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Abstract—Electricity peak shaving is a promising approach
to energy saving at home. The conventional peak shaving has
been conducted in an automatic and system-centric approach,
using the emerging home energy management systems (HEMS).
However, for more sustainable energy-saving, it is also important
to develop a human-centric approach, which encourages residents
to perform energy-saving behaviors by themselves.

In this paper, we present a smartphone application, named
Peak Cutter, which assists home users to perform spontaneous
peak shaving. Cooperating with a home network system, Peak
Cutter monitors electricity demand in a house, and notifies the
user via a smartphone when the demand exceeds a threshold.
The user then checks the current energy consumption of each
home appliance, and can remotely turn off some appliances to
shave the peak. We have also conducted an experiment, where
five subjects tried to save energy of our laboratory using Peak
Cutter. It was shown that a certain amount of energy was reduced
within the one-week experiment, and that Peak Cutter promoted
energy-saving attitudes of most of the subjects.

Keywords-energy-saving, peak shaving, human interface,
smartphone, home network system

I. INTRODUCTION

Energy saving has become the most urgent environmental
problem to be addressed by international society. The company
BP p.l.c., one of the world’s leading international oil and
gas industries, reported [1] that the global energy consump-
tion is 1.5 times as large as two decades ago. Lawrence
Berkeley National Laboratory reported [2] that household
energy consumption accounted for 21% of all domestic energy
consumption in the United States. Also in Japan, energy con-
sumption continues to increase [3] and the household energy
consumption has become double within the last 30 years[4].
This is because of the increase in the number of households,
the spread of home appliances and the size and rich features
of the appliances, despite its own energy efficiency gains.

A number of studies have been conducted to improve
electric energy efficiency in a household from an automatic
and system-centric approach [5][6][7]. Examples include: im-
proving the energy efficiency of an air-conditioning system
by using thermal insulation materials [5], a smart home (or
home network system) with HEMS (home energy management
system) which improves total energy efficiency by automat-
ically orchestrating some appliances [6][7], energy-efficient
appliances with ICT-based automation and optimization. We
call these conventional energy-saving method system-centric

approaches, in the sense that they achieve the energy saving
with systems.

In contrast to the system-centric approach, we consider
human-centric approach which tackles the household energy
problem with residents. This approach encourages residents
to perform energy-saving behaviors, by raising individual
awareness of energy saving. A well-known human-centric
approache is visualization of energy consumption. In general,
it is difficult to figure out how much energy is used every day.
The visualization system can tell us the amount of energy we
are using, as well as the cost that has been paid. The human-
centric approach should be used together with the system-
centric approach to save further energy.

A challenge in the human-centric approach is that it requires
strong motivation of the users. It basically relies on human
effort. The residents may give up continuing the energy-
saving behaviors if the operations are complicated. The key
to promote the human-centric approach is how to encourage
residents with a simple and interesting mechanism.

The peak shaving and load shifting of home electricity
are known to be effective technique to reduce electricity
consumption. They reduce or shift the amount of energy
consumption during peak demand periods to lower demand
periods. Traditionally, they have been implemented as system-
centric solutions. However, we consider that the peak shaving
and the load shifting are quite compatible with human-centric
approach. This is because the residents can perform their own
peak shaving, according to their preferences and life styles.

In this paper, we propose a smartphone application, named
Peak Cutter, which assists home users to perform spontaneous
peak shaving. Cooperating with our developing home network
system [8], Peak Cutter monitors electricity demand in a
house, visualizes energy consumption of each appliance and
notifies a user via a smartphone when the demand exceeds a
threshold. The user then checks the current energy consump-
tion, and can remotely turn off some appliances to shave the
peak.

We have conducted an experiment, where five subjects tried
to save energy of our laboratory using Peak Cutter. It was
shown that a certain amount of energy was reduced within the
one-week experiment. We have also interviewed the subjects
about Peak Cutter. The interview results show that Peak Cutter
promoted energy-saving attitudes of most of the subjects.
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II. PRELIMINARIES

A. Home Network System (HNS)

A home network system (HNS) orchestrates household ap-
pliances, sensors and house equipments via network, in order
to achieve value-added services. We have been developping a
real HNS called CS27-HNS[8]. CS27-HNS adopts the service-
oriented architecture (SOA). Each networked appliance ex-
hibits its features as Web services (Web-API). The Web-API
allows users or external agents to monitor and control the
device by platform-independent protocols (SOAP or REST).
CS27-HNS also integrates a smart meter, by which energy
consumption of every appliance is measured and stored to a
database in XML format.

