Since the primary goal with the design is to make a
foundation for further research in the field of flexibility, the
visual design of FlexiViz was completed using a sketchy look.
The sketchy look consists of hand-drawn line art on a slightly
crumpled paper background. The intent of this approach is
that it should encourage users to speak more openly about
their thoughts towards the designs [2].

Each view has been designed with the primary focus of
either raising awareness, providing additional information,
giving feedback on changes made or providing information
concerning opportunities for further changes.

Raising Awareness
The main problem with electricity consumption is that users
are often unaware of when and where energy is consumed
[29]. To make users more aware of their electricity
consumption, systems need to provide information about

their usage. The information should be detailed enough to be
useful for the user. It should be emphasised that data should
be realistic, so that users experience that the system reflects
actual electricity consumption [3].

To raise awareness, FlexiViz present electricity consumption
data fetched directly from a smart home metering system.
Electricity consumption data is presented as a blue line that
visualizes total household consumption, which is the lowest
possible spatial granularity. Due to information complexity
FlexiViz does visualize granularity at appliance-level. The
views containing awareness related information are shown in
figures 2 to 5.

Providing Additional Information
While raising awareness is the first step in achieving
sustainability, additional context specific information is
needed [29]. We introduce two types of information in
FlexiViz: Comparisons and prognoses.

Comparisons. Comparison information can be divided into
three types, which are the electricity price, the availability of
green energy and the load on infrastructure. We integrated the
first two types of comparison information into FlexiViz based
on the findings from the eFlex study [26]. They found these
to be motivational factors to why consumers move electricity
consumption. The third type of information, the load on
infrastructure, was integrated based on the assumption that
users want to make a choice of moving their usage based on
information about the infrastructure capacity.

Prognoses. Comparison information gives an overview
that might be a motivation for moving consumption. This
information, however, does not give an indication of what is
going to happen in the future. FlexiViz therefore introduce
the element of prognosis. Prognosis includes predictions that
relates to flexibility and electricity consumption. FlexiViz
includes predictions about electricity pricing, the load on
infrastructure, the availability of green energy and households
future electricity consumption. Due to the uncontrollable
nature of these elements, we argue that users will need
these predictions to be able to make a more flexible choice.
We assume that to use electricity at more favourable times,
user activities might need to be delayed, which require
information about when to consume electricity.

Four of the previously mentioned views are very similar in
design and representation of data (Price, Load, Environment
and Overview). Each view contains a blue line that represents
twelve hours of past consumption (solid), and twelve hours of
forecast (dashed) of users expected electricity consumption.
Additionally, each view contains one or more lines, each
displaying one or more of the previously mentioned types of
comparison information.

The lines share the same temporal space, but are not directly
comparable because there are no y-axis scale (e.g. you
cannot directly compare consumption to electricity price).
The focus of the design is to present information in a low
spatial granularity while still enabling the user to identify
tendencies in consumption.
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Figure 2. The Price view shows comparison between the price of
electricity and consumption.

Price
The Price view (Figure 2) is designed to enable electricity
consumers to compare their consumption with the price of
electricity. The electricity price is represented by a red-brown
line which represents the price from the past twelve hours
(solid), and a prediction of the price for the next twelve hours
(dashed). Electricity is expensive when the line is close to
the top edge and cheap when the line is at the bottom. The
price of electricity is fetched directly from the website of
the leading power market in Europe, offering past and future
electricity pricing.

Figure 3. The Load view shows comparison between the load on
infrastructure and electricity consumption.

Load
The Load view (Figure 3) is designed to give the users
information about the load on infrastructure. In the view
an orange line represents when the load on infrastructure
is either high or low. The line represents the load in
the past twelve hours (solid), and the predicted load for
the next twelve hours (dashed). Data representing national
consumption is available online, but as FlexiViz only depicts
information related to domestic electricity consumption, it is
not specific enough. The data presented is therefore based
on participants’ previous consumption to simulate similar
households’ consumption. The line is day-of-the-week based,
which means that the predicted load on a Tuesday will
be based on the consumption data of previous Tuesdays.
This approach takes into account that electricity consumption
habits vary depending on the day of the week.

Figure 4. The environment view shows comparison between the
availability of green energy and electricity consumption.

Environment
The Environment view (Figure 4) is designed to give the
user information about the availability of green energy.
Because wind energy is the primary source of green energy in
Denmark, the view only depicts wind energy. The wind data
is visualized by a green line, making the consumer able to
compare it to their own electricity consumption. The line will
rise and fall depending on local wind speed (m/s). The line
represents the wind speed in the past twelve hours (solid), and
the wind speed forecast for the next twelve hours (dashed).
Local wind speed data is fetched from an online weather
forecast service.

Figure 5. The Overview shows comparison between the price of
electricity, the load on infrastructure, the availability of green energy
and electricity consumption.

Overview
The Overview (Figure 5) is based on the same information
as the three above mentioned views (Price, Load and
Environment). Based on the three views there are three
scenarios that state when to consume electricity: i) when the
price of electricity is low, ii) when the load on infrastructure is
low or iii) when the availability of green energy is high. The
most favourable time to consume electricity is when all three
factors are at their best, but to derive this from the individual
views could be challenging. The Overview is designed to
help consumers form an overall picture by joining all the
information into one view. To enable the users to distinguish
between the different lines, the colouring from the previously
mentioned views were kept.
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Giving Feedback on Changes
To enable users in moving electricity consumption, only
providing additional information is not sufficient. All of the
above mentioned views are intended to help the consumers
becoming more flexible by giving them flexibility related
information. The views do, however, not give any particular
feedback on how flexible the user has been in the past.
FlexiViz should give an indication of the users’ progress in
achieving flexibility by giving feedback on changes made.

Figure 6. The Flex Points view shows an artistic representation of the
consumers’ flexibility status.

Flex Points
The Flex Points view (Figure 6) is designed to give the users
information on how flexible they have been over a period of
one week. Three types of flex points can be earned, one for
each of the comparison information types. The view consists
of three metering bars, each representing one of the flex point
types, and a bowl containing balls. The intention of using
a bowl containing balls to give the user an indication of their
flexibility status, is to make the view more simple and artistic.
Additionally it should provide a quick overall impression of
where the user should increase their effort to become more
flexible. For example if the bowl contains eight price balls,
but only two environment balls, the user could strive to be
more flexible in terms of consuming during times with a high
availability of green energy.

Flex points are given based on user consumption compared
to the price of electricity, the load on infrastructure or the
availability of green energy. As points are earned the different
meters will be filled. When a meter is full a coloured ball,
matching the meter colour, will be added to the bowl and
the meter will be emptied. The number of balls in the bowl
and the meter position will indicate the consumers’ flexibility
status. However, there can be a maximum of ten balls of each
colour at any given time. Balls will disappear one week after
they have been earned. If the users consume electricity when
it is favourable, this is considered flexible behaviour and they
will earn points. If the users do not consume electricity when
it is favourable, it is considered non-flexible behaviour. The
user cannot lose points due to non-flexible behaviour.

Opportunities for Further Changes
To offer opportunities for further changes to the users,
additional functionality is required. The two elements above
do not provide any suggestions for further improvement of

their current usage. The users should therefore be presented
with information about when to use electricity in order to
fulfil their goals. For example consuming when the price of
electricity is low or the availability of green energy is high.
The question is how detailed this information should be. If it
is too detailed it could become difficult to read and thereby
discourage users. If it is not detailed enough users might not
get enough information and therefore cannot improve their
current behaviour.

The above mentioned views are designed with the intent of
helping users move electricity consumption by giving them
flexibility related information, and by giving them feedback
on their flexibility status. The views are, however, not
intended to show any information related to opportunities for
further changes.

Figure 7. The Flex Opportunities view visualizes opportunities for
further changes.

Flex Opportunities
The Flex Opportunities view (Figure 7) is designed to give
the users a quick overview of when to consume electricity
to become more flexible. The view represents data based
on the price of electricity, the load on infrastructure and the
availability of green energy.

The information from the Flex Opportunities view should be
seen as a recommendation for when it would be favourable to
consume electricity. The clock is divided into 15 minute time
blocks to match the temporal granularity of the electricity
consumption data. Each time block on the clock can be
coloured to represent one of the three types of data. There
are four colours to be aware of, which include red-brown (the
electricity price), orange (the load on infrastructure), green
(the availability of green energy) and white (not favourable).
The colouring indicates boundaries for when it will be
favourable to use electricity for example the wind speed has
to reach a certain level to appear on the clock. To keep
the design simple a time block can only have one colour.
The colour shown on the clock indicates whether electricity
consumption would be most favourable in relation to the price
of electricity, the load on infrastructure or the availability
of green energy. If the white colour is displayed it is not
considered favourable to consume electricity at the specified
point in time.

In addition the view also functions as an ordinary clock
showing hours and minutes. The last hour is not displayed to
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avoid confusion about whether a time block indicates current
or present opportunities. The clock representation was based
on an assumption that the users would pass by and look at it
more frequently if it resembles a common household item.

