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Abstract—Visualizing energy consumption is a useful method
that prompts people to perform energy-saving behaviors. Many
systems for the energy visualization come onto the market. Since
purposes and attitudes to energy saving vary among individuals,
it is difficult to satisfy all users by static ready-made visualization.
To cope with the problem, this paper presents Personalized En-
ergy Visualization Service (PEVS), which dynamically generates
appropriate visualization for individuals based on preferences.
PEVS extracts user’s requirement with a questionnaire wizard.
We design the questionnaire in a goal-oriented fashion, from
viewpoints of term, unit and scope. We then consider how to
select an appropriate graph from the answer of the questionnaire.
An experimental evaluation shows that every subject was able to
create a unique personalized visualization easily.
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I. INTRODUCTION

Energy saving is an important challenge for our society as
exhaustion of resources and environmental problems increase.
In Japan, the energy consumption of households accounts for
14 % of the total [1]. Energy saving should be addressed not
only industrial circles but in individual home.

Visualization of power consumption is known as a useful
means to promote energy saving in home [2]. The advantage of
the visualization is that it can present actual power consump-
tion visually and intuitively for various purposes. By making
residents understand the actual power consumption, the visu-
alization aims to encourage energy conservation actions spon-
taneously. There are a wide variety of purposes and methods
of the visualization. They include, for instance, understanding
real-time power consumption, comparing power consumption
among different appliances, checking power changes of an
appliance in different modes.

Several systems visualizing the power consumption of
houses are appearing on the market in recent years [3][4].
These systems are basically developed by system vendors, and
home users use the systems as they are. However, preference,
lifestyle, motivation and objectives for energy saving efforts
vary among individual users. Therefore, it is difficult to satisfy
all users by static ready-made visualization. For example, for a
user keeping economy in mind everyday, showing the price of
energy would promote more effective energy saving behaviors
than showing the energy in watt. For those who are in the habit
of leaving air conditioners on, it would be effective to make
them review the total waste of energy consumption, instead

of just showing current power consumption. If a user wants
to know an impact of consumption of a large TV, it is useful
to show the comparison to other devices. Thus, the optimal
visualization should vary among individual contexts.

In this paper, we propose a service that can visualize power
consumption flexibly based on user’s preference. We call the
service Personalized Energy Visualization Service (PEVS, for
short). PEVS dynamically generate charts of power consump-
tions based on contexts, purposes and requirements given by
a user. Specifically, PEVS first obtains user’s requirements of
visualization by using a questionnaire wizard. It then displays
data satisfying the requirements in an appropriate graph. In
this paper, we design the questionnaire of PEVS from three
viewpoints of data: term, unit and scope. We then consider a
method of selecting an appropriate graph from user’s answer.
In the questionnaire, the term defines the period of necessary
data, including past, present or future. The unit defines an
unit to be used to represent the power consumption, including
watt, money, CO2, and so on. The scope specifies a scope of
power consumption to be visualized, including an entire house,
each room, or individual devices. Based on a combination of
user’s answers, PEVS presents candidates of purposes of the
data visualization. Among the candidates, the user chooses one
closest to the own requirement. Finally, PEVS visualizes the
power consumption with an appropriate graph chart.

Based on the proposed method, we implement PEVS as
a Web application in an actual home network environment
CS27-HNS [5]. The application consists of four components:
(1) User Requirement Interview Service which provides the
questionnaire wizard, (2) Consumption Meter Service which
obtains consumption data from CS27-HNS, (3) Google Chart
Tools which generates graph, and (4) PEVS Manager which
manages the above three services. These components are
implemented and integrated by the service-oriented architec-
ture (SOA). To evaluate the effectiveness, we conduct an
experiment where subjects create their own visualizations
using PEVS. As a result, it is shown that they can easily
create graphs that fit well their purpose. In this paper, we
also discuss future perspective of PEVS, including integration
with other house log and house configuration information, and
visualization methods other than graphs.
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II. PREPARATION

