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MEASURING ENERGY EFFICIENCY OF SELECTED
WORKING SOFTWARE
CSABA SZABÓ AND EMIRA MUSTAFA MOAMER ALZEYANI
Abstract. Energy consumption is a key performance indicator of any
software run on mobile devices. Working or application software is the
main category of software where such energy (in)efficient performance becomes accelerated between users and other stakeholders. Measuring energy
efficiency is becoming a part of automated and manual performance testing as well – both answering to the increasing usage requirements and
addressing acceptance testing optimization. In this paper, we select three
software tools – an e-mail client and two social network applications, those
energy consumption is being measured and analyzed. We decided to apply very generic profiles during our measurements, where the actions were
performed all manually. Our results show that besides the difference in
the number of features covered by the software, also their implementation
plays an important role in energy consumption. Focusing on a specific feature within the working software does not imply that all quality indicators
of it are the best among the software group’s implementations.

1. Introduction
Our research focuses on energy consumption of software, which is a relatively
new field of software engineering research.
In this paper, we present the results of the application of our measurement
setup that relies on the presence of a tester performing usage actions over the
system under test. To unify the measurements, i.e. to make them comparable,
we decided to select web-based software. In our case, this kind of software also
requires a web browser application to run. This application was the same in
all cases: Google Chrome.
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These three websites were selected, and on the following basis:
iNotes email client: has been chosen because it contains large of
texts and the possibility of downloading and uploading it, with the
knowledge that it is possible to contain some pictures or videos sent
to it.
Facebook: has been selected on the basis that it contains a different
set of content such as (text - pictures - videos - some links, etc.)
This is very important for our study of the possibility of monitoring
changes in energy on the laptop’s processor and more.
YouTube: was chosen on the basis of containing the whole on videos
and it is known that because of the animation and sound, this needs
high energy to run it.
Together with these assumptions, we also considered that an e-mail client
will be consuming less energy during work and (almost) no energy in idle state
than the other two applications. As the other two applications both present
videos and video comments, it was also an aim to compare if YouTube can
master video playback better than Facebook.
The structure of our paper is as follows. In the upcoming section, we present
work related to the research field. Then, we present our measurements and
results. Finally, we conclude and point out future research directions.
2. Related Work
Computer networks, communication systems [5], data centers [9, 16], huge
production of mobile phones [4, 7], and other IT infrastructures have caused
severe environmental problems by consuming significant amounts of power
[15], increasing greenhouse gas emissions, and lead to pollution during the
production and disposal.
This growing concern on energy efficiency may also be associated with the
perspective of software developers. Unfortunately, developing energy-aware
software [3] is still a difficult task. While programming languages provide
several compiler optimizations[14], memory profiler tools, benchmark[10, 12]
and time execution monitoring frameworks, there are no equivalent tools and
frameworks to optimize energy consumption [8].
Mobile software platforms are targeted by a valuable research activity[6,
11, 13], mainly because of the speed of reaction of stakeholders as device
battery drain is a much faster indicator than the energy bill integrating power
consumption over days or months. The development is therefore also focusing
on tool usage and research, which are capable to determine “energy leaks” or
evaluate energy efficiency improvements between versions of software[1].
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All these research results could be used in a different way as well. We show
that way in this paper. Many researchers do also social networks or other
web-based application research[2], where the application requires to run in a
browser. Their focus on usability and user experience, on requirements on
functionality or speed, but the combination of the above two research goals
is missing. We are evaluating energy consumption of a browser running the
specific applications – as these do not work without the browser, it would
be worthless to evaluate energy efficiency without that required environment.
Fuel economy of a car is the best if not used, or we have to consider the driver
and road conditions as well while driving.
3. Measurement environment setup
Our study is based on measuring energy efficiency of the Google Chrome
browser for the Microsoft Windows operating system using the following hardware/software specs:
• Intel Core i5 CPU @ 2.5 GHz
• 4 GB RAM
• Microsoft Windows 7 Home Premium 64-bit operating system with
latest updates installed
The study is based on several factors:
• When using a browser for the purpose of browsing a site such as
e-mail, this is known to contain a large text.
• When using the browser for the purpose of browsing a site such as
Facebook and this site is known to contain many elements, including
texts, images and videos.
• When using the browser for the purpose of browsing a site such as
YouTube, especially on the video and contain the texts.
• In order to study, we will use an energy measurement program named
“JouleMeter” to read and store the readings of energy, compare and
analyze them. Hence, the differences will be identified when using
the browser in several ways and how it affects the performance of
the laptop and the life of the laptop battery. This tool is estimating
energy consumption based on CPU, GPU, monitor brightness etc.,
therefore it needs to be configured before the first measurement. The
setup is automatic, but requires some time as the configuration is
preforming a performance benchmark on the host device.
We will use Chrome browser to see different results:
(1) When we use Chrome to open email page as more as static page.
(2) When we use the Chrome browser to open page as Facebook .

