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Abstract
The key to designing better home energy management
systems is in-depth understanding of the context
underlying energy usage. The common method of
inferring the underlying context is data collection through
extensive sensor deployments and then deriving contextual
ties between factors like occupancy and energy
consumption. There is, therefore, a lack of studies that
use first principle approaches like interviewing households
to understand the major factors that influence energy
consumption. In this work-in-progress paper, we present
preliminary results from an interview-based study on
households in low-income neighborhoods in Baltimore
City. We show that there are several factors like house
insulation, use of old appliances, and specific activities
that influence energy consumption. Moreover, we have
found that households in these neighborhoods are willing
to volunteer their homes as testbeds for collecting
contextual data and are primarily incentivized by
reduction in their electricity bill.
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Introduction
A key element to managing energy in the home is
understanding the underlying causes that influence energy
usage. For instance, if home occupancy is an important
determinant of energy usage, energy management systems
can be built that adaptively duty cycle home appliances
based on the number of users in the home. Similarly, if
activities such as cooking are a major cause of energy
drain in the home, energy management systems can focus
on directed recommendations that minimize energy usage
while cooking. The state-of-the-art approach to mining
ties between context and energy usage relies on deploying
a rich set of sensors to collect data on ambient
temperature, humidity, and occupancy. The sensor data is
then used for post-priori analysis to infer ties between
contextual cues and home or appliance energy
consumption. Such an approach is adhoc and its success
relies on intelligently choosing the right set of contextual
data to collect. It is however, infeasible to exhaustively
collect every context that can influence energy usage
using sensor deployments. There is a lack, therefore, of
systematic studies that use first principle approaches such
as directly interviewing with the user, to mine the key
contextual causes that influence home energy
consumption. This fundamental understanding can help
more directed data collection of the most relevant context
and can consequently be used to build better home energy
management systems.

To address this challenge, in this work, we are performing
an interview study directed at understanding the
underlying context that influences energy consumption.
We target a novel class of homes for our interview
study—low-income households in Baltimore, Maryland.
These are homes where the household income is less than
20,000 a year. We chose this target population for our

study due to two reasons. First, for these households, a
monthly electricity bill of 100 amounts to more than 10
percent of their annual income. Hence, money spent on
electricity consumption accounts for a major fraction of
their income. We, therefore, hypothesize that these
subjects would be aware and vigilant of potential causes
of energy consumption and wastage. Secondly, due to the
high cost of sensors, the penetration of technology for
energy management is scarce in these low-income groups.
However, since the homeowners are motivated to
minimize their electricity bills, there is an inherent
incentive for them to participate in our study and install
sensors and other tools for automated home energy
management. Therefore, these households are a fertile
testbed for experimentation of new context collection and
sensing modalities.

While our interview study is still a work-in-progress, and
we have concluded six interviews till now, our preliminary
data analysis and underlying experimental methodology
presents three novel research contributions. (1) We
present an interview study that focuses on better
understanding the underlying context governing energy
consumption in the home. The study can inform more
directed data collection and energy management in
homes. (2) Our study targets low income households in
Baltimore, households that are economically incentivized
to adopt better energy management solutions. (3) We
present a preliminary data analysis from six interviews and
show that flavors of poor home insulation, use of old and
inefficient appliances, home occupancy (both humans and
pets), and regular activities are the perceived causes of
high-energy consumption.



Related Work
Our work builds on previous research on collecting
contextual data for home energy management and
usability studies related to home energy consumption.
Here, we compare and contrast our work with the most
relevant literature.

Collecting contextual data in the home
There is a large corpus of research in the sensor
community that focuses on augmenting energy
consumption or smart meter data with contextual data
[4, 5, 6, 7]. This data can help in building better
predictive models of energy usage and better demand
response systems. Collecting this data requires deploying
sensors such as temperature, motion, light, and humidity
[10, 8, 9], and inferring user activities such as cooking or
work [3]. Unfortunately the approach taken in the sensor
community is to first collect data from varied sensor
modalities, and post-priori analyze the data to find ties
between energy usage and the underlying context. Our
approach to the problem is to use interviews to first
understand the underlying causes of energy consumption
in the home and then use these insights to build a sensor
and user-driven home energy management system.

Usability studies related to home energy management
Our study is complimentary to a large body of research in
the HCI community on home energy management. These
studies include understanding the main energy consumers
in the home [2], eco-feedback systems [8] and evaluation
of better visualization techniques for home energy data.
Our study is focused on understanding why users consume
the energy that they do, and consequently use these
insights to inform a user-tuned energy management
system [1].

Interview Study
The purpose of this interview study is to answer three key
questions. (1) What are the salient underlying causes of
home energy consumption? (2) What are different ways
that we can collect this contextual data while being
minimally intrusive to households? (3) What are the
incentives that would motivate users to provide us this
contextual data?

Methodology: We conducted semi-structured interviews
with consumers residing within Baltimore City, Maryland.
Baltimore was chosen since there is a wide range of
income and demographic groups in this area. Since our
target population was low-income households, we focused
on two income brackets: households within lower income
brackets ($0 - $20,000 per year) and a high-income group
(greater than 40,000 per year). The second income group
acts as a control for the first income group and provides
us a substrate to compare and contrast the two groups of
households.