A. Energy Saving at Home

In our research group, we classify various energy-saving
approaches into two categories: system-centric energy saving
and human-centric energy saving. The system-centric energy
saving is trying to save energy by improving energy efficiency
of the things (like home appliances and equipments). The
things include LED bulbs, LCD TV, and a human-aware
lighting system that automatically turns on/off by using motion
sensors. There are also systems that use ICT technologies,
to achieve efficient home appliance control. HEMS, BEMS
[6], smart grid [7] and home network system [5] are typical
examples. The system-centric approach has an advantage that
energy saving can be achieved automatically by a system.
However, it is not good at fine and flexible controls for
human comfort. If a user wants to be comfortable, the energy
reduction is limited significantly.

On the other hand, human-centric energy saving is an
approach that promotes people to do energy-saving behaviors.
The behaviors include, for example, turning off devices that
are not used, or keeping the temperature setting of an air
conditioners higher. Guidelines for efficient use of appliances
are published by various agencies and industries [8][9]. The
human-centric approach can reduce the energy significantly, if
the user has good attitudes for energy saving actions. However,
it heavily relies on individual effort. In some cases, it may
decreases quality of life. It is important to consider purpose,
contexts, and individual preferences in order to achieve sus-
tainable and reasonable energy saving.

B. Conventional Energy Visualization and Challenge

Visualizing energy is a fundamental method that encourages
human-centric energy saving. By describing data in visual
representations like graphs, users can intuitively understand
the reality of energy usage. The visualization stimulates user’s
mind and promotes energy-saving behaviors. According to a
national report [10], the visualization power consumption can
shave as much as ten percent of the total consumption.

Recently, various products for measuring and visualizing
electricity come onto market [3][4]. The methods of vi-
sualization vary among different products. For example, a
system simply visualizes daily or monthly power using a
graph. Another system uses pictures of trees and desserts as
metaphors of wasting energy. Furthermore, an ambient display,
which using room lights for representing power consumption,
has been studied [11].

In these conventional systems, the way of visualizing energy
is developed and provided by vendors. The users just choose
one from the ready-made visualization methods. Although
many ideas of visualization can be seen, it is impossible to sat-
isfy all users by such ready-made systems. This is because the
user’s taste and lifestyle vary from one person to another. Also,
the static visualization method lead to losing user’s interests,
which is difficult to continue. In order to support sustainable
energy saving, it is necessary to implement a method that can

dynamically adapt to user’s personality, lifestyle, purpose and
motivation. We call it personalized energy visualization.

III. PERSONALIZED ENERGY VISUALIZATION

A. Key Idea

To implement the personalized energy visualization, it is
essential to clarify the following two requirements.

∙ (a) What data of power consumption does the user want
to see?

∙ (b) For what does the user want to see the data?

In the proposed method, we try to obtain the above (a) and
(b) by asking the user using a questionnaire. In order to extract
the requirements precisely, we have to carefully consider how
to design the questionnaire. We also need to consider how to
choose optimal visualization from the requirements (a) and
(b). In this study, we decide to use general graphs and charts
as the means of visualization.

B. Outline of Proposed Method

The outline of the proposed method is shown in Figure 1.
As shown in the figure, the proposed method consists of three
steps.

∙ Step 1 (Data Selection) : In this step, a user specifies
the data to be visualized, which is asked by questions.

∙ Step 2 (Purpose Selection) : In this step, the user
chooses his/her purpose of the visualization. The can-
didates of purposes are presented based on the result of
data selection.

∙ Step 3 (Energy Chart Generation) : This step generates
a graph chart. An appropriate chart is chosen based on
the selected purpose.

Step 1 is a process for extracting the requirement (a),
while Step 2 is extracting the requirement (b) described in
Section III-A. Step 3 is a process of generating a personalized
visualization result based on the requirements (a) and (b).
In the following subsections, we describe each step in more
detail.

C. Step 1 : Data Selection

In this step, a user specifies energy consumption data to be
visualized. For this, we propose a data selection method based
on the following three perspectives.