SYSTEM IMPLEMENTATION
The implementation of FlexiViz was split into two major
components. It consists of a display application that the
user interacts with and a backbone server that manages data
from different sources (Figure 8). It is the responsibility
of the display application to present information to the user
and report information about the users interaction with the
system. It is the responsibility of the backbone server to
acquire data from different external data sources and retrieve
participants’ electricity consumption data.

Figure 8. FlexiViz system layout.

The Display Application
The display application consists of two parts: A web
application and an Android application. The web application
has the responsibility of presenting data to the users, while
the Android application encapsulates the web application and
shows it on the tablet. The FlexiViz display application also
supports user interaction logging. All user interactions are
logged and sent to the backbone server.

The web application was developed using traditional web
technologies such as HTML and CSS, but for structuring the
application code TypeScript was chosen instead of regular
JavaScript. FlexiViz was developed as a web application
due to the iterative nature of the system design, and it would
therefore be possible to roll out revisions to the users without
manually updating the application on the actual devices. The
application installed on the Android tablet includes special
functionality for ensuring always-on behaviour, making the
application turn on the screen and launch itself if the screen
is turned off by the user.

The sketchy style presented in the design was implemented
using a mix of hand-drawn graphics and dynamically
calculated lines using a custom made sketchy look technique.
Hand-drawn elements on screen are to some extend
randomized in their position and scale, with the purpose of
making them look non-uniform and organic.

The Backbone
To supply the display application with information, a
backbone for handling information was implemented. This

consists of a main component and a set of sub components.
The main component of the backbone is a web server
that retrieves and handles data from the sub components.
The server also prepares data for, as well as storing
interaction log data from, the display application. Each
sub component is responsible for acquiring data from the
electricity consumption, price or weather data sources.

To obtain electricity consumption data the backbone relies
on the ZenseHome system, which is capable of collecting
detailed consumption data in near real-time [31]. To retrieve
data a Raspberry Pi is directly connected to the ZenseHome
control box. The ZenseHome control box does not offer the
retrieval of consumption data other than the current load on
each connected outlet. The connected Raspberry Pi therefore
needs to retrieve data from outlets every two seconds, using
the control box as an interface. Since the ZenseHome
system is not originally designed for retrieving electricity
consumption data so rapidly, techniques for avoiding data
collisions were a major focus during the implementation
of the system. After data is acquired it is sent to the
backbone web server, which then accumulates values and
stores historical consumption data in 15 minute intervals.

Weather data used for making green energy forecasts is
retrieved from the Open Weather Map weather service [27].
The data is fetched every 10 minutes. Local forecast
data is available in three hour intervals, but is linearly
interpolated when presented on the information display to
match the 15 minute time granularity of the consumption
data. Furthermore, weather data is limited to the 0 to 14
meters per second range, as modern wind turbines have peak
output at winds of 14 meters per second [13].

Price data is obtained from Nord Pool Spot [25], the leading
power market in Europe. Electricity pricing is negotiated
at least 12 hours in advance, allowing FlexiViz to display
the actual future price. All price data is fetched from the
Nord Pool Spot website every 10 minutes using web scraping
techniques, where HTML-documents are parsed to retrieve
detailed information.

The data used for presenting the load on infrastructure is
based on participants’ own electricity consumption history.
Past consumption data is averaged and treated using a moving
average smoothing algorithm to make it appear as being a real
average user trend line.

DISPLAY EVALUATION
FlexiViz was developed and evaluated iteratively. Before
deployment, two focus groups were used to give feedback on
design ideas. FlexiViz was later deployed in three households
for a period of 10 weeks. Because of the iterative nature of
the development process the system views were introduced
to the participants in four steps. First the Price, Load
and Environment views were introduced, followed by the
Overview two weeks later. Four weeks into the study period
the Flex Points view was introduced followed by the Flex
Opportunities view two weeks later. After introducing a new
view, a semi-structured interview was conducted. A total of
12 semi-structured interviews were conducted.
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FINDINGS
During the evaluation period FlexiViz logged 357 interactions
with an overweight on one household (287). In the following
section we report findings based on the semi-structured
interviews and interaction log data.

Information Capacity
FlexiViz consists of a set of views with different information
capacity. Three of the views (Price, Load and Environment)
were designed to be as simple as possible. As more of
the participants stated, they would rarely use those views
because they could not get an overview of all the information
at once. This resulted in the creation of the Overview
design. This view should help the user interconnect the
various information and enable them to get an overview or
understanding of when to consume. Participants stated that
the Overview quickly became the most used view in FlexiViz,
because this would help them in planning their electricity
consuming activities.

Four of the views (Price, Load, Environment and Overview)
were built with the purpose of making data granularity low.
However, participants mentioned that this resulted in lines
that were difficult to read due to a missing scale. The original
thought of removing the y-axis was to let the consumers focus
on tendencies rather than a one-to-one comparison.

During the study several participants expressed that the only
motivational factor was the price of electricity. They would
rarely look at the Environment and the Load views. Users
stated that this was because the price had a more significant
influence on their everyday lives.

Visualization of Data
Through the views of FlexiViz the same information has
been visualized with different designs. The households
overall electricity consumption was visualized as a blue
line in several of the designs. Our participants mentioned
that visualizing the overall electricity consumption was not
sufficient to move consumption. To be able to do this,
they would like more detailed information (e.g. showing
consumption categorized as activities).

Participants reported that the different representations of data
resulted in confusion from time to time. The four designs,
Price, Load, Environment and Overview, generally looks the
same as they all use the same pragmatic design to visualize
data. The Flex Points view has a different and more artistic
design. Each time the user receives points for moving
electricity consumption the bar at the top of the view will
increase. Despite the colours that were used were consistent
throughout the system, this more artistic representation made
it difficult for participants to relate it to the other views. This
meant that participants weren’t able to connect flex points
with historical data. Furthermore, participants could not see
the direct connection between the bars and the balls. They
thought that the total amount of flex points was indicated by
the bar and not the number of balls in the bowl.

We found that the representation and amount of data
necessary, depended on specific use scenarios. Most of the

time participants used the display as a peripheral device.
In this scenario, participants stated that they would like to
have visualizations that could help them perceive information
more easily. In some cases, however, participants wanted
more detailed information. This would often be when they
interacted with the system. In this scenario, they requested
more detailed information such as more specific data, such as
the actual price of electricity.

Moving Consumption
The aim with the Flex Opportunities view was to
integrate FlexiViz more into the home, by using a clock
representation. However, some participants stated that the
primary functionality, visualizing opportunities for further
change, became secondary within the view. For example,
one of the households stated that they would only look at the
clock to see what the time was and therefore didn’t notice
the intended information. Another household mentioned that
they planned to move the usage of their dishwasher, based
on the information. However, they forgot to start it late on,
because FlexiViz did not remind them.

Everyday Problems using FlexiViz
FlexiViz requests electricity consumption data every two
seconds from the ZenseHome control box. As several
participants mentioned this resulted in two problems. The
first problem was that it would cause issues with the
ZenseHome system (e.g. make the light flicker). The second
problem was that the Raspberry Pi that was connected to the
ZenseHome control box would fail to send data, which made
data unavailable to FlexiViz application. However, these
problems were eventually identified and corrected.

DISCUSSION
FlexiViz was designed to act as a foundation for researchers
to explore flexibility in electricity consumption and human
factors related to this. We do, however, have some
considerations concerning the design.

Representing Data
The users stated that they used the Overview more frequently
than the other views. When planning to move electricity
consumption it would seem that an overview is preferred,
because users have difficulties interconnecting information
from the Price, Load and Environment views.

The Price and Load views indicate that the user should
consume when the lines are close to the bottom, whereas
the Environment line indicates that the user should consume
when the line is close to the top. This might have confused
the participants. They might not have been able to derive the
most favourable time to move their electricity consumption.
We argue that this could be solved, simply by inverting the
Environment line, so that it will be near the top-edge when its
unfavourable, and at the bottom when its favourable.

FlexiViz awarded flex points to users when they used
electricity when one of the three types of comparison
information was favourable. We do, however, see a potential
problem as flex points could also be given, if the users
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consume electricity as they are used to and actually do
not move any consumption. It can be discussed if using
electricity as regularly should be rewarded. We could imagine
that it would serve as a discouraging factor if users are already
moving electricity consumption, but not gaining any flex
points. We argue that the way of giving flex points can be
changed if needed, to reward users only if they use outside
their regular electricity consumption pattern.

The Flex Opportunities view presents information of when
the consumers should use electricity if they want to become
more flexible and earn flex points. Each of the 15 minute
time blocks within the clock design can only contain one
colour at a time. This choice was made to simplify when
it would be favourable to consume. To avoid confusing the
consumers only the most significant factor was presented to
them. The Flex Opportunities view therefore only shows a
single colour in each time block. The simple design, however,
might have been a problem. If a user for example cares for the
environment and there is green energy available, but the time
blocks are coloured according to price, it might be irrelevant
for the users to consume electricity based on the information
given from the system. This could hinder a flexible choice
and it should therefore be considered whether or not to make
the Flex Opportunities view show more information. For
example by showing multiple colours in each time block).