Recruitment: We sent out emails and put up flyers in
different areas of Baltimore. Baltimore is essentially made
up of a series of neighborhoods, each of which have their
own personality. Residents in each neighborhood usually
have similar demographics, but we wanted to verify that
with the interview questions. Pre-screening of the
participants occurred via phone, text and email. We
wanted to get participants from varying demographics and
residents of several Baltimore neighborhoods, so
pre-screening was essential to filter the variety we were
seeking.

The interviews took place at various locations, depending
on the participant’s preference. During the interviews, we
asked questions relating to demographics to get more
specific information about their home construction,



residents in the home, age, work schedules, and general
familiarity with technology. To find out more about their
thoughts on energy consumption, we inquired about
general energy usage regarding heat, lights, major
appliances and seasons. Then we discussed other factors
on energy usage, including cooking, entertainment,
personal hygiene, and home cleaning. To conclude, we
questioned the households about their preferences for
collecting contextual data. For example, would they prefer
a smartphone application to log their activities, or would
they prefer a minimally intrusive sensor-driven whole home
monitoring system, or would they prefer a
recommendation system that would remind them of when
to provide context. The interview style was
discussion-based, which allowed the home residents to
reflect and present their own views on what they thought
primarily influenced their energy consumption.

Preliminary Insights
We have collected data from six interviews till now. The
demographic information for the six participants is
illustrated in Table 1. As shown in the table, we
interviewed three households from the low-income bracket
and three from the higher income bracket. Our participant
included females, males, graduate students, rental
households, as well as homeowners. While we are in the
process of collecting a much larger dataset (at least 30
participants), here we summarize three salient insights
that we have inferred from our data.

Insight 1: Home insulation and use of old appliances
cause high-energy draw in low income households.
The three participants in the low-income bracket pointed
to insulation problems in their houses and the use of old
appliances as major causes of energy draw. Poor
insulation and energy inefficient building makeups are

common problems in low-income neighborhoods where
minimal effort is paid on renovations and energy audits.
For instance, one of the participants mentioned:

“My windows and doors are the worst. I can hear the
wind coming through the windows; I?m thinking of
putting that wrap around them but it’s so ugly.”

Implication: To quantitatively measure the effect of poor
insulation and old appliances, it is important, therefore, to
collect appliance level energy consumption data and data
on leakage (heat and air) due to poor insulation of
windows, doors, and basements.

Insight 2: Occupancy of humans and pets as well as
conflicting comfort levels of occupants influence
energy consumption. While it is well known that
occupancy and user schedule is a primary determinant of
home energy consumption, in our interviews we found
that collecting context on human occupancy is not
sufficient. In fact, several homes have pets, and pets are
at home when the homeowner is at work (5 days a week).
Therefore, quantitatively, the occupancy of the pet has a
larger affect on the home energy bill than human
occupants. We also found that conflicting comfort levels
amongst occupants can lead to substantial energy draw.
For instance, one of our subjects who lives with his
partner mentioned:

“My significant other has the fan on even in the winter.
She is hot all the time. I’ve taken to cracking the windows
to keep the circulation up and I don’t like having the fan
blowing on me when I sleep?”

Implication: Therefore, it is key to not only collect data
on the number of home occupants but it is equally



important to collect data on who the occupant is and
whether the occupant is a human or not.

Insight 3: Regular activities are a major energy sink.
Several of our participants, especially in the low-income
group pointed to specific activities as major energy
consumers. For instance, cooking and using hot water
during bathing was pointed out as an important activity
that drains a substantial amount of energy.

Implication: Collecting data on human activities using
sensors alone is a hard problem. Hence, it is important to
engage the user in providing data on activities using
technology like smartphone applications.

Age
Household

Income
Gender Occupants

32 150K Female 2
24 15K Female 3
48 15K Female 2
49 76-100K Male 1
32 100K Female 1
43 15-30K Male 3

Table 1: The table illustrates the demographic information
for our 6 participants.

All of our participants welcomed the idea of using sensors
and smartphone applications to log activities and other
contextual data. They even volunteered to manually log
activities on condition that the application reminds them.

From our preliminary analysis, we also gleaned two
primary incentives that will motivate users to provide
contextual data. The first incentive is to save money on
electricity bills. This was especially true for our
participants in the low-income bracket. The second

incentive was to understand energy usage in the home
better so that users could modify their behavior to better
manage energy. This was true for the more technically
savvy subjects. For instance, one of the participants who
is an engineer stated:

“I would want to see the data, because I am analytical.
Then I would have to see if the data justifies what you are
trying to sell me?”

Future Work
Our preliminary data analysis on a small subset of
interviews shows that occupancy, appliance type, and
activities influence energy consumption. Users are willing
to participate in providing this contextual data with the
incentive that it would lead to better energy management
systems, and consequently leads to reduction in electricity
bills. Moreover, we have found that low-income
participants were in general more aware of their energy
bill. From this bill, they are keenly aware of what major
factors influence the bill?s amount: weather, season and
home occupancy. In contrast, higher-income participants
only pay attention to their bill when it is significantly
higher than usual. They see that they have used more
energy than is usual, but they don?t know what exactly
causes the fluctuations. Providing this information will aid
them in modifying behavior and controlling home energy
usage.

Our next steps is to perform an more exhaustive interview
study with at least 30 participants and glean statistically
significant results on understanding the factors that
influence energy consumption, modes which participants
are comfortable providing this context data, and the
underlying incentives to participate in an energy
management study.
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