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Abstract—The commercial sector is responsible in a large
degree for the overall energy consumption around the world and
Information and Communication Technologies (ICT) constitute
an important category of electricity loads which is becoming
dominant in offices. Recognizing the importance of using ICT
equipment more rationally for saving energy in commercial
buildings, we have performed an energy audit of ICT loads at
the School of Design and Environment, National University of
Singapore, using smart power outlets. After a six-month period
through which we have measured and analyzed the consumption
of the most representative ICT devices available at the school,
we have identified various good practices in the use of office
equipment, in order to reduce the total electricity footprint of
the building. Most of our practices can be generalized for offices
and commercial buildings.

Keywords-Energy Audit, Good Practices, Potential Savings,
Miscellaneous Electric Loads, ICT Equipment, University Cam-
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I. INTRODUCTION

Electricity alone represents 40% of the total energy used
in the U.S. [1], having a major role in residences and offices
for heating, cooling, lighting and powering appliances. Energy
efficiency of computing equipment in offices becomes more
and more important, along with the global desire to reduce
CO2 emissions and the increasing cost of energy. As hardware
gets cheaper, the cost of energy begins to dominate the total
cost of ownership of a product.

In total, commercial buildings consume about 20% of total
U.S. primary energy (18.3 Quadrillion BTUs per year) [2],
which is projected to grow by 36% by 2030 (from 2008) [3].
Of the commercial, residential and industrial sectors, the per
building and per square foot energy use intensity is greatest in
commercial buildings. Unlike residential sector with approx-
imately 115M households (in 2009), the commercial sector’s
energy consumption is concentrated in 5M buildings only.

The commercial sector is responsible in a large extend
for the overall energy consumption around the world. Mis-
cellaneous electric loads (MELs), defined as all non-main
commercial building electric loads, that is, all electric loads
except those related to main systems for heating, cooling,
ventilation, water heating and lighting [2], have a significant
role in this consumption.

MELs account for more than 20% of primary energy used
in commercial buildings, and this percentage is projected to

increase by 40% in the next 20 years [3], [4], being one of the
fastest growing load categories in commercial and residential
buildings [5]. This growth relates to the fact that PCs and
other office devices are penetrating office buildings, creating a
large installed base of computing equipment. In 2001, power
consumption of office equipment per year accounted to 2%
of the total electricity use in U.S. [6], while MELs consume
more electric energy than any of the traditional building main
loads, as displayed in Figure 1.

Fig. 1. Projection of energy demand in 2010 vs. 2035 (source: [7]).

MELs constitute the large majority of office equipment [8],
while an important part of MELs is about plug loads related to
Information and Communication Technologies (ICT), such as
desktops, laptops, monitors, printers etc. A study measuring
consumption in a controlled environment at the University
of California at San Diego [9], revealed that ICT equipment
accounts for more than 70% of the MELs-based electricity
load, being 50% of the total electrical load during peak hours
and reaching almost 80% during off-peak hours.

Traditional loads are projected to decrease from 2010 to
2035, while energy intensity of MELs is expected to increase
[7], as shown in Figure 1. This is partly because research on
energy efficiency and deployments have focused on traditional
end uses in the past two decades. At the same time, the
rapid market penetration of consumer electronics has expanded
the MELs category significantly, however, the energy use
and reduction strategies for MELs have so far received little
attention. MELs are evolving into dominant loads, mainly due
to the large increase of ICT-based loads, and this creates a
threat in achieving net-zero energy buildings [7].

In this paper, recognizing the importance of MELs and



particularly the contribution of ICT equipment at the overall
electricity consumption in offices and commercial buildings,
we present our methodology and approach for performing
an energy audit of the ICT equipment found at the School
of Design and Environment (SDE), National University of
Singapore. After analyzing the measurements taken during a
six-month period by means of specialized smart power outlets,
we have identified a list of practices for potential electricity
savings by using ICT equipment more efficiently.

The rest of the paper is organized as follows: Section
II presents related work in the area of energy audits in
commercial buildings, while Section III explains our method-
ology to achieve metering of the ICT equipment in SDE.
Then, Section IV lists the best practices we propose after
analyzing our findings and Section V focuses on estimating the
possible savings by adopting each practice. Finally, Section VI
concludes the paper and proposes future research directions.

II. RELATED WORK

In general, energy audits in buildings investigate both
quantitative and qualitative aspects. The former is achieved
through field measurements and monitoring as described in
the next few paragraphs, while the latter is accomplished
through online survey polls, questionnaires, and interviews
with occupants and facility managers [10].

Various studies on office audits have witnessed a wide
range of plug load-based equipment, including ICT loads (e.g.
printers, scanners, routers, servers etc.) and non-ICT loads
(e.g. coffee vending machines, microwave, refrigerators). Such
diversity in office plug loads often poses challenge for energy
managers, auditors and energy modeling researchers.