∙ Term : This perspective specifies a term of data to be
visualized. The value is chosen from past, present or
future. If the user chooses past, we can suggest that
the user wants to review the past records of energy con-
sumption. If the user chooses present, we guess that
the user wants to check the current status of consumption.
For the value future, we guess that the user wants to
estimate the future trends of the energy consumption.

∙ Unit : This perspective determines a unit of data to
be presented. The value is chosen from various units
including, watt, kWh, electric fee, CO2 emission. In the
future, we plan to consider abstract units. For instance,
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Fig. 1. Outline of Proposed Method

we convert money into articles of taste, or convert CO2
emission into environmental metaphors.

∙ Scope : This perspective determines a scope of the data
to be visualized. The value is chosen based on spatial
range, including entire house, room-wise, device-wise.

The upper side of Figure 1 shows a tree diagram of the
three perspectives in Step 1. The above term, unit and scope
are arranged from the root to the leaves. A user selects one
for each of the three perspectives, which determines the type
and range of data to be visualized.

D. Step 2 : Purpose Selection

This step extracts a user requirement of visualization using
the data specified in Step 1. Since the data type and scope has
been specified, it is possible to narrow down the way how to
use data. For each combination of the three perspectives spec-
ified in Step 1, we have conducted a goal-oriented analysis,
and derived a set of possible purposes for which the data is
used. For example, let us consider a combination (Term, Unit,
Scope) = (Present, kWh, device-wise), which is shown as a
vertical line from root to a leaf “Each Device” in Figure 1.
The combination can yield the following potential purposes of
users.

1) A user wants to know breakdown of the power consump-
tion for each device.

2) A user wants to find energy-consuming devices.
3) A user wants to compare transitions of power consump-

tion among different devices.

In this paper, such a set of potential purposes derived from the
data selection is called as a purpose candidate set. In Figure
1, a purpose candidate set appear as a cloud icon. For a given
data selection, the proposed system presents a set of purpose
candidate set. The user then chooses one closest to his own
requirement. This method can deal with a case where the user
is not aware of an explict purpose. It can also present another
choices that come up with the primary requirement. If the main
purpose of the user is not present in the candidates set, it is
necessary to have a mechanism to register the purpose in the
candidate set.

E. Step 3 : Energy Chart Generation

This step generates an appropriate graph chart that visu-
alizes the data specified in Step 1 according to the purpose
selected in Step2. For this, it is essential to consider what graph
should be used to visualize the data with the purpose, taking
the advantage and disadvantage of each graph into account
[12]. Below we summarize characteristics of major graphs.

∙ Bar Chart : It is suitable for comparison between
multiple cases 1. Basically, the height of bars indicates
the absolute value, so it is good to understand the value
without mis-understanding. However, it is difficult to
grasp the difference if the absolute values are large.
There is also a concern that the presentation is declined
with a lot of cases. The power consumption is often in
accordance with Pareto Principle (The majority of entire
is likely to be made up by a small number of cases).
Therefore, it is necessary to nicely prune cases with small
values (e.g., devices rarely used).

∙ Line Chart : It is suitable to understand the time
variation of cases. A line chart is effective when a user
wants to know the maximum or minimum value, the
amount of changes such as downward trend or upward
trend. However, if the number of cases becomes large, the
presentation gets cluttered and it is difficult to find a target
case. Moreover, the line chart is not good at presenting
cases where the time variation is flat. It is also necessary
to determine appropriate width of the period.

∙ Pie Chart : It is suitable to compare multiple cases
especially in relative ratio. By looking at how much area
is taken for each case, it is able to intuitively understand
that how much ratio is taken by the case. However, if
there are a large number of cases, the chart becomes
blurred because of the area occupied each case is reduced.
For such a case, we need to prune irrelevant cases. The
pie chart is not good at visualizing absolute values.

For example, consider the three purposes 1), 2) and 3) de-
scribed in Section III-D. Purpose 1) is to know the breakdown
of power consumption of each device. Therefore, a pie chart is
a suitable visualization because it compares the ratio. Purpose
2) compares the absolute values, so a bar chart is a suitable

1A case refers to one column of data. For example, when showing device-
wise power consumptions in graph, data of each device corresponded to one
case.
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Fig. 2. Context Diagram of PEVS

visualization. Finally, purpose 3) is to get transitions over time,
so a line chart is a suitable visualization.