8
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(3) When we use the Chrome browser to open page as YouTube.
For a successful measurement, we have to prepare our hardware setup from
the operating system as well as to keep in mind technical limits of the Microsoft
JouleMeter we used.
(1)
(2)
(3)
(4)

We must ensure that the laptop is charged above 75%.
Work on the browser for at least 45 minutes.
Screen brightness was 100% in this study.
Setting of battery: Here we will consider on some setting on battery
of the laptop that we worked on it in the study, from the setting of
Power Options there are option is Processor power management of
battery this is option for these This option will change the speed of
the processor clock, and this option gives us the possibility to increase
or decrease the ratio according to user requirements. If the rate is
changed to less than 100%, energy consumption and heat output will
be reduced.

Each measurement is then a simple sequence of steps1:
(1)
(2)
(3)
(4)

Start the energy consumption monitoring tool
Start the browser or open a new browser window
Enter the application page
Use the application
• open the newest e-mail, set read/unread 5 emails, click “reply”
but close without sending, write an e-mail without attachments,
write an e-mail in HTML form, write an e-mail with embedded pictures, write an e-mail with attachments – picture, video,
archive file etc.
• log in to Facebook, set messages read/unread, write a status
then delete it, comment, browse statuses/wall, check groups,
browse picture galleries, write suggestions, watch posted videos,
post something and delete etc.
• search for artists/publishers on YouTube, watch their activity,
write and delete comments, create/modify/delete own watch
lists, upload videos, watch videos (turn on/off automatic playback) etc.
(5) Close the browser window
(6) Stop the energy consumption monitoring tool and save collected data

1Based on the Intellectual output O1 part/topic “How Green Is Your Process?” of
project No. 2017-1-SK01-KA203-035402 (for more details see Acknowledgment).
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4. Results
As mentioned above, energy can be estimated after a proper configuration
of the JouleMeter tool. The data are stored in a comfortable way that allows
direct analysis (Excel or csv file).
We can compare the readings but before that we explain the details on the
charts we get:
• The total power chart expresses the value of energy used as a whole.
• The CPU chart expresses the value consumed by the feeder from the
total power value as a whole.
• The chart of the program expresses the value of the energy consumed
from the CPU value.
4.1. E-mail client. The e-mail client was stressed by actions as stated earlier
in this paper. The following three figures, Fig. 1, Fig. 2 and Fig. 3 reflect charts
from measurements with sampling of 100 milliseconds.

Figure 1. iNotes total power consumption data
Especially Fig. 3 reflects that the application – Chrome, but running the
e-mail client only, consumed valuable energy only in the case of user actions.
Reading of e-mails is “hidden” as the measurement tool includes the energy
consumption of the display as part of the total power consumption chart in
Fig. 1.
To finalize our data analysis, Tab. 1 statistically concludes our measurements.
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Figure 2. iNotes CPU power consumption data

Figure 3. iNotes browser power consumption data
Table 1. Measured data recapitulation – iNotes (all values
displayed in Watts)
Total power CPU Display Disk Base Application
avg
18.066
0.381 4.905 0.002 12.8
0.012
min
13.1
0.3
0
0
12.8
0
max
20.9
0.9
7.4
0.9
12.8
0.4
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4.2. Facebook. The typical Facebook user (by our definition) used to read
the web content, to interact with other users in different ways and discover the
dynamics of the web page offered, including watching or commenting videos.
These activities are influenced by the content, but all acceptance testing is.
A sample energy consumption profile is presented in Fig. 4, CPU related energy
consumption data are displayed in Fig. 5 while browser power consumption
data are in Fig. 6.