A. Field Protocols and Methodologies

Monitoring and analyzing hundreds (or even thousands) of
ICT devices in an office building constitutes a complicated
task. Intelligent field protocols and specific methodologies
need to be developed, to perform the whole procedure as accu-
rate and efficient as possible, involving equipment sampling,
frequency of measurements, energy metering equipment to be
used etc. A field protocol used to collect comprehensive, robust
data on MELs is presented in [11], based on a method for
collecting device-level energy and power data using small, rel-
atively inexpensive wireless power meters. The authors claim
that inventorying helps to compare the count and energy use
between devices, while an energy breakdown shows that the
ICT equipment offers the largest target for energy efficiency
improvements in office.

Cheung et al. [12] investigated how to effectively inventory
a building’s floor area, the fraction of inventoried devices to be
metered, for how long and at what sampling rates. The work in
[13] provides insights relating to a sampling methodology after
conducting a year-long, 455 meter deployment of wireless
plug-load electric meters in a large commercial building. Their
analysis revealed that annual ICT energy breakdown within
MEL category is over 75% with only half the device count,

emphasizing that ICT devices should be disproportionately
metered and monitored in energy studies in offices.

Moreover, the study in [14] discusses how the combination
of power data, utilization statistics and metadata allows an-
swering several questions about green computing like what
is the contribution of ICT to the overall building energy
consumption, and how this consumption is distributed across
the various office devices. In this aspect, PowerNet [15] takes
a unique perspective in green computing by measuring not
only the device power draw but also its usage.

B. Analysis and Statistics

While the related work listed above focused on describing
the field protocols and methodology used for energy metering
in offices, the work presented here targets mainly analysis
of the measurements acquired by sensing ICT office devices
during operation.

Kazandjieva et al. [16] combine measurements with de-
vice inventory to show that approximately 56% of the total
building’s energy budget goes in computing systems, at a cost
of $22,000 per month. A relevant study conducted in U.S.
in 2004 [17], calculated that about 74 TWh of energy per
year is spent in ICT plug loads, of which the 71 TWh/year
is spent in personal computing versus 4 TWh/year spent on
networking equipment. This accounts for 2% of the total
electricity consumed in the U.S.

Moreover, a more recent study [2] identified 6 to 10
key plug loads across diverse commercial building types,
and estimated their annual unit energy consumption in nine
buildings. Another study performed in [18], revealed that
for all buildings under investigation, the average plug-load
equipment density was about 9/1000SquareFeet (of of-
fice equipment) and 14/1000SquareFeet (of ICT), totaling
23/1000SquareFeet.

Considering the contribution in energy consumption of
specific groups of devices inside the ICT equipment cate-
gory, PCs may take 50% of the electricity footprint, while
ICT-supporting services (e.g. servers, routers, wireless access
points) are responsible for 30% of the total energy consumed
in an office [19]. A a better understanding of the diversity and
density of typical plug load-based devices used in commercial
offices was achieved in [20]. This study offered insights on the
operation of the devices and the user interaction with them in
an everyday setting. Finally, a complete view on the topic
of measuring and analyzing energy usage for miscellaneous
electric loads in offices and commercial buildings is provided
in this literature survey [8].

The contribution of this paper is that we follow the best
practices of a field protocol for energy audit in offices [12],
[13], [14], [15], and we perform energy metering of the ICT
equipment available in SDE, at the National University of
Singapore. By analyzing the measurements after a six-month
period, we identify and propose various good uses of office
devices in order to save electricity. This constitutes also the
novelty of our work, in the sense that we do not focus on
the analysis of the findings, which takes place with interesting



outcomes in related work [16], [17], [2], [18], [19], [20], but
we move one step further, combining our own observations
with those in relevant studies, to propose smart practices in
the use of ICT equipment for energy conservation.

III. METHODOLOGY

Energy monitoring is crucial for understanding electrical
consumption in a building, to find effective ways to reduce
it. It is difficult if not impossible to save energy without
understanding the consumption patterns in an office setting.

In this section, we explain our methodology for performing
energy audit at the SDE building of the National University
of Singapore. In general, the SDE building consists of offices,
lecture theaters and classrooms, laboratories and common
facilities to facilitate teaching and learning activities as well
as administration and management. Hence, the building users
are mostly students, professors and other academic personnel,
as well as administrative personnel.

We divide the whole procedure in three different tasks:
inventorying the ICT equipment of the school; acquiring
hardware used for the measurements and developing/installing
the right software; and defining a field protocol in order to
achieve the audit as accurately and efficiently as possible.

A. Inventory of ICT Equipment

At the beginning, it was important to record the available
ICT equipment inside the school. In this way, projections
of electricity consumption and potential savings may be cal-
culated, and this could also facilitate some aspects of the
decisions for the field protocol (e.g. which devices to sample,
for how long).

As there was no official record of the ICT equipment dis-
tributed in the SDE building, data collection for the inventory
was done manually by walk-through inspection through all
the offices, classrooms and labs. Manually recording data en-
sured a high level of accuracy having up-to-date information.
Through this inspection, we recorded a total of 225 rooms
with approximately 1,534 ICT devices of various kinds.