In the proposed method, we link every element of a purpose
candidate set with an appropriate graph or chart in advance.
Therefore, when the user selects a purpose in Step 2, the
system automatically choose an appropriate chart. In the lower
part of Figure 1, a dashed arrow represents a link from a
purpose to a graph.

IV. PEVS : PERSONALIZED ENERGY VISUALIZATION

SERVICE

A. Overview

Based on the proposed method, we implement Personalized
Energy Consumption Service (PEVS) which visualizes the en-
ergy consumption by user requirement. PEVS is implemented
as a Web application in CS27-HNS which has been developed
in our laboratory. Figure 2 shows a context diagram of the
proposed service. Using PEVS, a user can obtain his own chart
of energy consumption, which is called personal energy chart.
The user just answers a questionaire wizard, PEVS generates
a personal energy chart that fits user’s own requirement.

Looking at the personal energy chart repeatedly may pro-
mote a user to do sustainable energy-saving behaviors. How-
ever, it is burden for the user to answer the questionnaire
many times. Thus, PEVS provides a feature that maintains
a personal energy chart in the form of URL. Once a user
creates a personal energy chart through the questionnaire,
PEVS generates a URL. Then, the same chart can be generated
dynamically via the URL without the questionnaire. PEVS also
has a feature that provides a personal energy chart as a Web
widget, so that the user can stick the personal energy chart on
Web pages and applications.

B. Architecture of PEVS

Figure 3 shows the architecture of PEVS. It explains a
scenario that generates a personal energy chart of user A using
a bar chart. A dotted box represents the developped system of
PEVS. PEVS is composed of the following four components.

∙ User Requirement Interview Service
∙ Consumption Meter Service

User A

A’s Personal 
Energy Chart

query data

data

Data
Chart Opts. Chart Obj.

User
Requirement

User Requirement
Interview Service

Consumption
Meter Service

PEVS
Manager

HNS Google Chart Tools

query

Personalized Energy Visualization Service (PEVS)

Fig. 3. Architecture of PEVS

(a) Data Selection (b) Purpose Selection

Fig. 4. Example of Questionnaire Wizard

∙ PEVS Manager
∙ Google Chart Tools

We have used Google Chart Tools to implement the graph
generation process. The other three components are described
in the following subsections.

C. User Requirement Interview Service

This service executes Step 1 and Step 2 of the proposed
method by presenting a questionnaire wizard. Figure 4 shows
an instance of the wizard. Figure 4(a) represents a screen
where a user makes the data selection process (Step 1). The
user selects a desirable value for each of term, unit, and scope,
and then presses the “Next” button. Figure 4(b) depicts a
screen where the user choose a purpose (Step 2). The user
selects a purpose closest own requirement from the suggested
purpose candidate set. Moreover, in this screen the user can
specify parameters for fine tuning of the chart representation.
When the user clicks the “visualize” button, the user’s require-
ment is extracted and passed to the PEVS Manager. The User
Requirement Interview Service is implemented by HTML and
JavaScript.

D. Consumption Meter Service

Consumption Meter Service is a Web service that provides
the current and past power consumption data of CS27-HNS.
The service obtains power consumption data of CS27-HNS,
and provides the data as XML format for each device. The
service is operated by Apache Axis2 and currently provides
the following APIs.
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Fig. 5. A Personal Energy Chart Generated by PEVS

∙ getConsumptions()
∙ getConsumptionsGreaterThan()
∙ getConsumptionsSmallerThan()
∙ getConsumptionById()
∙ getTotalConsumption()
∙ getMaxConsumption()
∙ getApplianceNameById()

For example, getConsumptions() returns power con-
sumptions of all devices connected to smart outlets in CS27-
HNS. A concrete appliance (or device) connected to an
outlet can be obtained from getApplianceNameById()
by specifying the outlet ID. By combining these APIs, it
is possible to obtain power consumption data for various
purposes. Consumption Meter Service is implemented by Java.