Within CS27-HNS, we have been developing various ap-
plications. One application is the energy consumption look-
back service [9]. This service monitors the consumption of
each appliance and visualizes the statistics with environment
contexts and appliance operations. This service will be used
in our experimental evaluation in Section IV.

B. Classification of Energy Saving

In our study, we classify energy-saving approaches into two
points of view: one is system-centric approach and the other
is human-centric approach. The system-centric approach is to
improve coefficient of performance (COP) by electric appli-
ances themselves. Example appliances include low-energy ap-
pliances (e.g., LED light, liquid crystal television), and energy-
aware appliances that automatically behave efficiently using
environmental sensors (e.g., motion-sensing lights). Moreover,
the IT systems that integrate multiple appliances for efficient
energy management such as SmartGrid [10], HEMS [11]
come onto market. In a system-centric approach, the system
basically takes initiative to save energy. The energy-saving
mechanism is automatically executed without human effort.
However, it does not consider the user’s context.

The human-centric approach aims to promote energy-saving
attitudes of residents by themselves. This approach improves
their awareness of environmental issues through visualiza-
tion of consumption, learning from energy-saving guidelines,
and so on. Some agencies and companies exhibit various
guidelines, explaining how to use appliances efficiently [12].
Japanese National Policy Unit in Cabinet Secretariat has re-
ported that energy visualization could promote energy-saving
attitudes of residents and could reduce it about 10% [13].

Although the technologies prefer to promote system-centric
approaches, we consider that the balance of system-centric and
human-centric approaches is important to achieve sustainable
energy-saving behaviors. The human-centric approach strongly
depends on motivation of the residents. So complicated opera-
tions decrease the quality of life. It is necessary to provide easy
and interesting mechanisms that assist residents to perform
energy-saving behaviors.

C. Approaches of Energy Saving

Reduction of total energy demand is most popular and effi-
cient approach for all common environmental energy-saving

(e.g., water, gas, electricity). The guidelines described in
Section II-B contribute to the total energy reduction approach.
With respect to the electric energy, it is also efficient to
reduce peak demand of electrical energy. Since it is difficult
to store electric energy, electric power companies supply the
energy based on calculation of maximum demand. Therefore,
reducing the peak demand significantly contributes to the large
reduction of energy consumption.

The peak demand reduction is further categorized into peak
shaving and load shifting. The peak shaving is an approach
to reduce the amount of energy consumption during peak
demand periods. The load shifting is to shift the amount of
consumption from peak demand periods to off-peak periods.
Traditionally, the peak shaving and load shifting are both
system-centric solutions built in HEMS or Smart Grid. How-
ever, we consider that these approaches are compatible with
human-centric approach. This is because residents can perform
energy saving according to individual circumstances.

D. Research Goal and Scope

The goal of this paper is to promote human-centric approach
in each household. We propose an energy-saving method that
combines the peak shaving with a human-centric approach.
Specifically, we address the following two goals in this paper.

• Goal G1: Encourage residents to perform energy
saving spontaneously. To promote spontaneous and sus-
tainable energy-saving by residents, the effort for energy-
saving should be as small as possible. For this, it is
necessary to visualize energy consumption and to notify
in peak demands.

• Goal G2: Allow residents to check and control home
appliances anytime and anywhere. To achieve energy-
saving by residents, they should be able to operate an
appliance easily. We also think that residents should
become to be able to control appliances easily anytime
and anywhere.

III. PEAK CUTTER: PROPOSED SYSTEM

A. Overview

To achieve the goals, we propose an an application called
Peak Cutter in this paper. Peak Cutter is implemented as
a smartphone application, so that individual residents can
conduct energy-saving operations easily and quickly. Every
resident can check when a peak power demand occurs and how
much energy is consumed by every appliance. The resident
also can remotely operate home appliances when the peak
demand occurs. More specifically, Peak Cutter implements the
following three features by cooperating with our home network
system (CS27-HNS, see Section II-A).

• Power Consumption Graph: Visualizes energy con-
sumption of every home appliance.

• Peak Notification: Notifies a user of peak demand peri-
ods.

• Remote Control: Allows a user to turn off energy-
wasting appliances.
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Fig. 1. Architecture of Peak Cutter

B. Architecture of Peak Cutter

Figure 1 shows the overall architecture of Peak Cutter.
CS27-HNS is periodically recording power consumption data
of every appliance in Consumption DB. Peak Cutter accesses
Web-API to retrieve the power consumption data in an XML
format. XML parser parses the consumption data, and passes
the data to Peak monitor and Rendering program.

