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Abstract. This paper reports a study, which examines how people experience a
Home Energy Management System (HEM). We conducted a probe study with
six families in China for two weeks. From our study, we found that people had
difficulty in understanding energy data, which were shown as graphs. Families
with teenage children showed more interest in using the Home-Energy Management System. Overall, all the participants were fascinated by the remote
monitoring and controlling of the appliances offered by the probe. Based on the
findings, opportunities for designing HEMs for the target groups are discussed.
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1

Introduction

Home Energy Management Systems (HEMs)/eco-feedback systems are defined as
intermediary devices installed at home that can visualize, monitor and/or manage
domestic gas and/or electricity consumption [1]. The end-goals of HEMs are to help
homeowners to conserve energy, reduce cost of energy bills and improve comfort [3].
It is a fact that residential energy consumption has been increasing each year in China
due to the rapid urbanization [1, 2, 4]. There exist a gap between an awareness of
energy-conservation and behaviors, because it is difficult for users to link their various activities and develop a coherent, comprehensible, and concise cognitive frame of
what energy conservation could mean in one’s everyday life [2]. HEMs offer a worthy solution by providing timely feedback of daily energy usage. It is evident that
some studies and experiments of implementing HEMS into people’s life have been
conducted in western countries [1, 8]. Several Chinese companies have already
stepped into this field and have started developing solutions. However, it is not known
how HEMs can be applied to existing Chinese families, which arouses great curiosity
for further exploration.

2. Experiencing the Plugwise HEMS package
To discover how people would feel using a home energy management system, user
experiments were conducted in Chengdu, China. We used the Plugwise package [7] to
assist participants to monitor in-home energy usage and take control of it. The Plugwise package contains four basic components such as one or more Circles, Circle+,
USB Stick and Source Home Software. The Circle is plugged in between an appliance
and the socket. It measures energy consumption of the connected appliances and can
switch it on and off, and send the measured energy consumption data to the Plugwise
software via Zigbee wireless network. The Circle+ has the same functionalities as a
Circle, but also serves as the network coordinator to control and organize the network.
The USB Stick is the connection between the Plugwise Source Home Software, the
installed plugs (Circles) and other Plugwise products. After being connected to the
USB port of the computer, the Stick receives data from and transmits commands to
the installed Plugwise modules. Source Home is the Plugwise software for visualizing
energy data and controlling appliances. Ten upper-middle class families responded to
volunteer the experiments. However, four families did not install the Plugwise program (three families felt uninterested and bothered to install it, and one family was
leaving for a vacation and found no time to experience the Plugwise package). Hence,
in total, six families used the Plugwise package for two weeks.
2.1 Procedure
On the first day, the Plugwise PC program was installed by the first author. Later
on, participants were asked to choose several household appliances to be connected
with the Circles to measure electricity consumption (see Fig. 1). After the program
was ready and all the hardware were well connected, the interface was shown to the
participants with an explanation of each item. Then sensitizing cards were left to participants to fill in. People were asked to first explore the program and then answer a
few questions, which would reflect their experience with the Plugwise system. Finally, they needed to fill out the task cards after each time they checked energy usage
data. On the day when the Plugwise package was picked up after the study period, the
participants completed an evaluation form and participated in short interview sessions. The sensitizing card consists of three parts: 1) collect first time user experience,
2) task card to understand why participant would like to use the probe, what kind of
data they are concerned about and what is their emotion, and 3) an evaluation form, to
get an overall opinion of the system. The interview data were analysed thematically.

Fig. 1. Circle+ is connected to a television; circles is connected to a desktop and to a refrigerator (left to right)

