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Abstract— In the last decade, the number of internet users has increased more than 1000%, reaching 5 billion users. The ICT
sector is responsible of billion tons of greenhouse gas (GHG) emissions yearly, representing 7% of world emissions, tripling the
ones produces by the aviation industry. This is mainly due to the massive data centers that process this ever-increasing amount
of information. This work evaluates the most popular digital services running on those data centers: Facebook, Instagram,
TikTok, YouTube, Netflix, Amazon, Zoom, Skype, and Spotify. Finding the emissions they cause is challenging because of the
lack of both, available data and detailed methodology. Hence, the pollution generated and its causes have been collected from
several sources and contrasted with different simulations. This exhaustive research, not pursued before, confirms that video
streaming services are the most polluting ones. To date, such a complete analysis of the damage to the environment caused by
these applications has not been carried out and it is hoped that this paper will contribute mainly in three ways: raise awareness
of our digital carbon footprint; disseminate knowledge on how to estimate pollution from our online behavior; and pointing to the

causes of the issue to find optimal solutions.

Index Terms—data center, energy consumption, sustainability, video streaming

1 INTRODUCTION

OST recent public statistics show that there are 5

billion internet users [1]. This amount of traffic
flowing through the telecommunication networks pro-
duces an average of 45 gCO:Eq per gigabyte (GB) which
is almost 100 million tons CO:2Eq a year [2]. This is a re-
markable traffic growth is driven mainly by video stream-
ing [3]. In fact, the ICT, and the Entertainment and Media
(E&M) sectors have a great influence on environmental
pollution due to the high requirements on energy and the
associated emissions [4].

One of the main reasons of this carbon footprint are
the data centers, that need huge amount of energy to
store, transmit and receive the digital content. Users’
equipment (specially televisions and laptops), the mobile
networks and other internet elements are also considered
in this study.

The goal of this paper is to enunciate the commercial
names of the most polluting digital services in the world
to identify where actions should be taken. The applica-
tions studied in this paper have changed our daily lives in
the recent years and mostly everyone has used any of
them. This is why this paper pretends to outline the im-
portance of being aware of our digital carbon footprint,
with the most relevant and accurate data available. The
difficulty to provide objective numbers of the pollution
we are causing has led to evaluate different methods and
review many sources. However, even the most conserva-
tive figures are relevant in terms of damage to the envi-
ronment.

The findings reveal that users spend most of their
time interacting with different social media services and,
especially, consuming content on streaming platforms
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which are, indeed, the most polluting ones given the type
and quantity of data involved as will be shown in the
following sections. Other services such as online gaming
platforms or messaging applications were initially con-
sidered but not found comparable in terms of volume of
active users, size of data served and pollution signifi-
cance.

Thus, the platforms for this study are:

1) Social media: Facebook, Instagram and TikTok

2) Video-on-demand: YouTube and Netflix

3) Retailing: Amazon

4) Video conferencing: Zoom and Skype

5) Streaming music: Spotify

As the exact pollution data and the complete meth-
odology applied to support them is not publicly available,
in the interest of creating this classification, different
methods have been used. First, research on the literature
where several sources have been reviewed to find: num-
ber of active users, volume of data transferred, chosen
device by consumers, energy consumption and pollution
generated, all of them, for a given period of time. Then,
some available simulators have been used to verify this
information with special attention to the methodology
considered to obtain those numbers. After a critical com-
parison of the different results derived from each meth-
odology, a ranking of the most polluting platforms has
been established for each of them, as well as a global
ranking, which suggests that the giant usage of videos
and the necessary high computational load and storage,
are the main responsible of the digital contamination.

Therefore, the paper is organized as follows: Section 2
is the Literature Review where we highlight findings that
support our path of investigation and allow us to fill in
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some gaps. Then, Section 3 is a theoretical introduction of
the elements present in the social media platforms, from
the user devices to the companies’ data centers. Section 4
explains the methodology followed to obtain the different
classifications: research-based and simulations, focusing
on the parameters considered on each, which will explain
the differences in the results and their relevance. In Sec-
tion 5, we present the different rankings for the methods
followed. Then, in Section 6, we discuss these differences
and include an analysis of the reasons, as well as a com-
parison of the results with some well-known sources of
emissions, such as the vehicle’s pollution. Section 7 ends
the paper highlighting the conclusions, including the way
the companies should report their emissions, and the
future lines of work. We especially focus on those target-
ed to reduce the energy consumption on the most pollut-
ing elements, data centers, by paying attention to the
source of the problem: the elevated computational load
required to process heavy traffic such as video.

2 LITERATURE REVIEW

A. Batmunkh [4] analyses the social media platforms:
YouTube, Netflix, Facebook, and TikTok by focusing on
the emissions caused by their data centers. It states that
social media is one of the main contaminants in the IT
sector. The study is based on four public estimation
methods, the volume of data and usage time. The formu-
lae of these methods are not critically reviewed in spite of
the differences in the results. In this paper, we also take
figures from the official reports published by the digital
services’ providers, considering them as the most trustful
source, but also comparing them with the secondary re-
search. Moreover, the present work evaluates more ele-
ments in addition to data centers and more digital plat-
forms, with the aim of extracting more solid conclusions.