Data Granularity
The views, Price, Load, Environment and Overview, are
aimed at giving the user an understanding of how electricity
consumption could be related to other conditions that might
have an influence on their electricity usage either now or in
the future. Furthermore, FlexiViz is aimed at making the
user reflect on their usage by showing them overall electricity
consumption. This should give them the choice of moving
some of their consumption to other times of the day, where it
would be more favourable. Our participants mentioned that
such information was not sufficient to decide when to move
electricity consumption. It could be argued, whether it is even
possible for the consumers to move consumption, when they
only get information about the households overall usage. It
could be questioned if they would know which appliances
that consume where and when, to sufficiently move electricity
usage. If users should be able to move the usage of specific
appliances (e.g. the washing machine), then information on
appliance-level might be helpful.

During the evaluation we identified two different usage
scenarios for FlexiViz: Peripheral and non-peripheral. Our
participants expressed that depending on the scenario the
amount of information needed would vary. If the display was
used as a peripheral device, the information should be simple
and easy to read. If users were using the system actively
the information should be more detailed. FlexiViz was not
designed to give detailed information such as appliance-level
electricity consumption data. We argue that if FlexiViz is to
be used in its current state, it could be used as a peripheral
device. If FlexiViz was to be used as a non-peripheral device,
we recommend adding more detailed information (e.g. on
activity or appliance-level).

Price as Motivation
FlexiViz visualizes data related to the price of electricity,
the load on infrastructure and the availability of green
energy. However, previous research within the field of energy
conservation shows that price is the primary motivational
factor. The environment is often referred to as the secondary
motivational factor. The participants confirmed this by saying
that they were most concerned with the price. This poses a
problem as price of electricity does not have any influence on
peak demand periods, because pricing is currently fixed.

It could be discussed how to use the price to directly influence
peak demand periods. We argue that it could be achieved by
making the price depend on either the load on infrastructure
or the availability of green energy. Such initiatives could
motivate the users to achieve a reduction on their electricity
bill and allow them to move their electricity consumption
away from peak demand periods. This would also allow
FlexiViz to become more simple as some of the information
presumably could have been left out.

Maintaining Sustainable Routines
A question remains of how to incorporate Riche et al.’s
third and last stage, maintain sustainable routines [29]. The
functionality of FlexiViz is based on the first and second
stage. Riche et al. states that in order for the consumers
to change behaviour, they need to become aware of their
electricity consumption behaviour and be given additional
information, feedback on the changes they have made and
opportunities for further changes. It can be discussed what
changes should be made or which functionality should be
applied to FlexiViz if we should go to the next stage. This step
mentions the need for long-term studies that should run for
three months or more [29]. But to provide long-term feedback
the system needs to evolve to fit the home environment and
its users. It should especially evolve to fit the consumers
information needs. One of the participating households
mentioned that they forgot to turn on the dishwasher, even
though they had planned to move consumption. It seems
like that there is a need for systems that can support their
intentions. We argue, that this need could be addressed in
FlexiViz by giving notifications that remind users of when to
turn on appliances.

Technical Improvements
A central challenge when developing FlexiViz was the
retrieval of electricity consumption data from the ZenseHome
control box. As the control box does not offer historical
consumption data directly retrievable, the Raspberry Pi
computer connected to the box had to request the ZenseHome
system for data every two seconds. This resulted in stability
issues which meant that the system either blocked user
accessibility to the ZenseHome system or made consumption
data unavailable. As the ZenseHome system saves data
internally the request frequency could be reduced to every
15 minutes, which would increase stability considerably. In
the future this should be taken care of by requestion the box
less frequently, but this will require a change to the current
ZenseHome API.
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Technology Probing
FlexiViz is designed to support flexibility related research
within HCI. We see the system as a technology probe
that would support the retrieval of more context specific
information in later interviews. The choice of a sketchy look
would also support this scenario.

We see two distinct uses for FlexiViz. Firstly, the system
could become part of a design implication study. The
system would then allow researchers to gain insights into
how flexibility-enabling eco-feedback systems could be
designed. Secondly, the system could support researchers in
revealing context specific flexibility related information about
consumer motivation and understanding of moving electricity
consumption. Findings from such studies could be used by
electricity suppliers to develop more efficient technologies
targeting consumers.

CONCLUSIONS
This paper presented the design of a flexibility-enabling
eco-feedback display with the purpose of creating a
foundation for other researchers to explore flexibility and to
study human factors. We named this display FlexiViz.

The concern for the environment has increased in the last
decade. Much effort has gone into conserving energy with
the goal of to reducing CO2 emissions. The reduction of
electricity usage is still of importance, but does not solve
the problem of peak demands. Another way to address
the problem could be for the consumer to move electricity
consumption, which is referred to as flexibility.

To achieve flexibility, the consumer should consume, when
i) the load on the infrastructure is low or ii) there is a high
availability of green energy. Moving electricity consumption
solves two problems. The first problem is the load on
infrastructure, which is under pressure in peak demand
periods when simultaneous consumption occurs. The second
problem is that green energy by nature is not always available
and is therefore difficult to utilize.

We designed FlexiViz based on Riche et al.’s first and
second stage of behaviour change: Raise awareness and
inform complex changes. To raise awareness we visualized
households overall electricity consumption on the display. To
inform complex changes we visualized electricity price, the
load on infrastructure and the availability of green energy. To
make users able to derive when to move their consumption,
we also added the element of predictions, such as the price
of electricity for the next 12 hours. Furthermore we added
the elements of flex points and flex opportunities, to let users
know how flexible they have been and when they should
consume to become more flexible.

FlexiViz was implemented as a web application for an
Android tablet. We retrieve information from websites
and smart home metering technology. The information is
processed on a central server and sent to the application
that displays them. We discussed how much information
was needed if FlexiViz was going to be useful. Too much
information and the system could become too complex, too
little information and it could become less useful.

We argued that the information in FlexiViz should reflect the
usage scenario. Used as a peripheral device the information
visualization should be simple and easy to read. In contrast,
used as a non-peripheral device, the information should be
more detailed. We also discussed how price could be used
to move electricity consumption even though it is not directly
related to peak demand periods. The design of FlexiViz was
based on Riche et al.’s first and second stage. We discussed
how the last stage of maintaining sustainable routines could
be implemented. Here we argued, based on Riche et al., that
the system should evolve over time and it should evolve to
user information needs.

FURTHER WORK
This article presented a design for a system that shows
flexibility related information. While creating such a system
can be a goal in itself, we also want to study the concept
of flexibility in a user context. We propose that FlexiViz
could be used to investigate consumers’ understanding and
motivation to move electricity consumption. Furthermore,
FlexiViz could be used as a technology probe to facilitate
discussions and the gathering of quantitative data.

The separation of views in the design could be used to
gradually introduce new information as a part of the research
method. This would allow for a more qualitative in depth
approach to the various display information using interviews.
FlexiViz also supports the gathering of quantitative data such
as interaction logs and electricity consumption data.

We see data collected from such a study valuable in the
understanding of how consumption can be moved and
which factors impact this decision. Furthermore, electricity
suppliers could benefit from knowing such details, so they
can focus their effort.
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ABSTRACT
Over the last decade a large amount of HCI research has
gone into changing electricity consumption behaviour in
domestic households. The general approach has been to
reduce consumption. This does, however, not solve the
problem of peak demand periods, which is a result of
simultaneous electricity consumption. It can be addressed
by empowering consumers to move electricity consumption,
which is also referred to as flexibility. This paper, presents
a study of consumers motivation and understanding to move
electricity consumption using FlexiViz, a flexibility-enabling
eco-feedback display. The display was deployed within
three households for 10 weeks, and a total of 12 in-home,
semi-structured interviews were conducted. Our findings are
relevant not only for understanding consumers willingness
to move electricity consumption, but also towards designing
future flexibility-enabling systems.
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Sustainability; Electricity Consumption; Flexibility;
Technology Probing; Misc.

INTRODUCTION
In the last decade there has been an increased focus
on domestic electricity consumption and how to make
consumers more sustainable in their energy consumption
behaviour. The general focus so far has been on conserving
energy and minimizing the environmental impact [17].
The reduction of electricity consumption within domestic
households has its limits as the population and the number
of electronic devices increase. Another approach to reduce
environmental impact is to utilize green energy (e.g. wind
energy). However, the two major problems with green
energy is that it cannot be stored and the availability changes
over time. The current consumer electricity consumption
behaviour therefore needs to change to fully utilize the
production of green energy.

As domestic electricity consumption is usually connected to
the routines of everyday life this poses a problem. These
routines are often connected to activities which primarily
occur during the evening where cooking, washing and other
electricity consuming activities are performed [22]. This
in turn results in peak demands, which is the result of
accumulated electricity usage from simultaneous domestic
activities [2, 22]. The peak demands cause two problems.
Firstly, it makes it difficult to utilize the changing availability
of green energy since peaks are concentrated around certain
hours. Secondly, the electricity suppliers have difficulties
providing electricity for the sudden demand using the existing
infrastructure. Eliminating peaks require users to move their
electricity consumption, which is referred to as peak shaving
[22] or more commonly flexibility [22, 26].

