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Abstract

Under the increasing severity in the availability of power supplies and the associated legal restrictions, the visualiza-

tion of energy is evolving from simple viewing to visualization for the improvement of business. This paper introdu-

ces methods of visualization and analysis for the latter purpose together with actual case studies.
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1. Introduction

The amendment of the Energy Saving Act and the enforce-
ment of the Tokyo Metropolitan Environment Securing Code
in April 2010 caused enterprises’ energy-saving personnel to
struggle hard to deal with the new restrictions. After they fi-
nally completed and submitted the reports compliant to the new
law and code, they had to experience new trials, such as the
power failure due to the Tohoku Earthquake and the subse-
quent power shortages in 2011. Heavy consumers (with con-
tracted power of 500 kW or more) were obliged to reduce
power by 15% (Electricity Business Act, Article 27), making
it a supreme imperative to cut 15% of the peak power con-
sumption of the previous year. As a result of endeavors by
every enterprise and every individual, the demand level un-
der high-temperature hours in the summer of 2011 within the
service area of the Tokyo Electric Power Company was about 9
to 10 million kilowatts lower than the level of the previous year.

This energy saving would not have been possible without
the efforts of working people, who worked in factories even on
weekends, changed the set temperature of air conditioners and
reduced the number of lights being used. Similar efforts were
also requested under the title of energy-saving “cooperation,”
rather than obligation, from lighter consumers (contracted
power below 500 W), households and individuals.

The NEC Group also founded an energy saving project. Set-
ting 15% reduction of maximum power consumption from the
previous year as our goal, we enforced specific energy-sav-
ing measures in three steps: (1) regular saving, (2) summer
enhanced saving and (3) emergency shutdown. As a result, a
21% power cut was achieved with regular saving (1) alone, and
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the power reduction rate finally reached 27% in the service area
of the Tokyo Electric Power Company and 29% in that of the
Tohoku Electric Power Company.

However, considering the issues with restarting Japan’s nu-
clear power plants, electricity demand is expected to still be
severe in the summer of 2012. This makes visualization desir-
able as a tool for identifying the real causes of problems in order
to improve business by getting rid of “patience-based” ener-
gy saving. This paper introduces a process for developing
visualization from simple viewing to visualization for the im-
provement of business by following the steps below.

Step 1:

Feedback of results

Step 2:

Discovery of waste in equipment usage

Step 3:

Discovery of waste in business processes

Step 4:

Independent actions of field staff for business improvement

2. From “Patience-based” Energy Saving to Business

Improvement

2.1 Visualization Efforts

In the summer of 2011, many enterprises tried to improve
the consciousness of their employees toward energy saving by
means of visualization. The NEC Group also posted a power
consumption indicator ( Fig. 1) on the portal website visited
by every employee every day. The indicator showed the per-
centage between the current power usage and the permissible
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Fig. 1 Power consumption indicator.

peak power of each office in easy-to-read signal-like coloring
to improve employees’ consciousness toward energy saving.

2.2 Step 1: Feedback of results

“Viewing the results of one’s efforts in a visible form™: this is
a requirement for energy-saving practices to be continued
without becoming temporary. To our regret, however, we must
admit that it is very difficult to discover the causal relation-
ship between actual actions and results and waste if it is the
total volume that is being fed back. The feedback of total vol-
ume that can relatively easily show the effects of one’s ef-
forts is the monthly account statement delivered from the
power company. As its current form includes the consump-
tion of the same month in the previous year, it can be useful as
feedback on one’s efforts. Nevertheless, since the informa-
tion is given on a monthly basis, it is not possible to identify
which action taken on which date was really effective. In Step
2, we will introduce visualization for the discovery of waste in
equipment usage.

2.3 Step 2: Discovery of waste in equipment usage

If the information visualized is the total or monthly accu-
mulated value, it is hard to use it to achieve further energy
saving. It is necessary to measure more detailed consumption
data over time. An example of a mechanism for measuring and
visualizing household power consumption is HEMS (Home
Energy Management System). This system installs wattme-
ters on a household’s distributor panel and measures the pow-
er consumption of each circuit breaker. HEMS enables timely
feedback of energy-saving results. It makes it possible to ob-
tain effect-measuring information, for example identifying the
energy-saving effect obtained by changing the air conditioner
temperature setting, and to discover waste in a timely man-
ner, for example finding a home appliance consuming power
in a room occupied by nobody. The reduction effect is not on-
ly represented in terms of wattage and percentage, but also as

the saved electrical charge converted into the monetary unit of
yen, which is expected to serve to enhance the will of consum-
ers to save energy.