P. Suski et al. [5] highlights the lack of accurate infor-
mation from providers and presents the results of a sur-
vey of 91 users to note that online video streaming is
highly relevant for the climate change, and it depends on
indicators such as viewing duration, resolution, and
bandwidth of the video. Following this idea, we have
measured the pollution of the evaluated platforms with
online tools. As we also have found an approximation on
the total number of active users for each platform, the
global footprint was estimated. The different publicly
available data and methodologies and the empirical test-
ing will be compared in the Discussion Section.

More estimations on the digital platforms environ-
mental harm have been made in the past. As R. Obringer
et al [2] reported, a common streaming service requires 7
GB per hour when using Ultra HD or 4K quality which
translates in a carbon footprint of 441 gCO:Eq an hour.
Proportionally, streaming 4 hours a day will result in
monthly emissions of 53 kgCO:Eq. Reducing the quality
from HD to standard reduces the footprint to 2.5 kg. Con-
sidering an average between [6] and [7] most updated
data, results in 5.18 billion subscribers estimated for Net-
flix. Hence, the estimation based on standard quality will
lead to 12.95 billion gCO:Eq which doubles what Netflix
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recently reported because they account for the use of
green energy. The present article considers the new sus-
tainability approaches of organizations (i.e., green data
centers).

C. Priest et al, [8] evaluate the sustainable interaction
design of YouTube by using a life cycle assessment (LCA).
They estimated emissions of 10 million tons CO:Eq a year
and they calculated reductions of 300,000 tons CO:Eq a
year by using a sustainable interaction design. As in the
cited work, it has been found the need for official data
reported by companies, including users’ behavior pat-
terns to facilitate where the energy expenditure happens.

Regarding the main traffic flooding our networks, the
importance of video is highlighted on [9], where it is
pointed that video is present in most of the digital plat-
forms: video-on-demand, live streaming, video sharing,
video conferencing, and video in social media. Some
names are mentioned such as YouTube and Netflix. How-
ever, a more complete analysis has been needed for the
present work, considering the number of active users as
well as the time spent on each platform. All these parame-
ters are important to evaluate the carbon footprint of each
platform.

3 THE SOURCE OF THE EMISSIONS

In order to classify the digital services according to
their pollution contribution to the planet, it is useful to
understand where the issue is originated. In the case of
telecommunication processes, the main CO: emissions are
produced by the electricity usage. Therefore, finding the
component where this energy is consumed and its func-
tion in the process is key to understand the problem and
characterize it. An analysis of the different elements in-
volved in this process has been conducted. The goal of
this section is to provide the description of these ele-
ments.

The performance of any of the analyzed platforms (i.e.,
Facebook, Instagram, YouTube, TikTok, Skype, Zoom,
Netflix, Amazon, and Spotify) depends on the following
parts:

- Data Centers: content user requests are mainly

delivered by data centers as most of the software-
based digital content is processed there. The
servers located at these buildings store and pro-
cess massive amounts of data and need to be
running 24/7. This means they are highly power
demanding and heat producers, so they also
need refrigeration (water consumption). In addi-
tion, the information they supply needs to be re-
dundant (being stored somewhere else) which
implies more power and water consumption. At
present, many companies report their data on
electricity consumed and CO; emissions pro-
duced by their data centers, because it is known
that they are one of the most polluting pieces in
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the service delivery process. Although data cen-
ters from big providers have started to use re-
newable sources of energy, they also need to cope
with the bandwidth growth. Consequently, they
are not highly energy efficient in the sense of
[10]. Considering an emission of 32 gCOzEq per
GB, it is estimated that the data storage and
transmission in the world emits 97 million tons
COzEq a year [2].

- Users’ interaction: the time users spent on a digi-
tal service and the size of the data exchanged
during that given time contribute to the energy
consumption. Users’ behavior is not publicly re-
ported by organizations but there are estimations
and surveys published by third party companies.

- Core and Edge Networks: the path where the in-
formation travels from and to the users are pri-
marily optical fibers, switches, routers, and re-
peaters. The energy consumed by this equipment
has been estimated and agreed [8].

- Residential Access Network: the journey taken
by the information to travel from the edge net-
work to the user home (Wi-Fi) relies on different
technologies (DSL, fiber) that will result in differ-
ent power requirements, and usually, general es-
timations for broadband access are considered
[11].

- Cellular Networks: 3G, 4G and 5G networks elec-
tricity usage should be also considered. In fact,
more than 50% of the network’s energy consump-
tion is due to the wireless part which also tends
to develop faster than the fixed network [3]. In
Europe, fixed data traffic per connection was 293
GB/month in 2021 and it is expected to reach 454
GB/month in 2023 (an increment of almost 55%),
while mobile data traffic per connection was 4.5
GB/month and it is expected to reach 16.2
GB/month in 2023 (an increment greater than
90%). Video-based applications drive up mobile
data traffic, being the global average usage per
smartphone 11.4 GB [12].

- End User Devices: the studied platforms can be
mainly used in smartphones, laptops, and TVs.
Each of these devices has different power re-
quirements. Therefore, knowing the type of con-
sumer devices it is crucial to assess the total re-
percussion on the global warming.