The expensive solution would be to expand the infrastructure
(e.g. replacing power cables and transformer substations)
[11]. The less expensive alternative would be to enable the
consumers to move their electricity consumption away from
peak demand periods (e.g. by doing laundry during the night).
When consumers are able to move their consumption away
from peak periods and utilize the green energy available,
we consider them flexible. A flexible result is achieved by
meeting one of the above conditions. The most flexible
result, however, is achieved when both conditions are
met by utilizing available green energy when the load on
infrastructure is low.

Within HCI a large amount of work has been focusing on
reducing electricity consumption to achieve more sustainable
behaviour. Facilitating flexibility in electricity consumption,
however, is a relatively new field. A majority of the research
that explore flexibility has been focusing on exploring
technologies for automating flexibility (e.g. smart grids
[1, 20] and peak shaving algorithms [14, 21]). The tendency
has been that human factors have come in second compared
to technology. The impact of these flexibility-enabling
technologies on everyday life has therefore remained largely
unexplored. The need to explore the impact on electricity
consumers (e.g. motivation, understanding and interests) is
especially important to create effective business models [1].

In this article we present a study of consumers’ motivation,
understanding and interests towards moving electricity
consumption in domestic households. A flexibility-enabling
eco-feedback display is used as a technology probe with the
intent of facilitating discussions about flexibility.
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RELATED WORK
Domestic households are responsible for a large part of the
overall electricity consumption [4, 5, 16]. The interest in
exploring this area has been rapidly increasing over the last
decade. This has resulted in a large amount of published
HCI research [17]. The primary focus, however, has been
on persuading users to conserve energy as a part of becoming
sustainable consumers. We assume that flexibility and energy
conservation has some overlap as they both try to change
consumption behaviour. Our starting point will therefore be
in the field of energy conservation.

In the field of energy conservation various research methods
and systems have been used to achieve knowledge about
user electricity behaviour within a given context (e.g. in
the home or in the public) and which impact such systems
have on the consumers. A general approach has been to
give users information about their electricity usage patterns
to make them more aware of their consumption behaviour.
Within the field of energy conservation the term eco-feedback
is frequently used. Froehlich et al. defines eco-feedback
technology as ”technology that provides feedback on
individual or group behaviours with a goal of reducing
environmental impact” [8].

A problem with domestic electricity consumption is that it is
being metered out of sight, and it therefore remains invisible
and intangible to consumers [4,5,16]. Technology is maturing
and the amount of available data is increasing because of
smart metering technologies. However, systems to present
this data to the consumers are still largely unexplored [5]. To
empower user sustainability, eco-feedback technologies can
be used to visualize this information.

A variety of technologies have been utilized to explore
areas such as electricity and water consumption in domestic
households. Depending on the context of use these
technologies can be divided into two categories: Individual
commitment and social commitment [17]. The former is
targeting individuals. In this category, mobile applications is
found to be the most common technology. The latter is aimed
at groups of individuals in either domestic or public contexts.
The most commonly used technology in this category is
situated displays. Technologies found to be common in both
categories include regular PC applications, web portals and
customized hardware [17].

We distinguish between two types of data visualization,
which are pragmatic and artistic [23]. Pragmatic
visualizations are designed to remove any sublimity and
foster immediate understanding. An approach often used
to visualize electricity consumption in a pragmatic way is
using graphs that display the amount of electricity used over
time [6, 7, 16, 19]. In contrast to this, the artistic visualization
should keep the audience interested by showing data in an
abstract way. This can be done by representing electricity
consumption data as different colours or pictograms [7, 9, 15,
16]. An example of this is displaying a coral that will change
colour and condition according to electricity usage [13].

A general tendency has been that studies of eco-feedback
technologies have short evaluation periods [17]. Most of
these technologies have been deployed for less than three
months. Riche et al. argues that new behaviour has a
tendency to relapse shortly after studies end, unless the
changes have been adopted for at least three months [24].
Riche et al. made a proposal for a three-staged approach
to support user behavioural change. The three stages are
raise awareness, inform complex changes and maintain
sustainable routines [24]. The first step is to make consumers
aware of their electricity consumption behaviour, and to
obtain knowledge about where and when it takes place.
In the second step, inform complex changes, users should
be given additional information related to their electricity
consumption. Furthermore they should be informed of
the changes they have made and opportunities for further
changes. The last step, maintain sustainable routines, is about
encouraging users to keep using the systems and maintaining
adopted behaviour [24].

DONG Energy, a Danish energy supplier, worked on the
project eFlex that aimed at finding how flexible consumers
can be or are willing to be [22]. In the study it is argued that
flexibility can be either automated (e.g. flexible appliances)
or an active choice (e.g. the users move electricity usage
themselves). The study shows that there are two types
of electricity consumption practices, which are necessary
household practices (e.g. cooking) and ’luxurious’ practices
(e.g. watching TV). Furthermore, eFlex found that consumers
seemed more willing to be flexible with necessary practices,
rather than the ’luxurious’ ones. The eFlex study furthermore
identified two categories of user profiles: Enthusiastic and
interested. Interested users participate due to a greater
cause or to save money, while enthusiastic users participate
to contribute to the project or to get further knowledge
concerning electricity consumption. The project identified
four factors that influence the flexibility potential of a
household. These are household infrastructure and smart
technologies, willingness to flexibility, family composition
and life situations. They argue that different approaches
to reach the consumer have to be considered depending on
which of these factors are met.

Our own work in sustainability consists of an ongoing
study of how always-on eco-feedback displays affect user
awareness [18]. We found that motivational factors towards
conserving electricity were economy and the environment.
This relates to the work done by Erickson et al. that found
that prices and crisis engages people to concern about their
electricity consumption [3].

In this article we will describe a study of flexibility in
domestic electricity consumption. Our particular focus is on
consumers making a choice to actively move their electricity
consumption. We therefore introduce users to information
needed to move usage (e.g. forecasts), which relate to Riche
et al.’s second step of informing complex changes. By doing
this we hope to reveal contextual factors that can empower
electricity consumers to achieve a more sustainable behaviour
by moving electricity consumption.
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Figure 1. The first four views presents information about the comparison between electricity consumption and (a) the price of electricity; (b) the load
on infrastructure; (c) the availability of green energy and an; (d) overview of the three. The fifth (e) gives feedback on moving consumption. The sixth
(f) presents opportunities for further changes.

FLEXIVIZ
Exploring the field of flexibility is needed as we do not
yet know enough about consumers’ motivation, interests
and understanding. To do this we developed a system
that facilitates discussions concerning moving electricity
consumption in domestic households. We call the system
FlexiViz and it is implemented as a flexibility-enabling
eco-feedback display. FlexiViz consists of six views which
is based on the two first stages from Riche et al., which
include raising awareness and informing complex changes.
To raise awareness FlexiViz visualizes information about the
consumers total electricity consumption. To inform complex
changes FlexiViz visualizes three elements: Additional
information, changes they have made and opportunities for
further changes.

The additional information that was introduced in FlexiViz
is based on two elements: Comparison and prognosis.
The element of comparison enables users to compare their
electricity consumption to flexibility related information such
as the availability of green energy. FlexiViz includes
three types of comparison information: The price of
electricity, the load on infrastructure, and the availability of
green energy. To give the users information about when
to consume, FlexiViz includes the element of prognosis.
FlexiViz includes four different types of prognoses based
on the three types of comparison information and the users
electricity consumption. Due to the uncontrollable nature of
these external factors, we argue that users need additional
information to be able to make a more flexible choice.

Three of the views in FlexiViz use a pragmatic approach to
visualize the above mentioned information. We named these
views Price (Figure 1a), Load (Figure 1b) and Environment
(Figure 1c). The views consist of a blue electricity
consumption line that provides past and future usage. The
views also consists of a second line that visualizes one
of the comparison information types mentioned above. A
fourth view uses the same layout, but joins all of the above

mentioned data into one overview. We named this view
Overview (Figure 1d).

Besides giving additional information, FlexiViz also offers
information of the users’ current flexibility status. FlexiViz
has a view dedicated to give feedback on the changes users
have made in terms of moving electricity consumption. We
named this view Flex Points (Figure 1e). This is visualized
by using flex points to indicate how flexible the users have
been over a period of one week. The design uses an artistic
visualization, and displays status using a bowl containing
balls. The status is indicated by the number of balls present
in the bowl.

FlexiViz also displays information to inform users of
opportunities for further changes to move electricity
consumption. FlexiViz has a view, which indicates when it
will be favourable to consume electricity. We named this
view Flex Opportuinities (Figure 1f). The view was designed
to look as a clock divided into 15 minute time blocks. Each
time block indicates, depending on the colour, whether it is
favourable to consume electricity or not.