E. PEVS Manager

PEVS Manager is a core of PEVS which integrates the
three services. It first receives the user requirement extracted
by User Requirement Interview Service. According to the re-
quirement, it then queries and obtains the power consumption
data using Consumption Meter Service. Based on the user
requirement and the consumption data, it detemines the data
and parameters for the personal energy chart. Finally, the data
and the parameters are passed to Google Chart Tools, which
generates the personal energy chart.

PEVS Manager is mainly implemented by jQuery.

F. Example of Scenario

Figure 5 shows a personal energy chart genereated by
PEVS. This example chart is generated based on the answers
specified in Figure 4. In this example, we suppose that the user
chose a purpose “I want to compare current power consump-
tions of all devices”. Based on the purpose, PEVS generates a
pie chart, where the user can compare relative ratio of power

TABLE I
RESULT OF QUESTIONNAIRE (UNIT : PERSON)

Q1: Is PEVS convenient and easy to use?
Yes, it is. So so. I don’t think so.
5 2 0

Q2: Are you satisfied with the personal energy chart?
Satisfied. Roughly satisfied. Not at all.
5 2 0

Q3: Do you browse your personal chart repeatedly?
I will. Maybe sometimes. No, I don’t.
0 6 1

Q4: Does PEVS affect your awareness of energy saving?
I got aware of en-
ergy saving.

Nothing changed to
me.

I no longer need
energy saving.

2 5 0

consumed by the devices. In the current implementation, the
graph is updated every 3 seconds by default. The screen con-
tains a URL representation of the chart. By bookmarking the
URL in a Web browser, the user can access the personal chart
directly without answering the questionnaire. In additiion, the
generated graph can be provided as a Web widget. By pasting
the code to any Web page, a user can integrate own personal
chart with the web page as well as web applications.

V. EXPERIMENTAL EVALUATION

A. Overview of Experiment

We have conducted an experimental evaluation to see if
PEVS can generate appropriate personal energy chart in
response to user requirements. In the experiment, subjects
actually operated PEVS, and then answered a questionnaire
asking usability, satisfaction of visualization, and effect to
attitudes of energy saving. The subjects were six university
students and one faculty professor. Out of the seven subjects,
two were usually performing energy-saving behaviors, and
other five were not very interested in energy saving.

B. Result of Experiment

Table I shows the result of questionnaire. Most subjects said
that the the proposed service was useful. All subjects were
positively satisfied with the personal energy chart generated.
Also most subjects answered that they sometimes browse the
created chart again. On the other hand, only two subjects
answered that the proposed system leads to improve awareness
of energy saving. Most subjects had no effect on their attitudes
of energy saving.

C. Discussion

As for the question 2 about satisfaction, five subjects were
satisfied with the result, and two were roughly satisfied.
From the result, we consider that the proposed PEVS can
generate mostly appropriate personal energy chart upon the
requirements of users.

A comment from a subject suggested that it was difficult for
the subject to predict during the questionnaire wizard what
graph will be generated at the end. For this, we need to
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implement a feature of “preview” of the graph, so that a user
can figure out easily what graph will be generated.

On the other hand, according to the question 4, most
subjects had no effect on energy saving awareness. We con-
sider that this is because PEVS generates the personal energy
charts in the form of general flat graphs. To achieve more
personalized visualization, PEVS should richer and exciting
representation, reflecting individual preferences, purposes and
motivations.

VI. PERSPECTIVE OF PEVS

We have discussed how to implement PEVS from user’s
requirements. In this section, we consider how the proposed
PEVS can be extended with other information available in
emerging smart home and smart city environments.

