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Abstract
This paper outlines the roadmap and the preliminary
results of a data-driven study aimed at providing the
real-time notification using ambient displays tailored to
people having solar panel and home storage battery
installed at households. The objective of the research
presented in this paper is to manage householders’
attention so that they can adapt to a lifestyle helping
them maximise the use of renewable energy.
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Introduction
The Ubiquitous computing and the sensors together
have been playing a vital role in observing households
to improve quality of life, provide cost-effective
solutions and help users acting sensibly as a global
citizen [1, 2, 3]. In recent time, the arrival of the
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Internet of Things (IoT) as an enabling technology for
the next generation of applications coupled with
ubiquitous computing makes it more potent in
extracting
high-frequency
data
from
various
sophisticated sources that would have been difficult or
strenuous in the past [4]. On the other hand, ambient
displays such as lamps and LCD screens have seen a
significant reduction in price. Such displays come with
the internet-enabled functionalities that can be
programmed, monitored and altered remotely [5, 6].

Figure 1: A typical
rooftop having solar
panel installed in the
United Kingdom.

This study1 uses the combination of the Internet of
Things (IoT) and Ambient Displays to manage
householders’ attention so that they can adapt to a
lifestyle helping them maximise the use of renewable
energy at home. The study conducts two sets of
month-long evaluations to understand whether the IoTenabled ambient displays help householders to improve
their renewable energy consumptions.
The contribution of this paper is in two folds: first, it
sets up an IoT infrastructure to monitor Solar PV
generation,
battery
storage
and
household
consumptions; and second, it showed using a datadriven evaluation approach that IoT-enabled ambient
display potentially impacts on the energy consumption
behaviour of the householders and help them improve
their renewable energy usage at home.

Figure 2: Map showing
Milton Keynes, Leighton
Buzzard and Luton area

The remaining of the paper is organised in four main
areas. The background and research problem section
introduces the background and states the problem
addressed in this study; the methodology section

where the study took
place.
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1 This study is a part of a large smart city project called
MK:Smart. URL: http://www.mksmart.org/

outlines how the experiments were conducted; the IoT
infrastructure section describes the infrastructure built
as a part of this study that helped to provide the realtime notification using the ambient displays and
gathering data for the evaluation from the households;
and finally, the evaluation section presents preliminary
results before the paper concludes in the conclusion
and future study section.

Background and Research Problem
Many people living in the United Kingdom (UK) have
been using the solar photovoltaic (PV) panel on their
rooftop in a bid to produce renewable energy for their
household consumptions. The government and the
organisations working with renewable energy have
been promoting this practice throughout the UK in the
form of providing with free installation of Solar PV and
often at a discounted price [7].
One of the critical problems that the householders face
while using Solar PV is the availability of the sunlight.
The sun shines and generates electricity during the day
period when most households remain empty. This
generally leads households to export energy to the grid
instead of consuming domestically. This practice is not
cost effective as homes are only allowed to export
energy at a price which is half the cost of importing it
from the grid.
To address this problem, the installation of home
storage battery becomes popular these days. It helps
battery to store the Solar PV generation during the
daytime enabling supply of plenty of renewable energy
at night. This energy can be used for running
electronics appliances and charging Electric Vehicles
(EVs) in addition to the regular energy consumptions.

However, having a home storage battery installed does
not solve the problem automatically. The householders
need to know the level of the energy stored inside the
battery to get the maximum benefits out of it. For
example, a full battery allows them to charge their EV
or use more power consuming appliances at home;
otherwise, they may leave those either for the following
day when the batter stays full or at a later period when
the energy is cheaper. Therefore, knowing the battery
level is critical to deciding as to how and when heavy
loads should be used at the households.
This study looks at the prospect of using the
combination of the Internet of Things (IoT) and
Ambient Displays to grab the attention of the users so
that they can adapt to a lifestyle helping them
maximize the use of renewable energy at home. Thus,
it seeks to find the answer to the following research
question:
Figure 3: The ambient display
as seen at the households
during the trials.

Can IoT-enabled ambient displays help householders to
improve their renewable energy consumptions?

Methodology
This study had taken a field experiment approach and
conducted trials with real participants. It was designed
based on two month-long evaluations of five
households having Solar PV and home battery storage
installed, and located in the proximity of Milton Keynes,
Leighton Buzzard and Luton areas of the UK.
In the trials, the objective was to gather household
consumption data before and after the installation of
the ambient display. The first trial took place between
13 June and 13 July without the presence of the
ambient display whilst the second between 1 August

and 31 August in presence of the ambient display. The
study also explored a knowledge-based strategy
developing perspective and selected participants from
energy expert and non-expert domain. The argument
for bringing this into play is that having Solar PV
installed on the rooftop or making home storage
battery available at home do not necessarily mean that
the householders are in full control of the setups and
making the best out of it. Without the required
knowledge, there is always a chance of not getting the
expected output from the installed appliances.
Therefore, the study aimed at knowing whether
participants from non-energy background can perform
like the participants from the energy domain do.
In this study, each of the five households acted as a
participant. Among those, two households are picked in
such a way that at least one person living there works
in energy related industry and have strong decision
making skills to obtain the best output off the setup.
These two households are called P1 and P2 in the
analysis. The remaining participants, P3, P4 and P5, do
not have residents involved in energy-related
professions. P1, P2 and P3 also have EVs amongst
other appliances. It is noted that the study considered
electricity generated from solar generation (used
directly or later from the home storage battery)
renewable green energy whilst grid electricity was
always treated brown energy.
The ambient display used in the trial is a LIFX internetenabled, colour-changeable light bulb within a spherical
lampshade as seen in the figure 3 at the participants’
home. With the help of an IoT infrastructure built as a
part of this study (described later), information of the
battery level is demonstrated in this lamp.
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The state of the colour of the lamp is varied between
orange and light blue using a scheme as follows:
Orange if level < 22%, Yellow if the level < 31%,
Green if the level < 51%, Light blue if the level < 70%,
and Dark blue if the level > 70%.
The data collection took place continuously during the
trial using the IoT infrastructure described in the
immediate next section. Although each data source
inserted a timestamp with the data to know when it
was created, the study additionally used a second
timestamp inserted at the time of arrival of the data at
the cloud data centre. This approach was taken to
make sure data were synchronized. Later, interplay
between the individual streams were observed by
overlapping the streams on each another using this
timestamp.