FlexiViz is configured to automatically swipe between the
different views if users do not interact with the display. The
users can interrupt the automatic swiping and swipe between
the views themselves. FlexiViz logs all interactions, making
it possible to gain insights into which view the users tend to
use the most and when. Graphically FlexiViz is designed in
a sketchy style to indirectly encourage users to criticize and
give feedback on the system design [10].

System Implementation
To ensure that users would get an authentic experience,
the data presented on the display is obtained from real
data sources. The electricity consumption data is retrieved
using a smart home metering system, resulting in data with
a 15 minute interval. Information about the availability
of green energy is based on local weather forecasts from
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Figure 2. In the first interview, participants were asked to select a central location to place FlexiViz. They placed it in the living room or kitchen.

Open Weather Map. The load on infrastructure is based
on participants’ own electricity consumption history. Past
consumption data is averaged and treated using a moving
average smoothing algorithm to make it appear as being a
real average user trend line. The price data is based on real
market electricity pricing, retrieved from the leading power
market in Europe, Nord Pool Spot.

THE STUDY
We used FlexiViz as a technology probe [12] to introduce
users to flexibility related information. The probe was an
instrument to facilitate discussions in the following in-home
interviews. It was deployed within three households for 10
weeks, but is a continuation of the system from our previous
study concerning electricity consumption awareness, which
ran for a period of 16 weeks. A total of 12 in-home,
semi-structured interviews, four with each household, were
conducted during the study period.

Participants
We used the three families from our former study. These
families are all interested in new technologies and in
becoming more sustainable by conserving electricity. They
all have a smart home metering system installed in their
home. At least one in the household has a basic understanding
of their overall electricity consumption.

Procedure
Semi-structured interviews were used to allow for a more
open discussion towards flexibility. At the same time this
would allow for a more in depth approach where the focus
was on users motivation and understanding towards moving
electricity consumption.

The interviews were conducted in the participants households
to keep them in a context related to their electricity
consumption and their everyday settings. It was mostly
the adults within the households who participated in the
interviews. We conducted four interviews with each
household. At least two members of the household were
present at each interview.

In the first interview we introduced the users to FlexiViz
and the concept of flexibility. To make sure that the
information in FlexiViz was presented to as many as possible,
we intentionally asked participants to place the display in a

central spot in the home (Figure 2). We guided them through
the system views and explained their meaning and purpose.
We also gave the participants a small user manual that they
could use if they had any questions. The first interview
introduced them to the Price, Load and Environment views.
After each subsequent interview a new view was added
in the following order: Overview, Flex Points and Flex
Opportunities. The user manual was subsequently expanded
with new information. The purpose of this approach was to
make it easier to isolate findings.

As the participants became more familiar with the idea
of moving consumption, we started to ask them more in
depth questions with topics such as motivational factors
and the usage of FlexiViz. Each interview started with
an introduction to subjects that would be the focus of
the discussions. The first part of the interview was
concerned with any new thoughts towards moving electricity
consumption, and the last part focused on the use of the
system and its features.

Interview Setup and Data Analysis
The in-home interviews were conducted by three researchers:
one led the interview, the other two were in charge of
recording equipment and note taking. The interviews were
audio recorded for transcription purposes.

Each of the in-home interviews was transcribed and analysed.
As previously mentioned FlexiViz served as a technology
probe. This, in addition to being a discussion facilitator,
would let us to obtain information through logging such as
the use of FlexiViz (e.g. which views were used and for
how long). This enabled us to validate their statements
with interaction data. Besides this, the users electricity
consumption data was stored.

FINDINGS
Through the study period, FlexiViz logged a total of 357
interactions with an overweight on one household, which
was responsible for 287 interactions. Furthermore, FlexiViz
logged approximately 1.6 million electricity consumption
data entries. Additionally 1680 price and 420 wind data
entries were logged. We did not encounter any persistent
changes in consumption behaviour during the study period.
We did, however, find examples of an increase in consumer
awareness towards flexibility.
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Understanding Flexibility
It was generally difficult for the participants to understand
flexibility as they had never been confronted with or
encountered the peak demand problem before. When
discussing electricity consumption the participants’ main
focus were towards conservation, where the purpose was to
obtain a financial profit and to reduce environmental impact.
During the interviews, participants used arguments such as:

”Well, we can turn off appliances during the peak demand
hours.” - Household 2

However, it is not necessary for the consumer to turn off
appliances to become more sustainable, as the same can be
achieved by moving electricity usage.

The participants prerequisite for moving consumption was
good. They already had a high level of awareness of
their electricity consumption due to the use of their smart
home metering system, but they were clearly affected by
an electricity conserving mindset. Even towards the end of
the study several participants kept referring to conserving
electricity. Through the study, most participants were focused
on larger appliances such as the washing machine or the
dishwasher. To our participants these appliances were the
obvious candidates, where usage could be moved, because
a large amount of electricity consumption would follow.

Learning Flexibility
The study period was characterized by a steep learning curve.
It was difficult for the participants to understand why they
had to move electricity consumption. This was related
to their attitude towards consuming electricity. They saw
electricity as a service offered by the electricity suppliers.
The participants mentioned that since they paid a fixed price
per kWh, they wanted to be able to use electricity at any
given time. After we explained to them that expanding the
infrastructure most likely would result in an increase in the
electricity price, they started to understand the consequences
of not moving their electricity consumption. However, even
at the end of the study it was hard for the participants to
understand why they do not necessarily have to conserve
electricity to become sustainable. By moving some of their
electricity consumption to more favourable times of the day,
they would also achieve more sustainable behaviour.

It was quite difficult for participants to relate to the fact
that they could use the same amount of electricity as they
already did, or even more, if they just did it at a more
favourable time. However, as we introduced possibilities such
as automated appliances and dynamic electricity pricing one
of the participants mentioned:

”An appliance might consume more per year than an average
matching appliance, but it consumes at more favourable times
of the day, which overtime will result in a financial saving.
Then it would be worth investing in the flexible appliance.” -
Household 2

It was difficult for participants to understand, why moving
heavy consuming activities would make a difference as
their electricity consumption was just a small part of the

overall infrastructural load. The participants stated that they
believed that their actions would not affect the peak demand
periods, as they believed that the impact of their usage was
insignificant. After we explained that it was the actions of
a joint effort that would make the difference, participants
started to reflect on how moving their electricity consumption
would have an influence on the overall national consumption.

The Non-Flexible Nature of Electricity Consumption
Our participants mentioned, that their everyday lives are
centred around a set of routines. We found that some of these
routines are highly interdependent.

”The everyday life of a young family is crammed with
electricity consuming activities, which are dependent on
non-domestic activities.” - Household 3

Electricity consuming activities are tightly connected to
everyday domestic routines. Moving electricity consumption
to more favourable times of the day involves changing these
routines. Moving electricity consumption therefore means
altering the structure of domestic life, making flexibility in
electricity consumption difficult. A general attitude towards
electricity consumption observed in participants’ statements
is, that many activities determine when to operate appliances.
Some activities have a very strict deadline (e.g. making
breakfast or getting children ready for school), while other
activities have a non-specific deadline (e.g. doing the laundry
or dish washing).

”The mornings are characterized by a tight schedule,
whereas evenings have no strict deadline.” - Household 2

Morning activities have more strict deadlines than evening
activities, where the time schedule is more tolerant. The main
reason for this is that evening activities usually have no strict
deadline depending on non-domestic activities, (e.g. leaving
for work). However, activities like preparing dinner can
have strict deadlines in households, where family members
participate in non-domestic activities (e.g. leisure sports).

Activities, such as doing the laundry or operating the
dishwasher do not have the same level of temporal importance
as activities which are more directly connected to strict
deadlines. As it is possible for some appliances, such as a
dishwasher to operate with limited user interaction, the dish
washing activity is not part of the set of activities with strict
deadlines. Similarly washing and drying clothes can be done
relatively independent of other activities. In contrast to this,
using coffee makers and toasters are tightly connected to
activities with strict deadlines.

In cases where everyday routines are deviated from or
completely abandoned, electricity consumption is more likely
to be moved. These deviations are possible in weekends
or during holidays, where scheduling is not as strict as in
everyday life. For example, one of our participants decided
to move his electricity usage to a more favourable time,
because he had some time off from work. We found that
during periods participants deviated from routines, there was
a greater tendency towards attempting to make changes in
their electricity consumption.
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Flexible Appliances
One of our participants stated that he, at a few occasions, had
planned to move dish washing to a different time. Another
participant stated that he had postponed doing the laundry.
The dishwasher and the washing machine used for these
activities, are appliances where the electricity consumption
can be moved. When participants were asked why they could
move usage on these appliances, they replied that using them
required a minimum of user interaction. This pattern repeated
across a number of appliances. The appliances with the
greatest potential for flexibility were battery-powered devices
(e.g. tablets and laptops). The reason for this was that they
store electricity, so the need to charge it was not as urgent and
could easily be planned.

”You can be very flexible with the portable music player as
it is battery-powered. Because of this you aren’t dependent
on its here-and-now energy usage since it is charged or has
energy accumulated.” - Household 3

The use of battery-powered appliances are not limited to
times where they are connected to an outlet. Battery-powered
appliances can be used throughout the day, and can
be charged over the night, which makes them potential
candidates for moving electricity consumption.