These ICT devices are classified into seven categories in
the inventory list. Among the different categories, desktops
and displays (monitors) constitute 82% of the total number
of devices (41% each), followed by imaging equipment (e.g.
printers, scanners, copiers) by 8%. Only five laptops were
inventoried, as the school provides mainly desktop PCs to the
staff. Finally, the last 10% is dedicated to Voice-over-IP (VoIP)
phones, projectors and (external) LCD screens. A summary of
the inventoried ICT equipment is shown in Table I. A multi-
functional device (MFD) is one performing printing, scanning
and copying.

B. Energy Metering Hardware

As hardware for energy metering of office devices, we em-
ployed smart power outlets. Smart power outlets or smart plugs
stand in between the wall socket and electrical appliances to
measure their consumption and control their operation.

We selected ACme sensor motes [21] as our smart plug
technology, purchasing 54 motes in total. An ACme mote

TABLE I
INVENTORY LIST OF ICT EQUIPMENT AT THE SCHOOL OF DESIGN AND

ENVIRONMENT, NATIONAL UNIVERSITY OF SINGAPORE.

Brand/Model Category Quantity
Dell Desktop 384
HP Desktop 162

Acer Desktop 74
iMac Desktop 9
Dell Display 373
HP Display 178

Acer Display 73
Others Display 7
Acer Laptop 2
Sony Laptop 2
HP Laptop 1

Fuji Xerox Printer 8
HP Printer 7

Canon Printer 7
Others Printer 6
Epson Scanner 10
Canon Scanner 7

Samsung MFD 52
HP MFD 15

Brother MFD 11
Cisco VoIP Phone 84

Hitachi Projector 31
NEC Projector 13

Panasonic LCD Screen 4
Sharp LCD Screen 2

is shown in Figure 2. These motes have the capability of
sampling the current, voltage, active and apparent power of
the attached load, as well as the power factor. They include a
low-power processor, a radio (2.4 GHz, 802.15.4-based), and
an integrated antenna.

Fig. 2. ACme sensor mote device (left) and networking (right) [21]

We have programmed ACme motes in TinyOS [22], includ-
ing methods for sampling ICT devices, routing and forwarding
messages towards a base station which acts as a sink, col-
lecting all measurements coming from the motes in real-time,
connected to a laptop. Forwarding measurements to the sink
wirelessly is based on an ad-hoc, multihop network protocol
called the Collection Tree Protocol (CTP) [23]. Finally, we
developed drivers in Java for parsing the measurements and
storing them in a local database on the laptop, employing an
application framework for smart homes which uses request
queues for communicating with sensor devices reliably and
efficiently [24], [25].

C. Field Protocol

The field protocol is the one considering the various param-
eters of the energy audit procedure. Before taking the appro-
priate decisions, we considered the guidelines as discussed in
related efforts [12], [13], [14], [15].



At first, we decided that the sampling needs to include at
least one device from those listed in our inventory list (see
Table I) and to cover at least 10% of the total number of
devices, focusing especially on popular devices and categories.

The total duration of the energy metering phase was six
months, however, we plan to continue this procedure also for
another year. The duration of electricity metering per device
was defined as one month (four weeks), considering nearby
offices and devices wherever possible, in order to enable the
creation of a wireless, multihop network of ACme sensor
motes. The laptop acting as a sink was locked and secured
inside one of the offices. Office occupants were informed about
the study and were asked not to remove the meters or switch
the socket off, but to perform their everyday tasks as normal.

Measurements were taken once every 10 seconds per device,
to avoid overloading the wireless network. However, for 24
hours per device we took measurements once every second,
in order to have a better representation of its consumption in
different modes of operation.

There is another category of ICT devices consuming con-
siderable amounts of power, and this is the networking in-
frastructure of a university campus/office. Related work shows
that the networking infrastructure consumes 3.5% of the build-
ing’s monthly electricity [14]. These devices involve servers,
routers, wireless access points (AP) etc. We did not measure
this type of devices, although there could be some potential
savings, e.g. by switching AP to low-power sleep mode at
nights, especially in areas without any activity.

IV. GOOD PRACTICES FOR ENERGY SAVINGS

Based on our measurements during these six months, we list
here the most important practices we have considered for sav-
ing energy when using ICT equipment. These practices apply
on a university setting, but most can be well generalized for
commercial buildings and offices. We note that the presented
energy audit and practices are part of an on-going study.

A. Laptops instead of Desktops

Our measurements show that laptops consume only a frac-
tion of the energy consumed by desktops. Figure 3 compares
the consumption patterns between a DELL and HP desktop,
and an ACER and SONY laptop. The power consumed by the
laptops is around 20 Watts, while the DELL desktop consumes
twice this power and the HP desktop six times more!
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Fig. 3. Consumption comparison between laptops/desktops in ON mode.