For a given consumption data, Peak monitor checks if the
total amount exceeds the pre-defined peak value. When the
total consumption exceeds a threshold, Peak monitor notifies
the resident by vibration and sound.

Rendering program depicts Power Consumption Graph on
a smartphone. When the resident presses the graph of the
appliance, Peak Cutter shows the home controller screen of
the appliance. Event listener detects mobile operations by
the resident and notifies HNS controller. Then, this controller
controls the appropriate appliance via network with the Web-
API. At this time, the listener stores it in Operation log.

In the following sections, we specifically explain how a user
operate Peak Cutter to perform human-centric peak shaving.

C. Checking Power Consumption Graph

Figure 2(a) shows a screen of user setting. In this screen, a
user registers his/her name, age, sex, user type (waste or save)
and language (Japanese or English). Once the user information
is set, Peak Cutter depicts Power consumption graph as shown
in Figure 2(c). Power consumption graph shows the current
electricity consumption of every appliance in a bar chart. The
screen also shows the total consumption, a peak threshold, a
user type and date. A user can check the current consumption
and threshold promptly. The graph is updated periodically (3
every second by default). Therefore, a well-motivated user can
check it frequently to perform energy-saving behaviors before
the total consumption exceeds a threshold. In the current
implementation, the threshold is automatically determined,
depending on the user type specified in the user setting.

Power consumption graph can be customized for conve-
nience of the user, as follows:

• Sort appliances in power consumption.
• Refresh the graph manually.
• Exclude appliances that are not interested.

T V
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(c) Power consumption graph (d) TV remote control

(a) User setting (b) Notification

TV

Speaker

Fig. 2. Screen-shots of Peak Cutter

D. Notifying Electricity Peak Demand Periods

Peak Cutter periodically monitors the total consumption
as a background process of a smartphone. When the current
energy consumption exceeds a threshold value, Peak Cutter
notifies the user of the peak by using a sound, vibration and
a notification screen appears as shown in Figure 2(b).

Upon the notification, the user taps the message to pop up
Power consmption graph in Figure 2 (c). The user can check
which appliances are consuming much electricity. Since they
should perform energy-saving only at peak demand periods,
we consider that they can perform peak shaving without
burden. When a user tap a graph of an appliance, the screen
is changed to Remote Control Screen.

E. Remote Control of Applicances

For example, if a resident presses the graph item TV in
Figure 2(c), Peak Cutter moves into TV remote screen as
shown in Figure 2(d). Thus, the user can switch back and
forth the remote control screen and the graph screen, easily
and quickly.

In CS27-HNS, API of household appliances are deployed
as Web services. Therefore Peak Cutter can remotely control
appliances via network. Figure 2(d) shows TV remote control.
In this screen, the resident can check the current consumption
and turn on or off the appliance. Moreover, if the appliance is
used by other users, the user can notify them of turning off by
using a voice notification service. This service plays the audio
alert, such as “Please turns off the PC.” As a result, the users
can perform peak shaving from anywhere when they receive
the notification.
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F. Implementation

Peak Cutter has been implemented by an Android appli-
cation. The code was written in Java with Android SDK,
comprising about 3,300 lines of code. Development effort was
about two man-months.

IV. EXPERIMENTAL EVALUATION

A. Experiment Settings

We have conducted an experiment, where subjects tried to
save energy of our laboratory. The objective of the experiment
is to evaluate the proposed Peak Cutter from the following two
viewpoints.

• Capability of Peak Cutter to motivate energy saving:
Can Peak Cutter promote energy-saving attitudes of res-
idents and contribute to peak shaving?

• Usability of Peak Cutter for sustainable operations:
Is Peak Cutter easy and interesting enough to perform
sustainable energy-saving behaviors?

Total five subjects participated the experiment, consisting of
two graduate students and three undergraduates. Two of the
five were interested in energy saving very much. Other two
had wasteful habits and did not like to tolerate uncomfortable
environments. The last one was not especially interested in
saving or wasting energy. They were all male in their 20’s.

The experiment was conducted in our CS27-HNS experi-
mental room (see Section II-A). We installed Peak Cutter on
the following smartphones: Android Dev-Phone One (Android
1.6), ICONIA TAB A100 (Android 3.2), CH-AND7000 (An-
droid 4.03), REGZA Tablet A570 (Android 4.03), and handed
them to the subjects. The appliances used in the experiments
were a plasma TV (Panasonic VIERA TH-58PZ800), a fan
(Doshisha GIR-350), ceiling lights (Panasonic HHFZ5810)
and an aroma diffuser (Sterling White 6640).