Moving the use of appliances with strict deadlines, such as
the toaster, were not a possibility. Participants mentioned that
toasting bread could not be planned as it is driven by sudden
needs, making the activity less likely to be moved.

”You cannot be flexible with the toaster, because you toast
bread when you toast bread.” - Household 1

The participants stated that devices, such as the TV, stove,
kettle and coffee machine, were examples of appliances with
strict deadlines. Because of the role of these appliances in the
daily routine structure and their impact on other activities,
they cannot be moved. For example, postponing the use of
the stove would influence, when they were able to attend
non-domestic activities.

Even though the usage of some appliances could be
moved, participants explained that appliances that could
automatically consume at favourable times would be a
preferred solution. The participants stated that devices, such
as the washing machine, dishwasher and tumble dryer, were
examples of appliances that could be automated. However,
participants stated that there should always be an option to
overrule automation.

”The tumble dryer could be automated, however, you must
have the option to overrule and start it right away” -
Household 2

An example that came up frequently was to start the
dishwasher and set it to finish within some time range. The
idea was that it should automatically decide when to wash to
be flexible within the time range, but they wanted the option
of overruling the automation in case they needed dishes right
away. The participants agreed that such initiatives were to
be preferred, if they in their every day lives had to move
electricity consumption continuously.

Encouraging Flexibility
The topic of motivation was frequently brought up during the
in-home interviews. All participants expressed that the only
incentive for moving consumption was the price of electricity.

”In my opinion the price is clearly the primary motivation.
If the price was doubled in the high load hours, I would
definitely start to move my electricity consumption.” -
Household 1

Participants mentioned two scenarios of how the economical
aspect could influence their choice. There should either
be an economic profit for flexible behaviour (e.g. reduced
electricity bill) or a punishment for non-flexible behaviour
(e.g. higher cost per kWh). Both the environment and the
load on infrastructure were mentioned as negligible in terms
of their influence on the choice of moving consumption.
Reducing environmental impact were, however, mentioned as
an additional benefit.

Despite the fact that the environment was stated to be
a negligible motivational factor, one of the participants
mentioned that he had used information about the availability
of green energy to move the electricity usage of the washing
machine. He explained that it was due to the disruption of
the daily routines in either weekends or holidays and the
fact that the price didn’t have any direct correlation with
their electricity bill. Due to the less structured routines more
spare time was available to the families, which enabled them
to coordinate and plan the electricity consumption of some
appliances. The choice of moving the usage of his washing
machine, was motivated by a concern for the environment.

Discouraging Flexibility
A problem with FlexiViz was that even though it visualized
real data, participants did not react upon it because it had no
consequence for them in the end.

”You would probably have to punish people, because if I’m
avoiding these things and my neighbour have that 500 watts
light bulb on all the time with no consequence [...] I would
feel that my struggle was for nothing.” - Household 2

The consequence could be an economical incentive
(e.g. being punished depending on whether electricity
consumption have been moved or not). Most participants
emphasized that one of the discouraging elements towards
moving electricity consumption, is that they pay for a service
that the electricity suppliers provide. They mentioned that
it is the suppliers that have a problem, and therefore it
was not directly of their concern. One of the participants
expressed that if the electricity suppliers gave information
about the consequences of not moving some of their usage,
it would probably make consumers reflect on their electricity
consumption patterns.

Participants mentioned that there is a big difference between
the choice of conserving electricity and moving electricity
consumption. They explained that conservation often was
a one time investment usually accomplished by replacing
old equipment with new sustainable equipment. After the
purchase of such equipment it was no longer required for
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the consumer to invest more time or money in the project
to be more sustainable. The choice of moving electricity
consumption would interfere with consumers’ daily routines,
and would be very time consuming as the consumers have to
coordinate between the daily activities to see which usage can
be moved.

Obstacles for Flexibility
One of the major obstacles for moving electricity
consumption was the lack of time that families often
experience. One of our households was a small family of
two. The participants in this household expressed that they
were more likely to be flexible, because they did not have
any children to take care of. However, another one of the
participating households had an especially busy schedule
with three young children. While they did look on the
display from time to time and received the information, they
expressed that they failed to act upon it due to lack of time.
They explained that in a busy schedule, activities are often
depending on routines, and changing these would require a
substantial amount of time, which they didn’t have.

”As our life situation is right now, with 3 kids, it has to be
automated. We don’t have the time in our daily life to study
the information and act upon it.” - Household 1

For example, at night if their children were awake, it was not
possible to move electricity consumption as warming a bottle
of milk was important at that moment. Electricity had to be
consumed at that specific time as this was a result of a sudden
need. Likewise, there are other similar examples of such
electricity consumption that participants were not willing to
move due to the need for sudden usage (e.g. making a cup of
coffee). This pattern repeated, where participants were less
inclined to move electricity usage connected to activities that
were the result of a sudden need or was highly dependent on
other activities.

As a result of using FlexiViz one of our participants had
already thought of moving his electricity consumption. As
he stated:

”Sometimes we decided to postpone the dishwasher, however,
we forgot to start it later on.” - Household 2

The motivation for his planning was the price, but he
expressed that he needed an indicator or reminder of when
to start the dishwasher. As the participant explained, he
decided to postpone the dishwasher, but then he was caught in
some other activity and forgot all about the dishwasher. The
participant told us that moving his electricity consumption, at
least on the dishwasher, wouldn’t be a problem if the system
had notified him.

Another obstacle that made participants less inclined to move
their electricity usage was the lack of information about
the problem of peak demands. Some of the participants
expressed that the availability of information related to
moving electricity consumption through FlexiViz made them
reflect upon their electricity usage behaviour. When we
introduced participants to the concept of moving electricity
usage, they were not aware of the problem. The problem

was out of sight, and therefore it was difficult for them to
relate to. As a consequence several participants initially
thought that the problem might not directly affect them or that
their effort would be insignificant. Later, when participants
were properly introduced to move electricity usage, they
began to reflect upon their earlier thoughts. Participants
stated that being informed by electricity suppliers about
the consequences of not moving electricity consumption
would eventually direct their attention towards the problem.
They also expressed that to make consumers change their
electricity consumption behaviour, information about the
problem was not in itself sufficient. However, information
was considered a necessary starting point, if the consumers
should invest time or money in technologies that facilitate
moving electricity usage.

DISCUSSION
Our study exposed the participating households to
information such as the electricity price and the availability
of green energy. The participants reported how and why they
used the information. The availability of information related
to moving electricity consumption through FlexiViz made
the participants reflect upon their electricity usage behaviour.
We argue that FlexiViz made the concept of flexibility more
tangible by exposing them to information related to moving
electricity consumption.

Members of the participating households reported that they
occasionally moved some of their electricity consuming
activities to other times of the day. An example of this is
that one household moved the laundering activity to later that
day as the availability of green energy was increasing over
the day. Another household stated that at a few occasions
they had postponed the dish washing activity as a result of a
descending price during the evening.

While this study did not result in any persistent changes in the
participants’ electricity consumption behaviour, we obtained
knowledge about how difficult moving consumption is for
the consumers. Furthermore, we have learned what should
be considered to empower electricity consumers in moving
electricity consumption.

Changing Routines
Our findings indicate that it is difficult to make consumers
move their electricity usage. Making electricity consumers
consider when to move usage forces them to reflect more on
their daily routines. Tolmie et al. argues that routines might
never have to be considered or decided upon [25]. Therefore
it poses a challenge to consumers to continuously consider
when to consume. We argue that consumers need to change
the way they consume electricity for the idea of flexibility to
become a reality. As electricity consumption is an integrated
part of everyday life, consumers will need to continuously
consider their consumption behaviour during the day.

It can be discussed whether family composition is important
to the structure of routines. One of the participating
households consisted of two adults and three small children,
while another household consisted of only two adults. Their
family composition clearly influenced the way they thought
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of their ability to move electricity consumption. The family
with three small children was very much constricted to their
daily routines as the children had to be fed at specific times.
In contrast, the household with only two adults expressed
that they had a better potential for moving usage, because of
their different family composition. It would seem that family
composition and routines are relevant, when considering the
potential of moving usage.

When examining the possible flexibility of domestic
activities, some activities appear to be potentially more
flexible than others. Activities closely linked to deadlines,
(e.g. breakfast and other ”getting out the door” activities) are
less likely to be moved. Users mention that these activities
are often placed in the morning. Other activities such as
cooking are placed in the evening and should be considered
as possible candidates which can be moved. It appears that
morning routines are more difficult to affect, because they are
well defined and users do not have the time to reflect on them
in a busy schedule. Evening routines are in some cases easier
to influence, because the evening schedule is more tolerant to
change. This difference means that some activities will most
likely not be considered when aiming to move consumption.