Obviously, laptops are much more efficient than desktops
while being idle. This is also the case when both device types
are in sleep mode, as we can observe in Figure 4. During
sleep mode, laptops consume between 0.5-0.9 Watts, while
the DELL desktop consumes 60-160% more electricity in this
mode. Far more, the HP desktop’s consumption reaches around
5 Watts while sleeping. This is the same energy consumed
when charging a mobile phone.
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Fig. 4. Consumption comparison between laptops/desktops in SLEEP mode.

Similar findings regarding the comparison between laptops
and desktops have been found in relevant efforts [26], [27],
with laptops consuming 25% of the power needed by desktops
in idle mode, and 50% less in sleep mode. Considering that
the findings of related work date back in 2009, it seems that
the gap among laptops and desktops has widened even more.

We note that directly comparing the energy consumption
between desktops and laptops might not be fair in general,
since desktops are usually more powerful with more reliable
network connectivity. Laptops, on the other hand, may not
provide the computational power of a desktop, and if wireless
connectivity is used, this connectivity may be unpredictable.
To mitigate this issue, we tried to compare here devices with
similar specifications in terms of CPU and memory.

Finally, an indirect source of energy waste is the heat pro-
duced by the machines, affecting the use of the air conditioning
system. Our calculations showed that the heat produced by
desktops (and their monitors) is four times more than the one
of laptops. This means that for each laptop instead of a desktop
used, 3,000 Btu/hr less are needed to cool some office space.

B. Better Utilization of Common PCs

An underestimated parameter for energy savings, especially
in university campuses, is the appropriate utilization of com-
mon PCs in student labs. Figure 5 illustrates the occupancy
of computers in a typical student lab at SDE equipped with
desktops, for three typical days of the week. On Tuesday, there
are classes from 11:00-13:00 and on Thursday from 10:00-
14:00. During classes, the occupancy is increased significantly,
reaching 68% in some hours. However, this is far less than the
total number of computers available at the lab. Hence, better
provisioning is needed.

The issue with energy waste appears since students tend to
use different machines each time and forget to switch them
off after use. This becomes apparent in Figure 6, showing that
22% of machines remain idle after use and this percentage
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Fig. 5. Occupancy of a student lab with common PCs.

reaches 51% (!) when there is a class. There is a need for
educating the students about the importance of saving energy
by switching off the machines. Also, it should be responsibility
of the assistant of the class or the supervisor of the lab to
switch the devices off when not in use.
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Fig. 6. Switching off the common PCs after use.

Finally, another idea to improve the utilization of common
PCs and reduce energy waste is to differentiate general from
specialized computer rooms. General rooms could be used by
students who have some assignments/simulations to perform
while specialized rooms by students following some course.
Especially for specialized rooms, the number of desktops
needed is easy to be calculated, according to the number of
students registered in the course.

C. Desktops Used in Simulations

In the common rooms, we noticed that some desktops are
being used for simulations1, running for many hours or some
days. The impact of the consumption of the PCs used for
simulations to the overall consumption at the lab is shown in
Figure 7, for each day of the week.

As we can see, desktops used for simulations consume
the largest percentage of the electricity consumed at the lab,
reaching more than 50% at all weekdays, even the days when
there are classes inside the lab (i.e. Tuesday, Thursday). During
these days, we can also observe that the consumption of
the PCs is increased by 1.8-6 kWh. Finally, we can observe
that there is some unnecessary consumption during the night,

1We did not include these desktops at the calculations we performed in the
previous subsection.
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Fig. 7. Impact of PCs used for simulations in overall consumption.

from desktops which are left ON the previous day. This
consumption is between 1.3-2.3 kWh, higher in days when
there are classes, as more PCs are left in idle mode after work.

We suggest that some desktops which prove to be more
energy-efficient should be exclusively used for simulations,
even to switch these desktops with laptops. These computers
could be labeled inside the lab as ”suitable for simulations”
and the students could be asked to use only those for their
needs. These findings also suggest that some supervisor/lab
administrator should be responsible for all machines to be
switched off before the night (except those used for simu-
lations of course).

D. Power Management of Desktops

An important source of energy savings is the proper power
management (PM) of desktops, especially during off-work
and night-times. This approach has been demonstrated in
various audits [6], [28], [29], [30]. PM reduces consumption
of computers by slowing the clock rate, powering down certain
sections of the hardware and spinning down the hard drive.

In southern Africa, a series of five audits on offices found
that 56% of total building’s energy was consumed in non-
working hours [29]. In 2001, Webber et al. [28] estimated
potential PM savings of 56% and 96% for monitors and
printers respectively, based on a walk-through audit across
10 buildings covering 100 devices per site. Another study
[6] observed that PM settings alone could save 23 TWh/year,
while when these settings are saturated effectively they can
save 17 TWh/year, and with night-time shutdown additional 7
TWh/year, in U.S. offices alone.