Figure 4. Facebook total power consumption data

Figure 5. Facebook CPU power consumption data
Analysis of browser power consumption can be used to identify actions
performed by the user such as starting a video playback, upload of a picture
to the gallery or scrolling down the wall or a group page.
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Reading of other users’ posts is “hidden” as the measurement tool includes
the energy consumption of the display as part of the total power consumption
chart in Fig. 4.

Figure 6. Facebook browser power consumption data
To finalize our data analysis, Tab. 2 statistically concludes our measurements.
Table 2. Measured data recapitulation – Facebook (all values
displayed in Watts)

avg
min
max

Total power CPU Display Disk Base Application
29.307
8.05
9.352 0.002 11.9
0.994
19.3
0.6
6.3
0
11.9
0
41.4
20
9.5
0.7
11.9
12.3

4.3. YouTube. YouTube was chosen on the basis of containing the whole on
videos and it is known that because of the animation and sound, this needs
high energy to run it. At least this was our assumption, but this assumption
was accompanied by another one related to a certain level of optimization that
one can require from a specialized application.
Figure 7 shows total power consumption measured during an execution
sample, more details are picked out in Fig. 8 and Fig. 9.
To finalize our data analysis, Tab. 3 statistically concludes our measurements.
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Figure 7. YouTube total power consumption data

Figure 8. YouTube CPU power consumption data
Table 3. Measured data recapitulation – YouTube (all values
displayed in Watts)
Total power CPU Display Disk Base Application
avg
25.313
9.084 4.302 0.0005 11.9
2.9493
min
17
0.8
4.3
0
11.9
0.1
max
40.8
24.1
4.8
0.3
11.9
14.9
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Figure 9. YouTube browser power consumption data
One has to note that YouTube has a different energy efficiency profile than
the other two applications analyzed – it seems to consume energy all the time
that cannot be only in the automatic playlist creation property. Something
might be not OK in the environment.
5. Conclusion and Future Work
As mentioned in the last part of the paper, we discovered an anomaly
in YouTube behavior related to energy consumption that could be partially
caused by continuous preloading of content, but it could be also indicating an
error in the solution used. It needs longer analysis to discover the reasons. We
will start with replaying the scenarios on another operating system platform,
on the top of different version of the browser and/or other browsers before
making any further conclusions.
Another difference to the assumptions was the way Facebook could deal
with the videos. Even that these are much shorter than the ones in the case
of YouTube, the playback did not ask for so much battery power.
When talking about the actions of the measurement itself, as these are
very easy, in the future we plan to automate them to provide an automated
environment for measurements of comparable setups. Our future work in
this area will focus on configuration of a portable integrated development,
testing and energy consumption estimation environment. This environment
could be used in software development or in the frame of software evolution or
initial development teaching subjects to support education on energy efficiency
measurement during software testing. It might limit students’ creativity by

MEASURING ENERGY EFFICIENCY OF SELECTED SOFTWARE

15

offering a semi-closed sandbox, as hardware plays a very important role by the
current architecture of energy consumption estimation. Some research aims
to brake this limitation – we are looking forward to those results to get them
also integrated.
Another interesting continuation of our work will be an evaluation of the
exactly same test cases using the integrated internet browser on an Android
mobile phone or tablet device. Here, the first limitation is that this platform
forces the user to use specific apps instead of the browser – E-mail client,
Facebook App and YouTube App. Therefore, the comparison results might
look different as the limitations given by the browser are partially eliminated,
which probably introduces significant differences we will have to face while
running the experiments.
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