Motivation in Everyday Life
Motivating users can be difficult without them having
knowledge of the problem of peak demand periods.
Participants mentioned that the first thing electricity suppliers
should do is to make consumers more aware of the problem
by giving them information. Without informing electricity
consumers, they will not be aware of the peak demand
problem and therefore they won’t be able to take action.
Electricity suppliers have not yet had any real focus on
making users move their electricity consumption. We argue
that raising awareness of peak demand problems definitely
should be considered in the future as one of the first steps
in moving electricity consumption. A large part of the
three-staged approach suggested by Riche et al. is concerned
with giving information. He argues that information about
the electricity consumption behaviour should be given as the
first stage. Furthermore he argues that additional information
is needed on the second stage [24]. We argue that information
about the peak demand problem should be considered.

Motivating flexibility in everyday domestic households is
not a trivial task. Our earlier work indicated that people
conserved electricity because of the price or the environment.
Price was perhaps a dominant motivation, however, the
concern for the environment was still of importance. This
has changed as the focus shifted from conservation to
moving electricity consumption. As focus changes to
flexibility, the price becomes the sole motivating factor. A
possible explanation is that moving electricity usage is a
time consuming and routine interrupting challenge. Our
findings indicate that interrupting these routines could create
the necessary window of opportunity to motivate users in
other ways, such as consuming electricity when green energy
is available. We, however, argue that it would not be a viable
option as routines are so interdependent that interrupting
them would be difficult without proper motivation.

Price as Motivation
As stated earlier there are two ways to cope with peak
demands seen from a flexibility point of view. One can
either move electricity consumption away from peak demand
periods or by consuming when there is a large production
of green energy. These factors are, however, mentioned as
negligible from the consumers point of view when concerning
the movement of usage, as such actions would intervene with
daily routines. Our findings suggest that price is the strongest
motivational factor to enable the consumers in moving their
electricity usage. The current problem is that peak demands
are not directly influenced by the price of electricity as price
is currently fixed.

The question arises of how to use the price so it will
directly influence peak demand periods. We see two ways
of achieving this with a focus on price. Firstly, it could be
achieved by making the price depend on either the load on
infrastructure or the availability of green energy. Secondly, it
could be achieved by making the price depend on both. Such
initiatives could motivate users by reducing their electricity
bill and allow them to move their electricity consumption
away from peak demand periods.

It can be discussed whether the existing electricity price can
influence electricity consumption behaviour. Several of our
participants were well aware that the actual electricity price
was a small amount of the total amount paid for electricity.
Participants mentioned the possibility of dynamic pricing. If
prices should be dynamic, it should therefore be considered
by how much prices should vary. Our participants stated that
it should be a substantial amount before they would consider
moving their electricity consumption. The eFlex project
also found that users were more likely to move electricity
consumption if the price fluctuated a substantial amount [22].
They found that pricing with a minimum rate of 1,50 dkk and
an upper rate of 4,30 dkk per kWh were enough to motivate
consumers to move electricity consumption.

Maintaining Sustainable Routines
We developed FlexiViz as an example of a
flexibility-enabling eco-feedback display to obtain
knowledge about consumers motivation, understanding
and interests to move electricity consumption. We designed
the system based on the two first steps from Riche et al.: raise
awareness and inform complex changes. It can be discussed
what could be done to improve technologies further with
focus on flexibility. The third step of the approach presented
by Riche et al., maintaining sustainable routines, requires the
user to continue flexible behaviour [24]. Riche et al. points
out that the technology needs to fit the home, and the users
evolving information needs.

We found that in some cases participants actually did plan to
move electricity consumption, but forgot it later. FlexiViz did
not support notifying users when they have planned to move
electricity consumption. We argue that technologies should
be further improved so that they can help consumers move
their electricity consumption, such as issuing notifications
that remind users to consume, or systems that will make
postponing tasks easier.
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Improving Current Devices
Previously we discussed factors that should enable users to
move electricity consumption. It could be discussed which
appliances should be considered as potential candidates to
move consumption. We found that the use of appliances that
are used for activities, which is a result of a sudden need has
less potential of being moved. Coffee makers, kettles and
toasters are examples of devices that users see less potential
for flexibility in. This makes sense as using such appliances
cannot be postponed for any greater amount of time (e.g. you
need your coffee now and not in four hours).

Appliances such as the dishwasher or phone charger, are
often less routine dependent. They are easier to move as
the usage can be planned and are often not involved in daily
routines. Moving electricity consumption on devices like
the dishwasher or phone charger are more likely, as they
only need a minimal amount of user interaction and can be
postponed for longer periods of time. One possible reason for
this is that the storage capacity of these devices provide users
with a greater window of opportunity for moving electricity
consumption. We found that usage on such devices can be
planned by the consumer, but they tend to forget. To prevent
this, automation could be used as a tool to move some of the
responsibility away from the consumers so that they would
not have to remember when to use electricity.

Several of our participants mentioned that they did not have
the time to continuously move electricity consumption. It
could therefore be discussed if asking the consumers to
move consumption is the right approach. Moving electricity
consumption can be achieved in two ways [22]. The first,
active flexibility, relies on users to take an active part in
moving electricity usage. The second, automating flexibility,
relies on integrating functionality into appliances that can
move electricity consumption without user interaction. By
automating appliances you move the responsibility away
from the consumers and enables the electricity suppliers to
get some control of when those appliances are allowed to
consume electricity.

It could be discussed whether electricity suppliers should
focus on active or automated choices. Even though
our participants expressed that they wanted automated
appliances, they did not want to lose control. An example
could be the dishwasher where they wanted an overrule
option for sudden dish washing. We argue that the solution
should be found somewhere in the intersection between an
active choice and fully automated appliances. We argue
that electricity suppliers, in the future, should focus on
appliances, which usage can be scheduled and require less
user interaction. We furthermore suggest that these devices
should have some degree of automation (e.g. setting a timer),
while still maintaining the possibility for control.

Probing Users
Although we had a large amount of data available, we were
not able to infer when the participants had moved some of
the electricity usage of their appliances. One of the reasons
for this was due to the fact that we could not identify the
specific appliances that was connected to a specific outlet

at a given time. Most participants stated that moving
appliances that only accounted for a minor part of their
electricity consumption, such as charging devices, would
have an insignificant impact on the entire load. This might
have resulted in them not mentioning if they had moved the
use of such appliances to other times of the day.

We used FlexiViz as a technology probe. One of the
functionalities that could have been added was to allow the
users to report actions, such as when they were about to move
or had already moved, some of their electricity consumption.
A simple solution to report such actions, could be to add a
button that should be pushed by participants. Another way
to solve the issue could be by getting the participants to keep
a diary and write down the time of the action and the reason
why. This would probably have enabled us to go more in
depth in the interviews about what actually motivated them
to take action and to see which appliances that they would
eventually move.

CONCLUSIONS
This article presented a study of users’ motivation,
understanding and interests towards moving electricity
consumption We used FlexiViz, a flexibility-enabling
eco-feedback display, as a technology probe with the intent
of facilitating discussions about moving consumption.

We designed FlexiViz based on Riche et al.’s first and second
stage of changing electricity consumption behaviour. These
steps are raise awareness and inform complex changes. To
raise awareness we visualized electricity consumption in
the display. To inform complex changes we visualized the
electricity price, the load on infrastructure and the availability
of green energy. We furthermore introduced prognoses so that
users could see when to consume.

FlexiViz was deployed as a technology probe in three
households. The study went on for 10 weeks and a total
of 12 in-home, semi-structured interviews were conducted.
Furthermore, FlexiViz gathered interaction and electricity
consumption data that could be used in the interviews.

Our findings suggests that electricity consumers have a
difficult time understanding and learning why they need to
move electricity consumption. We found that moving usage
was difficult, because it also required them to move daily
interconnected activities. Moving electricity consumption
was more realistic on appliances which usage could be
planned (e.g. the washing machine or the phone charger).
We found that the dominant motivation in moving electricity
consumption was price.

We discussed that routines need to be changed to make
electricity consumers reflect on their electricity consumption
behaviour. To get users to move electricity consumption
requires the right motivation, which we argue consists
of both information about the problem and an economic
benefit. We argue that electricity suppliers should focus
on appliances, which usage can be scheduled and require
less user interaction. We argued that they should lie in the
intersection between full automation and users making an
active choice of moving electricity consumption.
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6 Discussion

Throughout this report we have gained knowledge and insight into designing a
flexibility-enabling eco-feedback display to support flexibility and how context specific
factors influence users. To achieve this we used FlexiViz as a technology probe to
investigate how electricity consumers can move their electricity consumption. Users’
experiences with the system created a foundation for later semi-structured, in-home
interviews. The findings presented in this report could be used as an insight into which
impact the challenge of moving consumption has on electricity consumers. In a much
wider perspective this could be used by electricity suppliers to know where to put their
effort to enable households to take part in becoming sustainable.

The Everyday Life’s Dependency on Routines

We deployed FlexiViz in three households and found that moving consumption was
tightly connected to everyday life routines. Participants were highly dependent on
routines and therefore had a difficult time moving their electricity consumption. The
participants had to rethink the ways of how they consume and start to reflect on how
they use electricity to change and influence these routines. It is not a problem to move
consumption the first few times when being conscious about the change. However,
moving usage continuously quickly becomes difficult and time consuming. Participants
were more likely to move consumption during the evening routines which indicates that
morning routines are more strictly planned.