A. PEVS with Home Configuration Information

In near future, every smart house will be registered in a
smart city. Each house has a set of configuration information
to represent the house itself. The information include;

∙ personal information (e.g., age and gender of residents)
∙ household information (e.g., family structure)
∙ appliance information (e.g., type and the number of

devices)

By using these information, it is possible for every family to
obtain similar families to be compared. The power consump-
tion at home strongly depends on the residents and family
structure. It is therefore difficult to directly compare the current
situation with the average of all population. Comparing it with
the similar famiries will yield more effective visualization,
which promotes energy-saving behaviors.

B. PEVS with House Log

House log refers to any history data recorded within smart
home. Typical house log includes device log and environment
log. The device log is the history of device operations,
comprised of data like date, time, device, operation, mode,
user and so on. The environment log is the environmental
information obtained periodically from sensors within smart
home. The environment log includes temperature, humidity,
brightness and so on.

Using these logs, the system can reason personal lifestyle,
favorite devices and environmental contexts when the devices
are used. Such information is useful to refine the personal
energy chart. For example, if PEVS can identify devices that
are not frequently used, PEVS eliminates them from the chart
to improve the presentation of the personal chart. As for
the devices not frequently used, PEVS can visualize standby
power to encourage plug off the devices from outlets.

Employing the environment log will detect contexts of
wasteful use of appliances. For example, “room lights are
turned on while the outside is sufficiently bright”, or “TV is
on although there is nobody in the room”. PEVS can visualize
the waste use of energy, and show how much energy is saved
when the waste is cut.

VII. CONCLUSION

In this paper, we have proposed Personalized Energy Con-
sumption Service (PEVS), which dynamically visualizes en-
ergy consumption according to user requirements. We have
conducted an experimental evaluation where subjects created
own personal energy charts, in order to evaluate the effective-
ness of the proposed service. The experimental results show
that every subject was able to easily create own chart reflecting
the preference. Our future work includes the preview feature in
the questionnaire wizard and richer visualization like natural
metaphors. In addition, we are planning to develop more
sophisticated personalizations with the home configration and
house log.

ACKNOWLEDGMENT

This research was partially supported by the Japan Ministry
of Education, Science, Sports, and Culture [Grant-in-Aid for
Scientific Research (C) (No.24500079), Scientific Research
(B) (No.23300009)], and Kansai Research Foundation for
technology promotion.

REFERENCES

[1] Agency for Natural Resources and Energy, “2012 annual report on
energy (japanese energy white paper 2012),” http://www.meti.go.jp/
english/press/2012/1116 01.html.

[2] H. HONDO, “Potential for energy conservation in households through
visualization: Three different types of visualization,” Journal of the
Japan Institute of Energy, vol. 91, no. 7, pp. 563–569, 2012.

[3] “Nec : Visualecology,” http://www.nesic.co.jp/solution/eco/
visualecology.html.

[4] “Itoki : Automatic real-time power measurement system,” http://www.
itoki.jp/company/press/2012/121018 energetic.html.

[5] M. Nakamura, A. Tanaka, H. Igaki, H. Tamada, and K. Matsumoto,
“Constructing home network systems and integrated services using
legacy home appliances and web services,” Int’l J. of Web Services
Research, vol. 5, no. 1, pp. 82–98, 2008.

[6] H. Mineno and T. Mizuno, “Toward developing adaptive bems/hemswith
overlay sensor networks,” DPS Tech. Reports, vol. 2009, no. 6, pp. 1–8,
2009.

[7] S. M. Amin and B. Wollenberg, “Toward a smart grid:power delivery for
the 21st century power and energymagazine,” IEEE Power and Energy
Magazine, vol. 3, no. 5, pp. 34–41, 2005.

[8] KANSAI Electric Power Corporation, “Enjoy energy saving life,” http:
//www1.kepco.co.jp/sho-ene/top.html.

[9] The Energy Conservation Center, Japan, “Encyclopedia of energy saving
home,” http://www.eccj.or.jp/dict/index.html.

[10] National Policy Unit, “Measures of the output gap resolution,” http:
//www.npu.go.jp/policy/policy09/pdf/20120502/shiryo3.pdf.

[11] L. Broms, C. Katzeff, M. Bång, Å. Nyblom, S. I. Hjelm, and K. Ehrn-
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