PM can be achieved through the operating system of the
machine, setting it to sleep after e.g. 15 minutes of being idle,
and to shut down after e.g. 30 minutes of sleep. Setting the
desktop’s wallpaper to show a power-saving message or a re-
minder to put the machine to sleep or switch off after use could
be effective too. Furthermore, automatic scheduling of power
state can be achieved by approaches such as PoliSave [31],
or automatic PM can be combined with presence detection
through sensors such as the E-Net-Manager system [32].

Figure 8 shows the consumption patterns of a typical DELL
desktop in different modes of operation. In idle mode, the
consumption is 34 times more than in sleep mode and 116
times more than in hibernate mode. Sleep mode consumes



five times more power than hibernate, but results in a faster
waking up time of the desktop (see Section IV-E).
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Fig. 8. Power consumption of a DELL desktop in different modes.

Our measurements indicated that 9% of the occupants of
SDE do not switch off their desktop at night, either because
they forget or in order to avoid any delays in switching on
the machine the next morning. This percentage is much less
than the one calculated by Schoofs et al. [30], who have
also performed an extensive experiment within a University
department, discovering that 10% of regularly used client
machines were constantly powered on, 68% had night-time
activity and 53% weekend activity.

The argument of avoiding delays the next day is actually
expressed by many users for not putting their computers in
sleep/hibernate or off mode. We performed a small experiment
to precisely consider this delay, as shown in Figure 9 for
two DELL and HP desktops. In both cases (sleep-to-on and
off-to-on) for both laptops, there are initially a large power
consumption and high fluctuation which stabilize after some
seconds to the desktops’ normal values. From the sleep state,
40-45 seconds are needed for the desktop to fully operate,
while from off, 140-200 seconds are necessary. These delays
are tolerable, especially when the desktop is in sleep mode.
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Fig. 9. Time needed by a DELL desktop to operate normally.

Finally, we list some popular software approaches for PM
management at the market. Wake-on-LAN [33] has the ability
to wake-up sleeping systems by sending to them specially-
coded network packets. Hence, systems do not need to be on
(e.g. during the night), but can be in sleep-mode to save energy.
SleepServer [34] enables hosts to transition to low-power sleep
states, while maintaining network presence using a proxy
server. LiteGreen [35] virtualizes the desktop environment as

a virtual machine, migrating it between the user’s physical
machine and a virtual server.

E. Hibernate Vs. Sleep Mode of Laptops and Desktops

A question asked by many occupants of our building was
whether they should set their laptop or desktop in hibernate
or sleep mode when they had to leave the office for some
minutes or hours (in case they did not want to switch off their
machine for some reason).

Hibernation is the state where the computer is off, all
components including the operating system are shut down,
and the hard disk saves the computer state (e.g. running
applications). When the power button is pressed, the computer
starts to boot up, and recovers memory from hard disk to
return to exactly the same state as before. On the other hand,
in sleep mode, the machine does not shutdown completely, but
cuts power to unneeded subsystems and places the RAM into
a minimum power state, just sufficient to retain its data (faster
than hibernate).

To answer the question when it is more appropriate to set
hibernate or sleep state, we performed a small experiment
recording and comparing these two modes on a SONY laptop
and a DELL desktop. For the laptop case, Figure 10 shows the
consumption of the machine in three modes: a) preparing for
sleep (seconds 1-20) and hibernate (seconds 1-40); b) during
the low-power state of sleep (seconds 20-65) and hibernate
(seconds 40-80); and c) after recovery from sleep/hibernate.
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Fig. 10. Power consumed by a SONY laptop during hibernate/sleep modes.

During the low-power state, sleep consumes around 0.46
Watts while hibernate 0.08 Watts. However, hibernate needs
more power and time to prepare for low-power state and also to
recover. Hence, there is a tradeoff between these two modes.
For less than 44 minutes and 30 seconds, it is better to set
the laptop to a sleep mode, while for longer time periods
hibernate is preferred. The experiment displayed in Figure 10
assumes an idle laptop device with no applications running.
In case some applications are running (Web browser, email
client, spreadsheet application, text processor), the tradeoff in
the SONY laptop case is at 59 minutes and 39 seconds, around
15 minutes more than the idle scenario.

The same experiment for a DELL desktop is illustrated in
Figure 11. Findings are similar to the laptop case, although
the (complete) recovery time for the sleep mode (40 seconds)
is much faster than for the hibernate mode (120 seconds).
For the desktop, during the low-power state, sleep consumes
around 1.66 Watts (3.6 times more than the laptop case) while



hibernate 0.32 Watts (4 times more than the laptop case). The
tradeoff here is at 2 hours, 6 minutes and 3 seconds, suggesting
that hibernate mode is actually impractical for desktops, since
the user is better to switch off his machine after such a long
absence from his office. It is worth noting that whether in idle
mode or with some applications running, the tradeoff in the
DELL desktop case is almost the same (5 minutes difference).
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Fig. 11. Power consumed by a DELL desktop during hibernate/sleep modes.