IoT Infrastructure

Figure 4: The top image shows
a Solax X Power device whilst
the bottom shows an Owl
Intuition sensing device in
operation at a household main.
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The IoT are sensing devices enabling many of the
objects around us with ability to communicate and
transfer data. Depending on the working principles, the
IoT can be of three types: internet-oriented that acts as
a middleware, things-oriented that provides with
sensing ability and semantic-oriented that enables
accessing knowledge [8, 9]. A combination of these
three types or just a standalone can be used to build
smart applications aiming at solving key problems in
our daily life [10]. In this study, an energy monitoring
infrastructure is developed using the things-oriented
IoT principle. This infrastructure helped understanding
the use of renewable energy consumption by the
participating homes as well as feeding the real-time
battery level information in the ambient display as a
notification device for the householders.

Figure 5: The IoT Infrastructure.

The household is a complex scenario and monitoring
energy consumptions coming from multiple sources is
complicated. Thanks to IoT, it has become simpler
pinpointing the sources and turning those into a thing
to send high frequency data. A typical household in this
study have three energy sources: the grid, direct solar
generation from the roof and domestic battery storage
that stores and supplies day-time solar energy at a
later period. Two instances of a type of sensing device
called Owl Intuition were attached to the solar
generation (Owl1) and the main grid (Owl2) lines [11].

Before

After

P1

74%

81%

P2

68%

80%

P3

64%

69%

P4

63%

75%

P5

55%

71%

Table 1: Daily average
consumption (%) of green
renewable energy by each
household.

Changes
P1

7%

P2

12%

P3

5%

P4

12%

P5

16%

Average

10.4%

Table 2: All households
demonstrated a rise in green
renewable energy consumption
presence of the ambient display.

These Owls used to send data every 12 seconds to our
cloud platform where the database was located at. A
third sensing device called Solax X Power (Solax)
enabled battery to send data every 5 min [12]. A third
script located on our cloud platform extracted these
data from the battery and stored in the database.
Figure 5 presents a simplified version of the
architecture described above.

Results and Evaluations
The analytics presented in Figure 6 combines five
participating households showing the average value of
the daily consumptions in percentage. The green area
represents the renewable energy consumed from the
solar generation or battery storage while the brown
area represents the portion of the energy consumptions
imported from the grid.
First off, it is evident from the results that installation
of the ambient display at the households helped them
adjusting their lifestyle toward improving renewable
energy consumption. All five participants regardless of
their background demonstrated growth in the
renewable energy consumption. Table 1 shows among
the households having experts living in it, P1 already
demonstrated nearly three fourth of renewable
consumptions before the lamp was installed. However,
P2 significantly fell short in the absence of the real-time
notification but improved drastically when the display
was in operation. Among the participating households
having no experts, P4 and P5 show significant
improvement in their renewable usage once they start
getting a real-time notification about the battery state
through the ambient display. Overall, an average
growth of more than 10% in the renewable energy
usage is found during the trial period.

Table 2 shows P3 is the only participating household
failed to capitalise on the setup as only 5%
improvement
in
their
already
underperforming
behaviour got revealed through the results. This
observation is intriguing because P3 is a retired couple
who seemed to be less interested in the nitty-gritty
details of the provided technological setup and
ultimately their lack of interest got reflected in their
performance. As an extension to this observation, it is
worth mentioning that P4 and P5 are households with
young families with kids who showed reasonable
excitement during the trials and later successfully
transformed it to performance. Nevertheless, from such
a small sample size no conclusive decision can be
reached, and the potential of new research opens here.
Results of this study also indicated a real-time seamless
notification such as the ambient display could
potentially help mitigating the performance gap
between the expert and non-expert participants. This
paper demonstrated that there is a substantial
provision for further research and investigation as to
how such notification management can be more
effectively used for achieving greater success in areas
like sustainability.

Conclusion and Future Studies
This paper presented the preliminary results of a datadriven study aimed at providing the real-time
notification using ambient displays tailored to people
having solar panel and home storage battery installed
at their home. Two month-long trials with five
participating households observing the states of their
renewable usage before and after the installation of an
ambient display took place during this study.
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Figure 6: The daily average energy consumption in percentage by each household during the trial period where green represents
renewable green energy and the brown is a typical representation of the mixed energy from the grid. When printed in B&W or
grayscale, the green turns into a light and the brown into a dark black tone. The Before segment of the results represents usage before
the display was installed whilst the After segment demonstrates the renewable energy consumptions of the participating households in
presence of the real-time notification provided by the ambient display.

The findings demonstrated that the presence of an
ambient display has the potential to help people
adjusting their lifestyle to cope with the technological
setup made available to them. In the future, the
authors aim to include factors like grid carbon intensity
and the amount of energy exporting to the grid to
observe a more intriguing picture from this study. The
trial period is also expected to be extended over a
verity of seasons with more participants.
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