The use of appliances is highly dependent on everyday life routines. We argue that the
use of some appliances can potentially be moved. We found that appliances which do
not dependent heavily on routines and which usage can be planned were more likely to
be postponed. An example could be an iPad charger or a dishwasher. Because the iPad
is battery-powered, consumers can postpone the need for electricity consumption. The
dishwasher can often be postponed as the activity which the dishwasher is a part of is
highly independent from other activities. On the other hand, appliances which usage was
the result of a sudden need, were not likely to be postponed. Examples of such appliances
are coffee makers and toasters. We argue that electricity suppliers should focus on making
consumers move consumption on appliances that could be planned.

Engaging Users in Moving Electricity Consumption

To get users to move electricity consumption requires a strong motivation. We found
that the reason to why users were not moving consumption was the lack of information
and a missing financial incentive. Our participants mentioned that electricity suppliers
should increase the general public awareness towards the problem of peak demand
periods. This would in turn make users more likely to reflect upon electricity usage.
Even though FlexiViz provided real price data, the users knew that it would not have
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any direct impact on their electricity bill. We found that the financial incentive should
be considerable if users were to move consumption. We suggest that dynamic pricing
should be considered to make users move electricity consumption. Price of electricity do
not have any influence on peak demand periods as pricing is currently fixed. We argue
that by making the price depend on either the availability of green energy, the load on
infrastructure or both, we can change electricity consumption behaviour.

It can be discussed if it is the right decision to involve the users to take an active part
in moving electricity consumption. After all, we have learned that most families have
little time for moving electricity consumption activities due to busy schedules and strict
routines. In contrast to users making the choice themselves, we find automation to be
another possible solution. However, our findings suggest that not all appliances can or
should be automated. We suggest that future technologies should support automation
while still enabling consumers to make an active choice to move electricity consumption.

Visualizing Data and Information Capacity

FlexiViz consists of six views that visualize information in various forms. The first three
views, Price, Load, and Environment, are created with the purpose of giving as minimum
spatial information about electricity consumption as possible within a domestic
household. Furthermore each view only contains one additional line representing either
price of electricity, the load on infrastructure or the availability of green energy. By
simplifying the data within the view we strived to make the designs as simple as possible,
but still with context related information. These views was implemented using pragmatic
visualizations, which should make the information presented easily understandable.

Some of the focus group participants mentioned that the first three designs were close to
being oversimplified and that the information capacity within these views was too low.
This made it difficult to interconnect the various pieces of information presented by the
system. To overcome this the Overview design was implemented with the purpose of
supporting this missing link by allowing the users to interconnect the various data. The
three pieces of flexibility related information were incorporated within the Overview,
which resulted in a view containing a large amount of information. The focus group
participants stated that the large amount of information in contrast to the first three
views could make it difficult to decide when to consume.

Another problem that occurred was, that it was difficult to make a connection between the
different pieces of information. The line indicating the availability of green energy indicates
that the consumer would benefit the most from consuming when the line is near the top
edge. Whereas the other two lines, price of electricity and the load on infrastructure,
indicate that the consumer should use electricity when they are close to the bottom edge.
This led to some confusion among the participants. It made it difficult to interpret when it
would be most favourable to consume. We argue, that the different lines could be designed
to have the same meaning. The lines should indicate that it is non-favourable to consume
when the line is near the top edge and vice versa.
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The Joint Effort for a Sustainable Future

Solving the problem of peak demands is a national challenge. We have studied
consumption in domestic households only, as domestic consumption account for one third
of the total national electricity consumption. To solve the problem requires a joint effort.

A general attitude that we encountered, was that participants considered their part of
the total consumption as insignificant, and that it is the responsibility of the electricity
suppliers to solve all problems related to energy supply. During our study we attempted
to inform participants of their role in relation to the consumption of the entire society. To
make users aware of the fact that it makes a difference if they move their consumption
away from peak demand periods, is not a trivial task.
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7 Conclusions

In the last decade the concern for the environment has increased. A major focus has
been on conserving energy to limit environmental impact. While conserving energy is
still of importance, it is not possible to completely eliminate domestic electricity
consumption. This however does not solve the problem of peak demand periods. To
solve this problem it is necessary to move electricity consumption to more favourable
times of the day. We refer to this as being flexible. In this report we presented two
articles that relates to flexibility, but with a different focus.

In the first article we built a system that visualised electricity related information to the
user. We called this system FlexiViz. The purpose of FlexiViz was to facilitate a
discussion that could explore users’ motivation, understanding and interests concerning
moving their electricity consumption. We implemented FlexiViz as a flexibility-enabling
eco-feedback display which consists of six views. We designed the views based on Riche
et al.’s first and second stage to accomplish a more sustainable behaviour. These stages
are raise awareness and informing complex changes. To raise awareness we visualized
electricity consumption in the display. To inform complex changes we visualized
electricity price, the load on infrastructure and the availability of green energy.
Furthermore we introduced the concept of prognosis and flex points so that users could
see where to move consumption and how much they have moved usage.

In the second article we describe the study of exploring electricity consumers motivation,
understanding and interests towards moving consumption. We used FlexiViz as a
technology probe to facilitate discussions about flexibility. A total of 12 semi-structured,
in-home interviews were conducted with the three participating households. We found
that it was difficult for users to understand the necessity of moving electricity
consumption, primarily because they had not been confronted with the problem of peak
demands before. To make users move electricity consumption proved to be a difficult
task, because it requires a large amount of continuous planning. The planning disrupts
routines, forcing users to rethink and reflect on their electricity consumption behaviour.
Therefore a strong motivation is required. Users stated such a motivation to be the price
of electricity. Besides motivation we also found several obstacles for moving electricity
consumption. Examples of such obstacles were the lack of information about the
problem and the absence of technologies notifying users of when to consume.

Lastly we discussed how routines should be changed to make electricity consumers reflect
on when and how they consume electricity. Making the users reflect and determine how
they can become flexible consumers is difficult. To ask users to move consumption
requires a strong motivation, which we argue consists of both information related to the
problem and an economic incentive. To effectively enable users to move electricity
consumption, they should furthermore be supported by appliances with built-in
flexibility-enabling technology.
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8 Limitations

Through our study we have observed certain limitations towards moving electricity
consumption. Several of the participants in our study mentioned that FlexiViz had
certain limitations. The price of electricity visualised in FlexiViz were based on real
data. However, the households were well aware that if they acted according to those data
nothing would happen to their electricity bill. We argue that a limitation towards our
study was that the actual electricity price did not change according to data in the
system. This would probably have enabled us to go further into detail of motivations
towards moving electricity consumption.

Another possible limitation in FlexiViz was that we could only measure on appliances
that were connected to the ZenseHome system. During the interviews focus were on
heavy electricity consuming appliances such as the stove and the washing machine. A
drawback was that we could not measure the consumption of such appliances, because
they were not connected to the ZenseHome system. This meant that we could not verify
using our quantitative data if participants had actually succeeded in moving any
electricity consumption. Measuring these appliances would probably have enabled us to
verify several statements from participants as well as showing more precise information
in FlexiViz.
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9 Further Work

In this project we have presented our work in two articles. In the first article we introduced
FlexiViz, a flexibility-enabling eco-feedback display that visualizes information related to
moving electricity consumption. In the second article we used FlexiViz to explore the
human factors in moving electricity consumption. We see the following possibilities for
further work.

Designing Systems for Flexibility

We developed FlexiViz based on the two first stages of behaviour change described by
Riche et al. The designs underwent early evaluation to ensure that users would
understand the designs. While the participants did understand the designs, we did notice
certain suggestions for changes. We used FlexiViz as a technology probe, but instead of
focusing on human factors we suggest that further work could go more in depth
concerning design implications. Furthermore we suggest an approach where participants
should be the center of design.

Measuring Behaviour

During our study we did not see any persistent change in user behaviour from our
quantitative data. The purpose of FlexiViz was to supply us with topics for discussions
during our interviews. We suggest a redesign of FlexiViz if the purpose is to measure
changes in electricity consumption behaviour. We suggest that users should interact with
the system whenever they move electricity consumption, making it possible to observe
specific behaviour changes. Another way to address the problem towards measuring
behaviour change could be by getting the participants to keep a diary of when and why
they decided to move electricity consumption. This would give further discussion topics
to the semi-structured interviews, and it would allow for more in-depth questions. For
example it would be possible to ask about specific occasions where electricity
consumption had been moved.

Maintaining Sustainable Routines

In the first article we presented the design for FlexiViz. Another idea for further work
could be to explore the last step suggested by Riche et al. which is maintaining
sustainable routines. This step requires the design to evolve with the users needs which
requires that the study continues for a longer period of time to be able to observe the
effects of such a redesign. We therefore suggest that the study in this report continues
and that the design evolves to fit the users.
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