F. Brightness of Display

Another preference that can save energy is the brightness of
displays. Figure 12 indicates that by changing the brightness
of a DELL monitor, considerable savings can be achieved.
Specifically, adjusting the brightness to 75% can lead to 18%
decrease in consumption, while an adjustment to 50% of
brightness can lead to 30% savings. While 50% of brightness
is not very convenient during work, values between 65-85%
do not affect productivity while saving electricity.
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Fig. 12. Power consumed by a DELL display in different brightness levels.

G. Power Management of Display

Figure 12 also shows the difference in consumption when
the display is in stand-by mode or switched off. Stand-by and
off are very similar states in computer monitors, consuming
almost zero electricity. Hence, only by switching off the
display when not in use at the office or by setting properly
the PM feature for automatic stand-by, some savings can be
achieved, as the power consumed in idle mode is 15-22 times
more than sleep.

PM can be easily performed by setting the time for the
display to sleep, e.g. after 15 minutes of inactivity. A small
experiment described in [36] showed that the reduction in the
energy consumption of displays was nearly a third, only by
proper PM of the monitors.

Generally, the opportunities for savings by this practice are
rather small, since people usually remember to switch off their
displays after work, even though they may avoid turning off
their desktops. The percentage of users leaving their displays
on during the night was found to be less than 3% in our study.

H. Switching Off Printers at Night
Our main observation with common printers -even those

in the personal offices of academic staff- is that they remain
in idle mode during night-time. The same happens also with
MFD devices and some copiers. A snapshot of two different
MFD devices during night-time is displayed in Figure 13, for
150 seconds.
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Fig. 13. Power consumed by a Samsung and HP MFD during night-time.

The same pattern is repeated over and over again, with
spikes occurring every 36 seconds for the Samsung MFD
and 30 seconds for the HP MFD, each spike lasting 5 and
4 seconds respectively. These spikes are meant to heat the
heating elements of the MFD to keep a certain temperature,
ready for printing/scanning. Especially during night, there is
no need to have the printers/MFDs ready for these tasks but
they should rather be switched off.

I. Single Vs. Double-Sided Page Printing
Many people wonder whether it is more energy-efficient to

print single- or double-sided pages, except from the obvious
saving of paper. In order to answer this, we performed a small
experiment, presented in Figure 14, in which we recorded the
consumption of a Samsung MFD printing six single vs. three
double-sided pages.
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Fig. 14. Power consumed by a Samsung MFD when printing single vs.
double-sided pages.

As the graph shows, there is some difference in consumption
and also time needed for printing single or double-sided pages.



For the double-sided pages, 19 seconds are needed, while
36 seconds are needed for the single-sided case. In terms of
consumption, double-sided printing needs 0.058 kWh while
single-sided needs 0.124 kWh, which is 2.13 times more
power. Hence, it is always better to print double-sided pages,
both in terms of saving paper and energy.

J. Single Vs. Double-Sided Page Copying

Similar to the previous practice, it is interesting to examine
the efficiency of single vs. double-sided page copying, in terms
of energy efficiency. We performed the same experiment as
previously, recording the consumption of a Samsung MFD
copying six single vs. three double-sided pages. The results
are shown in Figure 15.

Also in this case, there are some differences in con-
sumption/time when copying single or double-sided pages.
The double-sided case needs 54 seconds, while the single-
sided approach needs only 34. Considering power consumed,
double-sided copying requires 0.209 kWh while single-sided
0.117 kWh, which is 1.8 times less power needed. There is
a tradeoff of course between the electricity savings and the
waste of paper, which needs to be considered.
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Fig. 15. Power consumed by a Samsung MFD when copying single vs.
double-sided pages.

K. Scanning-Emailing Vs. Copying

A recent practice acquired by many organizations is to
scan documents and exchange soft copies internally, instead
of copying the original documents to all recipients. In terms
of the energy consumed at each practice, we performed a
small experiment scanning six pages and comparing with the
procedure of copying three double-sided pages. Our findings
can be observed in Figure 16.
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Fig. 16. Comparison of the power consumed by a Samsung MFD when
copying vs. scanning.

Obviously, the practice of scanning documents (and ex-
changing through email/cloud) is much more energy-efficient
than copying, besides the savings on paper. Scanning needs
only 0.0228 kWh and copying 0.209 kWh, which means more
than nine times more energy. Also in terms of time, only 16
seconds are needed for the scanning, while copying requires 54
seconds. Hence, scanning is way more efficient as a strategy
than copying.

L. Switching Off Projectors

A device type with high consumption when operating is
projectors. As Figure 17 shows, the power consumed by two
Hitachi projectors is 220-285 Watts, considerably higher than
laptops, displays and desktops. It is important to switch off
the projector immediately after use, or to set at sleep mode if
it is about to be used soon.
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Fig. 17. Power consumed by two Hitachi projectors.