Finding solid data on the energy consumption of
the components listed previously is almost impossi-
ble because of the scarcity of official reports by the in-

ternet providers and the different standards and reg-
ulations existing around the world. Usually, organi-
zations report their data centers consumption which
contemplates servers, storage equipment and net-
work devices inside their buildings [13]. In these re-
ports, the energy consumption and associated CO:
emissions are classified according to three scopes:

- Scope 1: these are the emissions directly pro-

duced by companies. In most of the services un-
der study, the companies own the data centers, so
they are included here. Other activities can be in-
corporated but normally, as data centers are the
key component, their energy consumption is re-
ported separately. This is the case of Netflix [14].

- Scope 2: it involves the energy bought by the
companies. In some cases, the energy is acquired
to feed data centers, so we have found the data
centers emissions are reported under this section.
This is the case of Zoom [15].

- Scope 3: these are indirect emissions resulting
from the company’s activities outside their con-
trol. If companies host data center services with
external providers, such as the case of Spotify
[16], data center emissions are reported here in
addition to scope 1 and 2 because they use third
party storage and processing services.

Some companies use scope 1 and 2 to account for
their data centers, such as Facebook [17], Google [18] and
Amazon [19].

In any of these scopes, the organizations do not speci-
fy the expenditure due to the use of their service nor the
network elements consumption, which probably would
need third parties involved and new policies, agreements
and regulations to provide these data unambiguously.
While the end-user-equipment consumption is decreas-
ing, data centers and networks show a relatively strong
increase due to the progressively higher bandwidths. In
the world, the network interconnecting users, and data
centers accounts for approximate 25% of the total energy
consumption and associated emissions [3].

In order to complete the comparison among plat-
forms, this work is sustained with online estimators and
experimental tests on end users’ devices, which use
methodologies that consider the consumption due to the
network and use of the service of the digital communica-
tions system.

According to the authors of [20], the energy con-
sumption is distributed in:

- Data center use: energy required to house and

serve data. This accounts for an estimated 15% of
the complete platforms’ system.

- Network use: data transferred across the net-
work. This accounts for an estimated 14% of the
system.



- Consumer device use: end users interacting with
a product or service. This accounts for an esti-
mated 52% of the system.

- Hardware production: embodied energy used in
the creation of embedded chips, use of data cen-
ters, use of networks, and the use of consumer
communication devices. This accounts for an es-
timated 19% of the system.

The referenced authors have estimated the following
data:
- Annual Internet Energy: 1988 TWh

- Annual End User Traffic: 2444 EB

At present, most of the companies are compromised
to use green energy to feed their data centers and there
are many of the analyzed ones using 100% of renewable
energy. However, this does not mean they do not generate
GHG emissions. In fact, they publish location-based and
market-based data. The location-based method reflects
the average emissions intensity of grids on which energy
consumption occurs (using mostly grid-average emission
factor data). The market-based method reflects emissions
from electricity that entities have purposefully chosen (or
their lack of choice) [23]. The market-based method al-
lows organizations to take credit for the green electricity
they purchase by applying emissions factors. In this
work, we have selected the market-based information,
which are more conservative than the location-based
ones.

4 METHODOLOGY

Once the system elements contributing to the pollu-
tion of the applications were identified, several rankings
have been obtained according to different methods. First,
data from each platform have been collected from litera-
ture: a series of attributes to provide a comparison be-
tween the chosen applications have been put together
from published indicators such as number of active users,
average time spent on it by most of the people, power
consumption and CO: emissions. Likewise, online calcu-
lators to get more insights have been helpful to support
this work. Besides, some empirical tests were performed
with available software to estimate emissions caused by
normal usage. The experimental testing has been carried
out on a smartphone (Samsung Galaxy S21 Ultra 5G with
Android 12) and a laptop (Dell XPS 15 9500 with Win-
dows 10 Pro). The following paragraphs describe the
methodology used to create each ranking.

4.1 Investigation-based assessment

The lack of objective available information has led to
take several approaches to find answers. First, available
literature, i.e., official organizations’ “Environmental,
Social and Governance (ESG)” reports, internet reports,
news and blogs have been compared. The numbers ob-
tained from these sources have been examined and an
average is presented as the selected value to compare the
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GHG emissions produced by the selected platforms.

In the cases where the material was procured by the
digital platform’s organizations, no average is calculated,
and the reported value is shown.

In relation to YouTube, there were not an ESG report.
Instead, it was found for Google. This source has been
utilized; first, because no other official data is available;
second, because, as described in Section 3.2, video stream-
ing is the most energy consumption type of traffic on
companies’ data centers, so we consider the GHG from
Google are mainly due to the video processing; the third
reason is that we have compared those numbers with
data from other publications (i.e., [22] estates that
YouTube produced 702 billion gCO:Eq ) which are similar
numbers to the Google’s report, so our approach is justi-
fied.

Respecting Zoom, as the platform is mainly used for
professional purposes, the number of monthly active
users is counting only the working days (an average of 20
days a month).

With this data, we have created the first ranking
“Ranking 1. Pollution due to data centers”.

4.2 Social carbon footprint calculator

The “Social carbon footprint calculator” [24] is an
online tool that calculates the gCO2Eq per day and per
year for a user, based on the time spent in the social plat-
forms. Using the average time spent on YouTube, Face-
book, Instagram and TikTok found to complete Table I,
those figures have been obtained (the evaluation is done
only for those platforms, because the rest are not available
in the calculator). The social media carbon footprint calcu-
lator works by taking the number of minutes spent on
each social media site and multiplying them by the esti-
mated emissions per minute for that site and multiplying
the daily figure by 365 to calculate the annual footprint.