Every subject tried to save energy using Peak Cutter for
a week from July 23th until 29th, 2012. We measured the
energy-saving effort taken for each subject. We also inter-
viewed the subjects how the energy-saving behaviors were
from the above two viewpoints.

B. Experimental Results

Figure 3 shows daily energy consumption of our experi-
mental room in July 2012. In the figure, a gray box represents
a week from July 23th to 29th, where the experiment was
conducted. The total power consumed during the week was
376 kWh. Let us see another week from July 16th to 23th,
which is the previous week of the experiment. The total
power consumption of the previous week was 387 kwh. By
comparing the two values, we can see that Peak cutter was
able to shave 11kwh of the weekly power consumption.

The value of 11kwh might not be significant. However, the
comparison is not that simple actually. This is because the
power consumption heavily depends on various environment
factors such as weather, the number of people, and events in
the room. For a fair comparison, the two weeks must follow
the same environmental setting, which is not realistic.
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Fig. 4. Comparison of two days with and without Peak Cutter (kW)

Therefore, we have picked up two days July 18th and July
24th, which had quite similar environmental factors. Table I
shows environmental logs of 1pm of the two days, which were
recorded by sensors of CS27-HNS. We can see the similarity
in the measurements of the two days. Note that the experiment
was conducted in 24th, but NOT in 18th.

For these two days, now we make a comparison. The total
power consumption of 18th was 60 kWh, whereas that of 24
was 53 kWh. This result shows that Peak Cutter was able to
achieve 10% reduction of the daily power consumption. The
ratio was satisfactory for us, and we say that Peak Cutter surely
contributed to the reduction of total energy.

Next, we compare the two days in details, in order to see if
Peak Cutter contributed to peak shaving. Figure 4 represents
two time-series data of power consumption on July 18th and
24th, respectively. From the figure, it can be seen that the shape
of the graph of July 24th is much flatter than that of July 18th.
We can see that the peak of power consumption on July 18th
is about 3,800 kW, and the peak on July 24th is about 2,700
kW. This result shows that Peak Cutter contributed to shaving
29% of the peak value.

Figure 5 shows the statistics of operation logs recorded by
Peak Cutter. The horisontal axis represents five subjects A, B,
C, D and E, each of whom is associated with an energy-saving
attitude. The vertical axis represents the number of operations
performed by a subject to save the energy. As shown in Figure
5, the operations used by the five subjects were “turn off TV”,
“turn off lights” and “voice notification service”. They didn’t
use the aroma because there was no opportunities to use it.

The statistics show that subjects B and E operated Peak
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TABLE I
ENVIRONMENTAL MEASUREMENTS OF TWO DAYS

Inside Room Outside
Date Time Temperature Humidity Brightness People Airflow Temperature Humidity Pressure Weather

2012/7/18 13:00:00 26.6669 38 278 5 0.209 30.44464 49.0008 100 partly cloudy
2012/7/24 13:00:00 26.44468 36 251 5 0.11 30.88908 54.3376 99.75 partly cloudy
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Fig. 5. Operational log of the subjects in Peak Cutter (number of times)

Cutter many times compared with other three. Especially,
subject B, who liked energy-saving, checked the energy con-
sumption very frequently. Subject E performed spontaneous
energy-saving despite of the fact that he used to have wasting
habits. The total numbers of operations of subject A and C
were less than those subject B and E. Interestingly however,
subject A turned off appliances most frequently. Subject C
used the voice notification service many times. However, he
did not very often turn off the appliances. Subject D seldom
operated Peak Cutter, as he might not want to be bothered.

Tables II represents the result of a questionnaire performed
in the subsequent interview. The questionnaire asked attitudes
of subjects towards energy-saving behaviors, as well as satis-
faction of Peak Cutter. Table III summarizes comments from
the subjects. They include positive and negative comments and
opinions for Peak Cutter and experiments.

C. Discussion

We evaluate Peak Cutter from the two viewpoints.
(1) Capability to motivate energy-saving behaviors

In the interview, we obtained mostly positive opinions from
the subjects. For the question Q1 in the questionnaire, all the
subjects have performed some energy-saving behaviors. Three
of them said were well motivated by Peak Cutter. From the
question Q2, only one subject considered energy saving to be
tedious. We can see positive comments in Table III, including
“it was useful to control appliances from anywhere”, “I liked
to check the consumption graph, since it was interesting to
see how I’m using appliances”, and “I found it useful to
smartphone to perform energy-saving behaviors”.