In contrast to other device types (e.g. laptops, displays,
desktops), the stand-by mode of the projector also consumes
considerable power, ranging between 10-12 Watts. Thus, it is
wise to prefer switching it off than setting to sleep mode when
it is not expected to be used in the next minutes.

Operating normally takes 56 seconds after switching off and
29 seconds after sleeping. We suggest that 27 extra seconds
are not much for the gain in energy savings.

Another observation is that the power consumed by a pro-
jector depends on its brightness. The Hitachi supporting 3000
Lumens consumes 23% more power than the one supporting
2000 Lumens. Therefore, we suggest buying projectors that
suit your particular needs in terms of brightness, considering
the penalty in extra energy consumed as Lumens go up.

M. ENERGY STAR Equipment

ENERGY STAR [37], a voluntary partnership between the
U.S. Department of Energy (U.S. DoE), the U.S. Environ-
mental Protection Agency (U.S. EPA) and the industry, has
as primary goal to prevent air pollution by expanding the
market for energy-efficient products through the application
of the ENERGY STAR label. The label is a mechanism that
allows consumers to easily identify efficient products that
save energy and money. ENERGY STAR devices also exploit
power management to save energy [38], [27].

To demonstrate the energy efficiency of ENERGY STAR-
labeled devices, we measured the consumption of an
ENERGY-STAR-labeled HP laptop and a non-labeled ACER



laptop, in both idle and sleep modes. Our findings are pro-
vided in Figure 18. The ENERGY-STAR-labeled HP laptop
consumes 43% less power in respect to the non-labeled ACER
one in idle mode, and 14% less in sleep mode. Thus, we
strongly suggest the purchase of ENERGY STAR-labeled ICT
equipment for energy efficiency.
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Fig. 18. Difference in power consumption between an ENERGY-STAR-
labeled HP laptop and a non-labeled ACER laptop.

N. Energy Wise-Featured VoIP Phones

The consumption of VoIP phones is quite low; this is
why people do not purchase this type of phones considering
also their energy figures. As Figure 19 illustrates, the power
consumed by a Cisco VoIP phone is very low, fluctuating
around 2.5 Watts. Incoming or outgoing calls do not have an
effect on the consumption of the phone.

An important detail is that these measurements have been
created at night-time, when none is using the phone. Hence,
though its consumption is minimal, it still consumes energy
unnecessarily. To address this issue, Cisco has announced that
its new phones would be equipped with the Energy Wise
feature [39], having the ability to send scheduling instructions
to switches and routers, utilizing the local network to work as a
distributed programmable thermostat by modifying the power
consumption of the VoIP phones based on time of the day.
Thus, this extra electricity consumed at night may be easily
avoided. Also the power of these new phones when idle will
be slightly less, around 2.3 Watts [40].
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Fig. 19. Power consumed by a Cisco VoIP phone.

V. ESTIMATIONS OF POTENTIAL SAVINGS

A limitation of related work is that the listing of statistics
and energy-wasting actions in offices is not associated with

potential savings by taking appropriate measures. In Table
II, we tried to calculate as accurately as possible the impact
of each good practice we have identified to the electricity
footprint consumed at SDE. To achieve this, we exploited
both our measurements during the energy audit, but also the
responses from the university’s students and staff in a small
online survey we prepared.

The online survey was distributed to all the students and
staff of the school (i.e. academic/administrative personnel),
and 221 complete responses were collected (169 students, 8
researchers, 21 academic staff and 23 administrative staff).
For the calculations of savings, we used the responses from
the survey either as supportive to the measurements or as
indicative, in cases when measurements were not possible. We
report the method of calculation used in each case at the last
column of Table II. Yearly savings in money are calculated
in Singapore dollars (SGD) based on the electricity tariff in
Singapore, which is 25.73 cents per kWh (for April, 2014).

For practice IV-A, we calculated the consumption of all
the school’s desktops, based on average weekly hours of use
and then we estimated savings by considering the equivalent
consumption of an HP ENERGY STAR-labeled laptop, whose
footprint can be observed in Figure 18. Similar for practice
IV-C, we considered an HP desktop, whose energy figures are
depicted in Figure 3.

Moreover, for practice IV-F, we suggest the scenario where
displays may operate with 75% brightness, and the potential
savings are presented in Figure 12. In the calculations for
practice IV-I, the percentage of pages which are printed single-
sided is only 26% (1,350 pages/week), because some common
MFDs and printers (12 out of 106) have as default policy to
print double-sided pages.

Furthermore, practice IV-K was tricky to calculate, as we
asked the survey’s participants whether they could scan and
exchange some of their documents, instead of copying and
providing hard copies. We realized that the school already has
adopted this policy, hence only a small percentage (12%) of
copied documents could be scanned and exchanged.

Unfortunately, it was not possible to calculate savings for
practice IV-L, since the participants of the survey responded
that they used the projector properly, only when needed. It
was difficult from our measurements to identify whether this
was true or not. The same held for practice IV-E, though
our measurements showed that occupants (correctly) preferred
the sleep mode when away from office for a small break or
lunch. Similar difficulties occurred also for practice IV-M, as
we could not reliably determine the percentage of ENERGY
STAR-labeled equipment in the school.