Its authors explain that the average emissions per
minute for each app were sourced from Greenspector and
measured on a Galaxy S7 smartphone. They run 1-minute
tests and average 3 homogeneous measurements [25]:
they launch each application and wait 20 seconds, scroll
through the news feed or the “Discover” tab and measure
the consumption.

They follow a complete Life Cycle Inventory (LCI)
part and a simplified Life Cycle Assessment (LCA). The
LCI is predominant in their model to ensure reliable and
representative data [26]. This methodology consists in the
following steps:

- Energy consumed on a smartphone: measure-

ment of the energy and data exchanged for the
smartphone part (via laboratory measurement)

- Data exchanged on the network: measurement of
the energy consumption of the server part (via a
partner), considering requests processed by the
server, Power Usage Effectiveness (PUE), server
type and the electrical emission factors of a par-
ticular country. As it is not specified, we assume
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the authors used the France’s emission factor,
0.057 kgCO2Eq/kWh from [27], more updated
than 0.035 kgCO,Eq/kWh, which is used in the
following methodology explained, in Section 4.3.

This way, the unit footprint by user journey is ob-
tained taking into account the device, the network and the
data center.

In this paper, we have computed the daily pollution
per user with this calculator and we have used it to obtain
the monthly pollution by multiplying by 30. Then, using
the researched number of monthly active users for each of
those platforms, accessing through smartphones (for the
cases where this information was not available, we have
used half of the total monthly active users; this is the case
of Instagram and TikTok) and considering the average
time spent on the platform, we have obtained the month-
ly total pollution and the annual total pollution for each
application. Using these data, we created the second rank-
ing, “Ranking 2. Pollution due to full system for phone
users (online Calculator)”.

4.3 Carbonalyser tests on smartphone

In the same way, using the results provided by the
application “Mobile Carbonalyser” [28], we have estimat-
ed the annual total pollution. This simulation could be
run for all the analyzed platforms: Facebook, Instagram,
YouTube, TikTok, Skype, Zoom, Netflix, Amazon and
Spotify.

However, Skype had to be left out of our evaluation
because reliable sources to find the average time spent on
the platform by users was not found. The tool obtains the
energy consumption, the pollution associated and the
data exchanged for the time the user is running the app.

The Carbonalyser uses the “1byte” model was devel-
oped by The Shift Project for its report “Lean ICT — To-
wards digital sobriety”, published in October 2018.

Similar to the social carbon footprint calculator meth-
odology already described, it calculates the electricity
consumption coming from data traffic, by modelling the
electricity consumed by:

- Data centers through which data transfer

- Networks infrastructures (network consumption

is calculated for WIFI network)

- The device used to browse the Internet, i.e., an

average consumption measured for the

smartphone

The calculated electricity consumption is linked to
GHG emissions by the carbon intensity factor of the se-
lected location. The factor describes emissions lead by
electricity generation, following the electrical mix of the
location. The following factors are applied:

- European Union: 0.276 kgCO,Eq/kWh

- France: 0.035 kgCO2Eq/kWh
- United States: 0.493 kgCO,Eq/kWh
- China: 0.681 kgCO2Eq/kWh

- Other (average world carbon intensity fac-
tor): 0.519 kgCO2Eq/kWh

As in 4.2, the tests were run in Spain, so the European
Union or the world carbon intensity factors can be as-
sumed. Taking the number of monthly active users ac-
cessing through smartphones (for the cases where the
information was not available, we have used half of the
total monthly active users: i.e., Instagram, TikTok, Zoom,
Amazon and Spotify), we have obtained the consumption
of 1 minute of normal interaction with the latest version
of each application in their default settings (the results of
5 tests were averaged). The monthly total pollution was
derived by multiplying those results by 30 and by the
number of monthly active users. Then, we calculated the
annual total pollution by multiplying the last result by
365. This way, we have created the third pollution ranking
“Ranking 3. Pollution due to full system for phone users
(Carbonalyser)”.

4.4 Carbonalyser tests on computer

These estimations follow the same principles as the
previous one, but this time, the 1-minute tests for each
platform was performed 5 times in the testing laptop and
averaged. They were run using the Firefox browser, as
this analyzer is a Firefox add-on. In addition, the re-
searched number of users for each application accessing
through PC was used to estimate to annual total pollution
due to each platform. Skype could not be included, as it
does not work on Firefox. For Instagram, TikTok, Zoom
and Spotify, the number of monthly active users accessing
though PC was not available, so half of the total volume
was used. Consequently, we have created the fourth rank-
ing, “Ranking 4. Pollution due to full system for laptop
users (Carbonalyser)”.

4.5 Carbon footprint using different carbon factors

In order to obtain pollution results that can be really
explained, the Methodology in [29] was applied to obtain
the total system emissions and the emissions only due to
the data centers contributions, so we can compare those
results with the ones obtained in the previous Rankings.
The steps followed to obtain these results were:

1. Gather the data transfer per visit in GB, for the

smartphone users: this was obtained from the
Carbonalyser tests that show the data exchanged
per minute. That number was multiplied by the
average time spent in the platform, obtained
from the research to create Ranking 1.

2. Gather the data transfer per returning visit in GB,
for the smartphone users: this was obtained
through an approximation; i.e., two thirds of the
new visitors’ traffic, as we consider some data is
already saved in cookies and cache.