The average number of Peak Cutter operations executed per
a day varied from three to eight times. Although subject E
had originally wasteful characteristics, he operated Peak Cutter

TABLE II
RESULT OF QUESTIONNAIRE

Q1: How did you do energy saving with PeakCutter?
Did when I want Did whenever I can Did willingly

2 2 1
Q2: Were energy-saving operations burdens for you?

Yes Not very Not at all
1 2 2

Q3: How should PeakCutter assist you?
Be more automatic Be more manual As it is

4 1 0
Q4: Was the notification feature effective?

Not effective Not too bad Very effective
2 1 2

Q5: Was the remote control feature useful?
Not useful Not very Useful

0 1 4
Q6: Was Peak Cutter useful for you?

Not useful Not very Useful
1 1 3

Q7: Were you tired of the experiment?
Yes Unsure No
2 0 3

TABLE III
COMMENT FROM SUBJECTS

Please give us comments about Peak Cutter
It was useful to control appliances from anywhere.
I liked to check the consumption graph.
The notification is annoying as I don’t want to turn off anything.
I wanted to set a threshold of peak demand freely.
Controllable applicances are so limited. I want to controll more.

as much as 44 times in total, which is the second most in
the subjects. Thus, we consider that Peak Cutter can promote
energy-saving behaviors to some extent.

Through the subsequent investigation, there is no significant
correlation between the energy-saving attitudes and the num-
ber of Peak Cutter operations. Thus, the individual preferences
to the application are the strong factor.
(2) Usability for sustainable operations

From the result of the experiment, it was shown that Peak
Cutter could promote residents successfully to perform total
energy saving and peak shaving. However, we found that there
is still room for improvement in Peak Cutter especially with
respect to usability.

As shown in Figure 5, subject D hardly performed any
energy-saving operations. Also as seen in from Q2 to Q7 in
table III, some subjects said that they were uncomfortable and
felt burden on the notification or energy-saving operations.
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Especially it is interesting to see Q3. Most subjects thought
that Peak Cutter should be more automatic for easy operations.

Therefore, to achieve sustainably peak shaving by all resi-
dents, it is necessary to assist them to do it without discomfort
and burden. We also found that subjects wanted to customize
the notification method, as well as assist level based on the
preferences. We will implement the personalized features in
the future development.

V. RELATED WORK

Ying-Xun et al. [14] proposed a system that promotes
energy-saving attitudes by visualizing energy consumption of
home appliances using a smart meter. Residents can monitor
their appliances in a real picture and turn off the appliances
when there is no one in the room. This study has the same
goal as ours in terms of assisting energy saving behaviors.
However, it is different in that it focuses the reduction of total
energy consumption. On the other hand, our study tries to
reduce the consumption in peak demand periods.

Jinsoo et al. [15] implemented an energy visualization and
remote control system using ZigBee. The unique point is that
it tries to reduce standby electricity. This study is similar
to ours in that it promotes energy saving by remote control
and visualizing energy consumption with HEMS. However, it
differes in that we focus on the human-centric approach. In
our study it is a human resident who turns off the wasteful
appliances. This is to motivate people for energy saving.

Recently, there is an increasing number of studies about the
load shifting. Sean et al. [16] proposed Least Slack First (LSF)
which performs load shifting automatically without residents
burden. LSF disperses energy consumption of peak demand
periods by avoiding simultaneous utilization of appliances
automatically. By adopting this approach in our study, we
would expect more efficient energy-saving.

The common goal of these related work is to save energy
although their details are different from each other. We con-
sider that these studies do not conflict with Peak Cutter, and
that they should be complementary to achieve more efficient
energy saving.

VI. CONCLUSION

In this paper, we have proposed a smartphone application,
named Peak Cutter, which assists home users to perform
spontaneous peak shaving. Cooperating with a home network
system, Peak Cutter monitors electricity demand in a house, vi-
sualizes energy consumption of each appliance and notifies the
user via a smartphone when the demand exceeds a threshold.
The user then checks the usage of energy for every appliance,
and remotely turns off some appliances.

We have conducted an experiment, where five subjects tried
to save energy of our laboratory using Peak Cutter. It was
shown that a certain amount of energy was reduced within the
one-week experiment. The interview results show that Peak
Cutter promote energy-saving attitudes of most of the subjects.

Basically, peak shaving should be performed not on single
house but on city or country. In this paper, we developed

Peak Cutter for single home use. In our future work, we
will extend Peak Cutter to check society-wide peak demand
using ICT-based smart city infrastructure. We will also have
plan to extend Peak Cutter features so as to provide an
assist adapted individual preference for more sustainability and
spontaneously energy-saving by all residents.
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