The most promising actions for savings seem to be using
laptops instead of desktops, switching off printers at night
and using double-sided printing. Switching to laptops is not
practical though, as the reduction in the bill cannot return the
investment in short-term. It is a decision better to be made
when purchasing new equipment. The same rationale holds
for changing VoIP phones with Energy Wise-enabled ones.

The least savings involve the actions of setting the com-



TABLE II
POTENTIAL SAVINGS FROM GOOD PRACTICES IN THE USE OF ICT EQUIPMENT.

No. Practice Weekly Use No. of Machines Yearly Savings Calculation Method
kWh SGD

A. Laptops instead of Desktops 31 hours (avg) 631 (desktops) 36,039 9,272 Audit and Survey
B. Better Utilization of Common PCs 3.63 hours (avg) 126 (unused) 577 148 Audit and Survey
C. Desktops Used in Simulations 24/7 28 5,687 1,463 Audit
D. Switching off Desktops at Night 91 hours (avg) 24 5,107 1,314 Audit and Survey
E. Hibernate Vs. Sleep Mode of Laptops/Desktops - - - - -
F. Brightness of Display 31 hours (avg) 631 (displays) 3,865 994 Audit and Survey
G. Power Management of Display 144 hours (avg) 8 (displays) 1,289 331 Survey
H. Switching Off Printers at Night 132 hours (avg) 106 (MFDs/printers) 43,655 11,232 Audit
I. Single Vs. Double-Sided Page Printing 1,350 single-sided pages 94 (MFDs/printers) 28,229 7,263 Survey
J. Single Vs. Double-Sided Page Copying 2,397 double-sided pages 78 (MFDs) 11,874 3,055 Survey
K. Scanning-Emailing Vs. Copying 389 pages 78 (MFDs) 1,925 495 Survey
L. Switching Off Projectors 5.64 hours (avg) 44 (projectors) - - Survey
M. ENERGY STAR Equipment - - - - -
N. Energy Wise-Featured VoIP Phones 132 hours (avg) 84 (VoIP phones) 1,408 362 Audit

puter’s display in a lower brightness or in stand-by when
not in use, as well as purchasing Energy Wise-featured VoIP
phones. There is a conflict between the good practice of
printing double-sided and the one of copying single-sided.
Each organization needs to select practices that fit to its needs.

There is an active discussion about what happens when
software-based energy-saving techniques are applied to an
already hardware-efficient computing infrastructure. For ex-
ample, applying LiteGreen [35] on top of an ENERGY STAR-
qualified laptop may save $8.50 a year per machine and $12
for the empirical enterprise measurements performed in [26].
This means that if the software requires more than 15 minutes
of attention from the IT staff, or harms a user’s productivity
by more than half hour, the savings may not be worthwhile.

Summing up the benefits from all practices together, more
than 130,000 kWh may be saved, equivalent to more than
35,000 SGD or 100 tons of carbon dioxide. Considering that
this study has targeted the SDE, which is only a small part of
the National University of Singapore, potential savings for the
whole university (16 faculties and schools) could reach more
than 500,000 SGD.

VI. CONCLUSION

In this paper, we have described our methodology in
performing an energy audit at the School of Design and
Environment building of the National University of Singapore.
We have performed this audit by using smart plugs for
measuring the consumption of ICT equipment for a duration of
six months. Based on our findings, we have identified some
good practices in the use of office equipment, which could
contribute in reducing the electricity footprint of our building.
By analyzing our measurements, together with the responses
from a small survey we distributed to occupants of SDE, we
have calculated yearly savings by adopting each approach.

Although our energy audit targeted a university building,
most of our practices can be generalized for offices and
commercial buildings. A limitation of our work is that we
did not inspect the use of networking equipment for potential
savings. Also, the duration of the energy audit is rather small,
including only a fraction of available devices at the building.
However, these findings constitute a product of on-going work,

which would be completed after one year (from April, 2014).
There are still some scenarios and practices regarding the use
of ICT equipment which we plan to examine, aiming to locate
opportunities for further savings.

There is a disagreement on whether to involve occupants in
energy-saving initiatives or to invest in building automation.
It has been estimated that 20-50% of total building’s energy
use is controlled or impacted by occupants [41]. Marchiori
[42] concludes that automation is necessary to ease the more
tedious tasks such as ”unplug when not in use”. However,
employees may find automated interventions unfavorable, even
going to extremes of circumventing them when they impact
their daily work tasks [41]. We argue that at least some
education and training is essential for occupants to perceive
how to use their ICT equipment efficiently.

As future work, we would continue our energy audit, trying
to identify more good practices, including also the use of the
building’s networking infrastructure. A more complete audit
would help us also to better assess the potential for savings
by each practice we have identified, improving our calculations
about the impact of each energy-saving action in the building’s
electricity bill.
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