The discovery of waste is possible in offices and shops as
well as in households by installing a sensor on each circuit
breaker of the distributor panel of an office or shop and meas-
uring the power data every minute. As the number of measur-
ing points may be very large in offices and shops, it is necessary
to classify the sensors according to equipment categories in
advance so that trends can be seen at a glance and analysis can
be performed easily.

Fig. 2 shows the daily power consumption data measured in
an office of the NEC Group.

ICT equipment occupies 45 to 50% of the total power con-
sumption on weekdays. The key is to check the share of each
equipment category and mark out the areas in which reduc-
tions may be particularly effective or possible. Fig. 2 also
shows that power at about 40% of the weekday level is con-
sumed even on holidays when there is no one in the office. This
suggests that there is a possibility to reduce power consump-
tion for energy saving in this area. Similarly, we analyzed the
data for each day by dividing it into time periods and were able
to observe that weekday power consumption can be reduced
by nearly 10% by eliminating waste in the unattended time
periods of the early morning and late night.

Now let us consider a case that would be applicable to both
shops and offices. There are many facilities employing indi-
vidual air conditioners and forgetting to turn off air condition-
ing is one of the easiest-to-discover examples of waste. Apart
from forgetting, there may also be cases in which wasteful
power is consumed for air conditioning without workers’
knowledge, as shown in Fig. 3 . In districts where weather is
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Fig. 2 Power usage situation in an office.
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*The values shown here are merely images

Fig. 3 Air conditioning power usage situations.

fickle, sudden changes in temperature often occur, for exam-
ple a warm day coming after several cold days or, in the
summer, the temperature dropping suddenly after several hot
days. Fig. 3 shows images of power usage situations for air
conditioning in the summer. Since air conditioning is intrinsi-
cally correlated with temperature, cooling is unnecessary if the
temperature is below a certain level. The ideal in this case is
that the only power consumed is standby power, as seen in the
upper graph in Fig. 3. However, after consecutive hot days,
people tend to fall into the habit of switching the air condition-
er on every morning, and it may be left on until someone
realizes that the day’s temperature is not so high. This situa-
tion is shown in the lower graph in Fig. 3. Unnecessary air
conditioning is running in the morning, until someone notic-
ing that it is not necessary switches it off. This kind of waste
can be eliminated if it is understood in advance that air condi-
tioning will be unnecessary on that day from the temperature
forecast on the previous day.

There is also a margin for energy saving with refrigerators
and freezers in the case of a food retailer. The percentage of
power consumption by refrigerators and freezers out of the to-
tal consumption by food retailers is generally very high. Bulk
purchase of energy-saving units might deserve study in the case
of anew or renovated shop, but this usually necessitates a large
investment. In the meantime, reduction of power consump-
tion is possible by switching off the lights inside the units 30
minutes earlier than before (or switching them off as early as
possible after closing). Needless to say, this can save the pow-
er consumed by lighting, but it also has the by-product of

74

reducing the power used by the refrigerators and freezers. A
small change in power consumption at such a level can be
identified by applying visualization. When we talk about light-
ing, we tend to look at the lighting inside the shop, but addi-
tional waste is hidden in places like this. The on/off timings of
the lights inside the units are in general set with timers, which
means that, once the setting is changed, this energy-saving
measure can be applied continually.

In Step 2, we introduced “discovery of areas of waste,”
which pinpoints waste from equipment usage situations. In
Step 3, we will focus on “discovery of waste in processes,”
which consists of reviewing daily business operations and pro-
cesses from the viewpoint of energy saving.