2.2 Results
Test participants cared more about high-energy consumption appliances. They always chose what they thought were high energy consuming, such as television, water
kettle, laptop and refrigerator. However, they did not choose air conditioners because
it was not the right time to use them. They appreciated that it was easy to use the
Plugwise hardware but some participants thought it was troublesome to install the
plugs for the first time. Furthermore, they felt it was quite like magic that with just a
small device, they could track energy consumption of their household products in a
simple way. However, since it was only a test for a shorter period, participants did not
feel a strong involvement with the system.
Families with teenage children showed more interest in HEMs. From the sensitizing booklet, some feedback were received, such as when asked what emotional feeling they might have when they checked energy information on the Plugwise dashboard. Participants reported that it was interesting to receive energy feedback. Participants had questions about energy consumption such as how much electricity it would
consume if the computer was on for the whole night? How much electricity it would
consume for one light and how much they could save? These detailed information
were present however, participants did not know how to switch between different
views in the Plugwise dashboard.
The energy feedback data were understandable, but they could not evoke a sense of
caring of the participants because the data were found meaningless to them. Two of
the participants mentioned that the reasons for causing the changes were not clear to
them, which made them feel frustrated after seeing the graphs. Participants were not
interested in seeing the numbers and information provided on the interface. They
reported that the data in kWh and graphs are generally understandable but quite meaningless to them. “I know what this means, but I need energy forecast. Since I still have
to consume this amount even I know its energy usage, I am not sure this system will
make a difference on my family.” (One person from family #5). “Those data are not
hard to understand, but according to my knowledge, I cannot understand why the
curve is shaped like this? I want to know the reason caused the changing which I cannot find in the program.” (One person from family #1)
Participants were very interested in the turn on/off the appliance function provided
by the Plugwise HEM package. Participants were quite surprised by remote control
function when it was shown to them and later when they interacted with it. One participant even asked to set a schedule for their television because sometimes they fell
asleep and left the TV on for a whole night.

3. Discussion and Design Implications
For some families, the program could only be installed on a desktop computer,
which they used very often. Hence, it was not convenient to check the energy data

now and then, which was the limitation of the Plugwise HEMS package. They treated
the Plugwise system as a test rather than their own property, so they did not pay much
attention and did not truly experience it, either. At this phase, by using the system, it
is important to help users to cultivate their awareness of in-home energy management.
Making energy more transparent to people proved to be a key insight for changing
consumers’ attitude and behaviour towards saving energy [6, 8]. Although it is argued
that money is not a good stimulus to rise people’s attention in the long run, it is still of
great necessity in the early development phase when people start to experience any
HEMS. Another remarkable finding was that participants were more attracted to the
remote control of household appliances rather than the home energy management
system. The reason was that the remote controlling of appliances at home provided
them direct advantages when compared with the home energy management system.
This also verifies that if users could be offered some benefits, they could pay more
attention to HEMS. Besides cost-effectiveness it is an influential aspect to consider
when designing HEMs for the target group. From the study, it has been revealed that
the target groups are positive to accept the notion of controlling home appliances
remotely, which can be considered part of HEMs. Therefore, it is assumed that integrating HEMS with smart home control system could be a good idea for the target
group. Another key design issue is the visualization of the energy data, which should
be more meaningful to the users and help users to get engaged. Though our study
period was quite short and the Plugwise package had several limitations, it was helpful to gather valuable feedback, which provided directions for designing an adapted
Home Energy Management System (HEMS) for the target group.

References
1. Van Dam, S.S., Bakker, C.A. and Van Hal, J.D.M. (2010). Home energy monitors: impact
over the medium-term, Building Research & Information. Vol. 38 (5) 458--469.
2. Fischer, C. (2008). Feedback on household electricity consumption: a tool for saving energy? Energy Efficiency 1:79--104.
3. Ning, Y., Cai, Y., Ding, T. (2013). Research: Characteristics of Chinese Urban household
energy consumption, Journal of Beijing Institution of Technology (social science edition),
vol.15, NO.1, Feb, 2013
4. LaMarche, J., Cheney, L., Christian, S., Roth, K. (2011). Home Energy Management Products & Trends, Fraunhofer Center for Sustainable Energy Systems, Cambridge, MA.
5. Wei, Y.-M., L.-C. Liu, et al. (2007). The impact of lifestyle on energy use and CO2 emission: An empirical analysis of China’s residents. Energy Policy 35: 247--257.
6. Darby, S. (2006). The effectiveness of feedback on Energy Consumption. A review for
DEFRA of the literature on metering, billing and direct displays., Environmental Change
Institute University of Oxford.
7. Plugwise. https://www.plugwise.com
8. Petkov, P., Goswami, S., Köbler, F., Krcmar, H. (2012). Personalised eco-feedback as a
design technique for motivating energy saving behaviour at home. NordiCHI 2012: 587-596