3. Gather monthly visitors using smartphone: ob-
tained through research as in Ranking 3, Section
4.3.



4.  Apply a carbon factor (due to renewable energy
sources) of 50 g/kWh, as suggested by this meth-
odology.

5. Apply the Annual Internet Energy / Annual End
User Traffic = 0.81 TWh/EB or 0.81 kWh/GB, also
from [29].

Likewise, we obtained the same data for laptop users.
In order to check how the different carbon factors found
in the literature can change the results, for a global grid
carbon factor of 442 g/kWh provided by [29], and for a
global carbon factor of 519 g/kWh, taken from [28], we
calculate the following parameters:

- Energy per visit in kWh (E): [Data Transfer per

Visit (new visitors) in GB x 0.81 kWh/GB x 0.75] +
[Data Transfer per Visit (returning visitors) in GB
x 0.81 kWh/GB x 0.25 x 0.02]

- Emissions per visit in gCO2Eq (C): E x 442 g/kWh
(or alternative/region-specific carbon factor)

- Annual energy in kWh (AE): E x Monthly Visi-
tors x 12

- Annual emissions in gCO2Eq (AC): C x Monthly
Visitors x 12

Annual Segment Energy:
- Consumer device energy: AE x 0.52

- Network energy: AE x 0.14
- Data center energy: AE x 0.15
- Production energy: AE x 0.19

Annual Segment Emissions:
- Consumer device emissions: AC x 0.52

- Network emissions: AC x 0.14
- Data center emission: AC x 0.15
- Production emission: AC x 0.19

Once we calculated the results for smartphone users
and laptop users, using both carbon factors, we sum the
results (i.e., smartphone plus laptop users) for each social
media application to obtain the total pollution. Therefore,
in this approximation, we are missing users accessing
through TVs, tablets, and other devices. However, we can
compare the results applying this methodology with the
ones resulting from methodologies explained in Sections
4.2 to 4.5. Following the same approach, we obtain the
total contribution due to the data centers for these users,
so we can compare with Ranking 1. This method will
provide two rankings: “Ranking 5. Pollution due to full
system for a carbon factor of 442 g/kWh (Formulae)” and
“Ranking 6. Pollution due to full system for a carbon
factor of 519 g/kWh (Formulae)”.

4.6 Comparison between the carbon footprint
methodologies

At this stage, three methodologies are available to ob-
tain the social media carbon footprint due two data cen-
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ters: Section 4.1, from literature, and Section 4.5, applying
the formulae for smartphones and laptop users, using two
different carbon factors.

In addition, five methodologies are presented to
compute the complete system pollution: Sections 4.2 to
4.5. In the latter, we compared the results for each meth-
odology for all platforms, so we can discuss which plat-
form is the most polluting for each methodology.

Finally, by averaging all the data center pollution
rankings for each application, we obtained the overall
most polluting platform due to data centers and, by aver-
aging all the full system pollution rankings for each ap-
plication, we obtained the overall most polluting platform
due to the full system.

This provided the two final classifications: “Ranking
7. Average Pollution due to data centers (All Methodolo-
gies)” and “Ranking 8. Average Pollution due to full sys-
tem (All Methodologies)”

4.7 Greenhouse gas equivalencies calculator from
the EPA

The Greenhouse Gas Equivalencies [30] calculator al-
lows to convert emissions or energy data to the equivalent
amount of carbon dioxide (CO2) emissions of well-known
pollution sources. The calculator helps to translate ab-
stract measurements into concrete terms everyone can
understand, such as the annual emissions from cars,
households, or power plants.

The Greenhouse Gas Equivalencies Calculator uses
the AVoided Emissions and geneRation Tool (AVERT) [62]
U.S. national weighted average CO:marginal emission
rate to convert reductions of kilowatt-hours into avoided
units of carbon dioxide emissions. The emission factor
used is 7.09 x 10 metric tons CO2/kWh. In this paper the
emissions data has been input in the calculator, instead of
the energy data, so this metric is implicit in the provided
equivalent emissions.

Concretely, the calculator has been used to obtain the
equivalent miles driven by an average gasoline-powered
passenger vehicle and the equivalent pounds of coal
burned [31] for the most polluting platforms according to
the two final rankings described in Section 4.6: “Ranking
7. Average Pollution due to data centers (All Methodolo-
gies)” and “Ranking 8. Average Pollution due to full sys-
tem (All Methodologies)”, but also for the overall least
pollutant ones, so we can argue in the Discussion Section
if even the most conservative numbers are still important
in terms of damage to the environment.

5 RESULTS

The following sections present the rankings devel-
oped according to the literature and tools found. Then,
we compare them to make conclusions about the most
environmentally damaging platform. The parameters for
each ranking can be found in the Supplemental Material
of this paper; there is a table for each of them, and they
are cited in the following sections, where the data is pre-
sented with charts that allow to better extract conclusions
at a glance.
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5.1 Investigation-based assessment

Table I (see Supplemental Material) has been popu-
lated with the average data obtained from the different
sources indicated next to each item. This is the “Ranking
1. Pollution due to data centers”.