2.4 Step 3: Discovery of waste in business processes

In an office that uses a large amount of ICT equipment, like
that of the NEC Group, the percentage of power consumption
by ICT equipment out of the total consumption of the office is
relatively high. In addition to PC energy-saving settings, which
are rather a matter of course, it is also possible to reduce peak
power consumption and the level of power usage through re-
form of daily operations. Fig. 4 is a graph of the power
consumption of ICT equipment over a weekday in an office of
the NEC Group. The graph shows that the peak hour is be-
tween 8:00 and 9:00 in the morning. This is because the work
start time of the office is 8:30 and everyone turns on a PC at
the same time. This action may be excusable with desktop PCs,
but notebook PCs do not always need to be kept on. If their
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Fig. 4 ICT equipment power usage situation.
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batteries were charged in the off-peak time that comes one or
two hours later, it would be possible to level the power con-
sumption without forming a peak.

An office or workshop often has certain business processes
that have become its habits. If business processes are re-
viewed from the viewpoint of energy, there is the potential to
find new areas of saving. Finally, Step 4 is the step for mak-
ing general employees in the field find new points of saving by
themselves and take leadership in business improvement ac-
tivities, including energy-saving activities, instead of simply
following the business improvement instructions received
from the personnel in charge of energy saving.

2.5 Step 4: Independent actions of field staff for business
improvement

Contrivances are necessary to make employees who are
busily working in the field find areas for improvement and
perform energy-saving activities by themselves. These contri-
vances naturally include visualization for identifying the cur-
rent situation, but indicators showing whether the current status
is good or bad are also necessary. For this purpose, it is im-
portant to set a baseline indicating the lowest target and the
final goal, including margins/allowances. The variables affect-
ing power consumption change depending on the type, form
and content of each business. For instance, in the case of a retail
shop, power consumption varies depending on floor area, sales
and the temperature of each day. In the case of an office, the
variables include floor area, the number of employees and the
temperature of each day. Which of the variables are to be used
changes depending on the type, form and content of the busi-
ness, so it is necessary to set the baseline by selecting opti-
mum variables. Fig. 5 shows a baseline for maximum
temperature and power consumption. If actual power con-
sumption values are located below the baseline (black line), the
office or shop is implementing energy-saving activities suc-
cessfully. When a final goal line (white line) is added to the
graph, energy saving at an even higher level will be possible.

When visualization leads to discovery of waste and mar-
gins for energy saving, employees in the field can take appro-
priate actions by themselves. For example, let us consider a
case of peak cutting. In an enterprise with a high voltage con-
tract (below 500 kW), the contracted power is set equal to the
maximum value out of the maximum power demand over the
past 12 months, including the current month. This means that, if
the maximum power demand in summer is large, the current
arrangement forces the enterprise to pay a high basic charge
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Fig. 5 Maximum temperature and power consumption.

throughout the subsequent year. If a function were provided to
give an alarm upon detection of the approach to that specific
peak, the enterprise would be able to avoid a sudden encoun-
ter with the power peak by enforcing proper countermeasures
in advance against margins for energy saving. This would be
very effective for decreasing the contracted power (basic
charge) in the subsequent months. However, since the maxi-
mum power demand is determined based on measurements
every 30 minutes, the peak cut is meaningless if it is not per-
formed within a 30-minute period. This means that the previ-
ous method, in which field employees execute an action after
receiving notification from headquarters, would be difficult to
implement.

Therefore, the independent-minded execution of energy-
saving measures by field staff, in which visualization is per-
manently maintained and field employees execute quick-acting
energy-saving measures by themselves by using alert func-
tions in cases of emergency, can greatly contribute to the
reduction of contracted power in the long term. Improvement
of energy-saving thinking among field employees may be eas-
ier in retail shops, where cost consciousness is thoroughly
proliferated among the staff and any shop cost reduction leads
immediately to the improvement of business profits.

To make visualization more than simple viewing, it is im-
portant to identify trends by means of analysis from multiple
angles, including inter-facility analysis, inter-office analysis
and analysis of correlation with variables such as sales amount,
not to mention time series analysis. Finding the trends per
equipment type or business type not only serves for energy
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saving but also applies to prior maintenance of equipment as
well as to reform of business processes. We firmly believe that
the advancement of business process reform by approaching it
from the angle of energy saving will be one of the most im-
portant objectives of visualization activities in the future.
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