According to this ranking, Netflix is the most energy
demanding platform with 156.56 TWh a year. Because of
the use of renewable energies, it is not the most polluting
one. Instead, it is YouTube, followed by Spotify. Spotify’s
power consumption data has not been found from a veri-
fied source. However, in their Equity Impact Report, it is
explained that the availability of renewable energy of-
fered by their providers varies across regions, which sug-
gests that not all their data centers use a high percentage
of renewable energy.

Therefore, for this ranking;:

- The most polluting platform is: YouTube, with

950.11 billion gCO,Eq yearly.
- The least polluting platform is: Netflix, with 6.3
billion gCO,Eq yearly.

Both of them account mainly for the energy con-
sumed by their data centers and they apply renewable
energy factors.

5.2 Smartphone Model Simulator

“Ranking 2. Pollution due to full system for phone
users (online Calculator)” (see Table II in the Supple-
mental Material) has been created using the web simula-
tor from [24], which uses a methodology [25], and the
data found to populate Table I, considering only users
accessing to the smartphone’s application. In that degree:

- The most polluting platform is: TikTok, with

24,660 billion gCO,Eq yearly.
- The least polluting platform is: YouTube, with
5,780.16 billion gCO,Eq yearly.

5.3 Carbonalyser tests on smartphone

The results from these tests are available in the three
first columns of Table III in the Supplemental Material,
which was completed as in 5.2 to obtain the annual pollu-
tion, resulting in “Ranking 3. Pollution due to full system
for phone users (Carbonalyser)”.

In the same manner, contemplating only users access-
ing to the smartphone’s application:

- The most polluting platform is: Facebook, with
85,424.09 billion gCO,Eq yearly.

- The least polluting platform is: Amazon, with
3,217.45 billion gCO,Eq yearly.

5.4 Carbonalyser tests on laptop

The results from these tests are available in the three
first columns of Table IV in the Supplemental Material. As
in 5.2 and 5.3, the annual emissions were obtained to
create the “Ranking 4. Pollution due to full system for
laptop users (Carbonalyser)”.

Here, we consider users accessing from their laptop:

- The most polluting platform is: Zoom, with
1,719.90 billion gCO,Eq yearly.

- The least polluting platform is: Amazon, with
135.36 billion gCO,Eq yearly.

55 Carbon footprint using different carbon
factors

Tables V and VI show the total emissions caused by
smartphone and laptop users. Table V shows the annual
emissions due to the full system and due only to data
centers, for a carbon factor of 442 g/kWh. Equivalently,
Table VI considers a carbon factor of 519 g/kWh. These
originate “Ranking 5. Pollution due to full system for a
carbon factor of 442 g/kWh (Formulae)”, “Ranking 6.
Pollution due to full system for a carbon factor of 519
g/kWh (Formulae)”, “Ranking 7. Pollution due to data
centers for a carbon factor of 442 g/kWh (Formulae)”, and
“Ranking 8. Pollution due to data centers for a carbon
factor of 519 g/kWh (Formulae)”.

The calculations are shown in detail in Tables IX to
XII of Supplemental Material. Tables IX and X correspond
to a carbon factor of 442 g/kWh, for smartphone users and
laptop users, respectively. Similarly, Tables XI and XII,
correspond to the calculations with the carbon factor of
519 g/kWh.

Therefore, for “Ranking 5. Pollution due to full sys-
tem for a carbon factor of 442 g/kWh (Formulae)”:

- The most polluting platform is: Netflix, with

411.31 billion gCO,Eq yearly.
- The least polluting platform is: Amazon, with
0.25 billion gCO,Eq yearly.

Proportionally, for “Ranking 6. Pollution due to full
system for a carbon factor of 519 g/kWh (Formulae)”:
The most polluting platform is: Netflix, with

482.91 billion gCO,Eq yearly.
- The least polluting platform is: Amazon, with
0.288 billion gCO,Eq yearly.

Equivalently, for “Ranking 7. Pollution due to data
centers for a carbon factor of 442 g/kWh (Formulae)”:
- The most polluting platform is: Netflix, with

61.70 billion gCO,Eq yearly.
- The least polluting platform is: Amazon, with
0.04 billion gCO,Eq yearly.

Finally, for “Ranking 8. Pollution due to data centers
for a carbon factor of 519 g/kWh (Formulae)”:
- The most polluting platform is: Netflix, with
72.44 billion gCO,Eq yearly.
- The least polluting platform is: Amazon, with
0.04 billion gCO,Eq yearly.

5.6 Comparison between carbon footprint
methodologies



Fig. 1, shows the results for each methodology in all
the platforms, so we can visualize which are the most and
the least polluting depending on the methodology.

Social Media Pollution for different methodologies
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Fig. 1. Social Media Pollution for each platform, according to the
different methodologies.

The differences and similarities found in these results
will be commented in the Discussion Section. In order to
be able to come out with an overall winner, we have con-
sidered all the methodologies and averaged the results
obtained in the different rankings. This establishes the
“Ranking 9. Average Pollution due to data centers (All
Methodologies)”, where:

- The most polluting platform is: YouTube, with

316.82 billion gCO,Eq yearly.
- The least polluting platform is: Instagram, with
4.11 billion gCO,Eq yearly.

And “Ranking 10. Average Pollution due to full sys-
tem (All Methodologies)”, that shows that:
- The most polluting platform is: Zoom, with
21,107.62 billion gCO-Eq yearly.
- The least polluting platform is: Amazon, with
838.36 billion gCO,Eq yearly.

The platforms’ pollution proportions are shown in
Figs. 2 and 3 and the calculations are detailed in Table VII
of the Supplemental Material.
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Ranking 9: Average Data Centers Pollution

m Facebook = Instagram = YouTube = TikTok = Zoom = Metflix m Amazon = Spotify

Fig. 2. Ranking 9: Overall (average) data centers pollution for each
platform.

Ranking 10: Average Total pollution

» Facebook n Instagram = YouTube = TikTok

u Zoom u Metflix m Amazon = Spotify

Fig. 3. Ranking 10: Overall (average) full system pollution for each
platform.

5.7 Greenhouse gas equivalencies calculator
from the EPA

Table VIII in the Supplemental Material presents the
equivalent miles driven by a gasoline car and the equiva-
lent pounds of coal burned needed to produce the GHG
emissions for the overall most pollutant platform, accord-
ing to Rankings 7 and 8, and for the least pollutant.

Being Zoom the overall most polluting platform pro-
duces the same gCO:2Eq as 52.40 billion miles driven by
gasoline cars or 23.35 billion pounds of coal burned. The
overall greenest platform, Amazon, generates contamina-
tion equivalent to driving 2.08 billion miles or burning
927.60 million pounds of coal. In the Discussion Section,
we will put these numbers into perspective to show the
impact of our online behavior.

6 DiscussIioN

In this section, the resulting rankings will be com-
pared. From Fig. 1, we can observe a similar magnitude
order in all rankings, except for Rankings 2 and 3 that will
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be analyzed later.

With the lack of accurate data about how the compa-
nies report their emissions, the difference in Rankings 1,
4,7 and 8 can be explained by aspects such as the number
of active users and the consumer devices considered.

Changing the emission factor can vary the results
proportionally to that value, as shown in Rankings 5 and
6, as explained in Section 4.5, in order to obtain the con-
tribution due to data centers, we only need to multiply
the total system contribution by 0.15; i.e., it is a propor-
tion of the full system’s emissions.

The meaningful differences are found in Rankings 2
and 3. The methodology used for Ranking 2 is not fully
available and the carbon factor is not published. In addi-
tion, there is no mention to the renewable energy factor,
which could explain the dissonance in the results ob-
tained. Still, it has been possible to verify some data. For
instance, in [25], the authors present the exchanged data
for each platform per minute, which is in the same order
of magnitude as the one obtained during our tests with
Carbonalyser. For example, for Instagram, we obtained
21.5 MB/minute, while they reported 32.46 MB/minute.

The methodology applied for Ranking 3 is based in
the energy consumption of a model created in 2018 by
empirically measuring the power consumption of a
smartphone and a laptop. The data centers and network
impact were also estimated in 2018. These two facts plus
the absence of mentioning any renewable energy factor,
could explain the differences in the results, making them
outdated. In effect, Ranking 3 presents results too far
from the rest of the rankings, especially for Facebook,
Zoom and Netflix, companies that affirm using high per-
centages of renewable energies.

If we compare the daily user pollution for the plat-
forms available in Rankings 2 and 3, it is clear that there
are differences in the methodologies:

- Facebook: 100.12 and 26 gCO,Eq; i.e., 3.9 times

bigger in Ranking 3

- Instagram: 91.12 and 30 gCO,Eq; i.e., 3 times big-
ger in Ranking 3

- YouTube: 28.76 and 18 gCO,Eq; i.e., 1.6 times
bigger in Ranking 3

- TikTok: 94.22 and 137 gCO,Eq; i.e., 1.4 times
smaller in Ranking 3

These proportions in the daily user pollution are
causing the out-of-range results, as the rest of calculations
performed to obtain the total pollution use the same data.
Actually, the same ratios can be observed in Fig.3.

We could argue that Rankings 2 and especially, Rank-
ing 3, are neither accurate nor even realistic. In any case,
the fact is that published objective data are missing. Fac-
ing the difficulty of obtaining a valid ranking of the most
polluting platforms and, given the uncertainty of the
results, we can discuss the possibility of these numbers to
be near the real pollution figures but also, we can take the
smallest results from the rankings, so we make sure the
conclusions are as prudent as possible.

Following this idea, to put into perspective, we creat-

ed Table VIII explained in Section 5.7. As mentioned in
Section 5.5, Zoom is the overall most polluting platform
with 21,107.62 billion gCO:2Eq, which is equivalent to
driving 52 billion miles.

According to [32], this number is close to the total
miles driven by light vehicles in the UK per year, 54.40
billion miles. That pollution is also equivalent to burning
23.35 billion pounds of coal, which is slightly higher than
the coal consumed in the UK, 19 billion pounds, accord-
ing to [33].

Regarding the overall greenest platform, Amazon,
with 838.36 billion gCO:Eq, it is equivalent to driving 2.08
billion miles. This is more than the annual miles driven by
buses and coaches in the UK, 1.8 billion miles. It is also
equal to burning 928 million pounds of coal which is
comparable to the annual electricity consumption of 1,226
houses [31].

Hence, even the least pollutant service translates in
prohibitive contamination figures.

From this evaluation, we can also conclude that the
pollution is not as highly dependent on the number of
users, as it is in the amount of data exchanged, which is
also proportional to the time spent on the social media
application. Actually, in Figs. 1 and 2, we can see that
Spotify and Amazon are some of the greenest platforms
(even if Spotify’s data centers are not the most energy
efficient, as shown in Fig. 3), as the type of traffic (i.e.,
data and audio) is not the heaviest. The rest of the plat-
forms deal with big amounts of traffic, especially due to
the rise of online video.

7 CONCLUSIONS AND FUTURE DIRECTIONS

This paper provides eight different rankings with the
most polluting platforms in the world following eight
methodologies. Overall, Zoom, Facebook and Netflix are
the most polluting digital services in the world, according
to this examination. But considering only the pollution
due to the companies’ data centers, YouTube is the win-
ner. The diverse results obtained in the rankings are not
only due to the differences in the methodologies applied
to create them (some methodologies are not fully availa-
ble or they are obsolete), but also because of the input
parameters needed to compute the pollution; i.e.,, number
of active users, consumer devices, etc.,, which are not
objectively disclosed by companies.

The parameters (and estimations when objective data
was not found) used in this paper to create the different
rankings would not be needed if digital service providers
would gather their service usage around the world and
compute, for each country, the GHG emissions based on
the electricity generation factors for each region. It is im-
portant to consider the complete system in the delivery of
a digital service to avoid having inaccurate comparisons
among platforms. This will probably require them to rely
on third parties to provide these data. This is one of the
reasons why some global regulations should be created so
all the corporations involved in the digital communica-
tions collaborate transparently and include this infor-
mation in their ESG reports.
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An additional solution, from the engineering point of
view, could be developing a new networking protocol,
probably similar to current ones but including a small
field to account for the energy spent in the different parts
of the system where the information is transferred, by
applying the correct emissions factors, according to the
location. At present, our online behavior is quite tracked,
especially for commercial purposes, so we could take
advantage of this knowledge to help the planet and, as a
consequence, our well-being. A solution of this kind could
help to identify how to solve the energy issues in the
different stages of the digital system and verify if the
solutions we are adopting are really efficient. Other solu-
tions to obtain the energy consumption of telecommuni-
cations by applying cutting-edge technologies, such as
modelling the different components involved in the in-
formation journey using metaverse, should be carefully
analyzed. Indeed, we should consider if the metaverse
development and operation generate more pollution that
what it is pretending to save. Actually, metaverse itself is
energy hungry. The reasons are that some processes like
the high-resolution streaming of 3D objects and the need
for training Al models are computationally expensive.
The network densification due to the high data rates and
the low latency requirements are other reasons that sug-
gest that, unless thoughtfully designed, the metaverse
will contribute to the problem rather than solving it.

At present, the fastest solution seems to be the use of
renewables. Most of the analyzed companies have recent-
ly achieved 100% renewable energy to feed their data
centers. However, as seen in the Results Section, this does
not mean zero emissions because green energy also pro-
duces GHG emissions, especially during the manufactur-
ing and transportation processes. The disruption on the
wildlife habitat and the significant quantities of water
needed for some of them, are other reasons to avoid the
massive generation of energy in the telecommunications
industry.

An aspect that could really help is data on users’ be-
havior which would be valuable to optimize the plat-
forms design. This is especially important for video-
streaming platforms. In fact, from the explanations in
Section 2, we can infer that if every user would low the
video resolution from HD to SD, more than 50 kgCO:Eq
will be avoided. Nevertheless, it is well known that the
premise of offering video services with lower default
resolution is not fully adopted by the digital providers
because downgrading the quality of service is counter-
productive: it can damage reputation and make compa-
nies to lose customers. Other attempts such as charging
companies and end users per internet consumption and
penalizing high video resolution are measures that have
been on the table [3] for long but not applied. This raises
the opportunity to create new methods to reduce the
amount of exchanged data.

The problem with the quantity of data is not only that
it can be proportional to the GHG emissions: in fact, the
exponential bandwidth growth may become unsustaina-
ble from the network’s physical implementation point of
view.

SUBMITTED TO IEEE TRANSACTIONS ON SUSTAINABLE COMPUTING

This research has induced to pay special attention to
video streaming. Within the ICT sector, video traffic has
been identified as the major driver of CO:z emissions. It is
estimated that 60 % of global data traffic can be attributed
to video [3]. It accounts for 69% of all mobile data traffic
and it is forecasted to increase 79 % in 2027 [12]. This is
facilitated by the “all-you-can-eat” design of the digital
platforms that, additionally, allows several users to watch
different content at the same time per unique subscrip-
tion. Other common behavior such as turning on video
while doing other activities, leads to the traffic increase.
For instance, free video platforms like YouTube, create an
unnecessary digital waste, as users tend to play videos to
only listen to music [8]. The pandemic also accelerated the
uptake of video services, especially streaming and video
calling. Innovative advances can lead to the solution to
the contamination problem by bringing out more efficient
ways of creating, storing, and transmitting-receiving the
information without losing the quality of service. We can
conclude by stating that the real source of the pollution
caused by social media is the amount of data traffic ex-
changed, especially video. It does not only require huge
data centers to be stored, but these servers, and even con-
sumer devices have to process every time bigger volumes
of data, and this is computationally expensive, not to
mention the economic cost of the energy (renewable or
not). Solutions such as lighter, more energy efficient video
compression algorithms and video protocols such as [34] -
[37], seem to be one of the most sustainable options.
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