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ICT used about 4% of the global electricity in
the use stage while in total representing about
1.4% of the global GHG emissions in 2020

The ICT sector’s total greenhouse gas (GHG) emissions were about 5%
higher than in 2015. ICT's share of global GHG emissions of 1.4% was
about the same as in 2015, while the share of use stage electricity
increased somewhat. Use stage GHG emissions relating to electricity use
represent the majority of the total GHG emissions. User devices accounted
for over half of all GHG emissions in the ICT sector, with equal parts
relating to use stage and other lifecycle stages. Networks and data centers
are dominated by use stage GHG emissions.

GHG emissions in the ICT sector: use stage as the dominant contributor

In 2020, the total greenhouse gas (GHG) emissions from the Information and
Communication Technology (ICT) sector were about 764 million metric ton
carbon dioxide equivalents (Mt CO.e) which is 5% higher than in 2015. About
64% of ICT's GHG emissions relates to the use stage, mainly the electricity in the
operation of the equipment. The remaining 36% relate to the other life cycle
stages (raw material acquisition, production and end of life), often referred to as
embodied emissions. A large part of the embodied GHG emissions is also related
to electricity use from raw material acquisition and production.

The ICT sector is divided into three main parts: user devices including internet-of-
things (IoT), networks and data centers. The graphs below show the GHG
emissions divided into use stage and embodied emissions for the ICT sector in
2020.
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The related entertainment and media (E&M) sector dominated by TVs, TV
peripherals, and TV networks is estimated to about 350 Mt CO.e in total —
corresponding to 0.65% of global GHG emissions. This is about 12% higher than
the combined emissions from ICT networks and data centers.

User devices responsible for over half of GHG emissions

The user devices accounted for over half (about 57%) of all GHG emissions from
the ICT sector, with about equal parts relating to use stage and other lifecycle
stages.

For the most common user devices for mobile communication — feature phones,
smartphones, tablets, laptop and desktop PCs and the related PC displays and
customer premises equipment (CPE), the total embodied GHG emissions for 2020
are estimated to about 180 Mt COze. The rest of the ICT devices have embodied
GHG emissions of about 17 Mt COe.

Mobile networks the dominating contributor to GHG emissions

For networks, the use stage GHG emissions are dominating with 155 Mt CO.e
and stands for about 20% of the ICT sector’s total GHG emissions, while the
network’s embodied emissions stand for about 4% (31 Mt CO.e). Total electricity
consumption for network operations in 2020 are estimated to 247 TWh. The
majority part, 161 TWh, is consumed by mobile networks, while fixed broadband
consumed 60 TWh and fixed telephony consumed 23 TWh. In addition, it is
estimated that enterprise networks globally consume 25 TWh per year.

The use stage electricity consumption per subscription in 2020 was in total 24
kWh/subscription (mobile and fixed) and the total GHG emission per subscription
was 18 kg COe/subscription.
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Most GHG emissions from data centers origin from the use stage

The total electricity consumption for data centers, including support activities, is
estimated to 223 TWh for 2020. Combining reported data with extrapolation
using the global average electricity grid emission factor result in 95 Mt CO.e for
the operation of data centers. The total embodied GHG emissions for data
centers in 2020 are estimated to 30 Mt COze, which includes 23 Mt COze for data
center hardware and the rest relates to data center buildings and other non-
electronic infrastructure.

Development over time: the stable carbon footprint of ICT sector

The ICT sector represents about 1.4% of the global GHG emissions including land
use effects presented by UNEP (2022)*. The annual GHG emissions per
subscription have decreased compared to 2015, from 81 kg CO.e/subscription to
74 kg CO.e/subscription. However, the annual use stage electricity consumption
has remained at 89 kWh/subscription between 2015 and 2020. The changes in
GHG emissions can be explained by more renewables in the electricity mix
overall, and additional renewables used in datacenter operations but also in
network operations. This has also helped to keep the sector’s total GHG
emissions stable.

1 United Nations Environment Programme. (2022). Emissions gap report 2022: The closing window — climate
crisis calls for rapid transformation of societies. Nairobi, Kenya.
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The left graph below shows the development of the ICT sector’s operational
electricity consumption and total life cycle GHG emissions from 2007 until 2020,
using also data from an older study?. In the same time period, the global data
traffic increased about 40 times® while the ICT sector's GHG emissions and use
stage electricity has stayed almost the same if excluding the IoT devices” impact
(see dotted lines).
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An increased number of ICT subscriptions has led to a decrease in electricity
consumption and GHG emissions per subscription 2007—-2020 (right graph), but
the decrease has slowed down and electricity consumption per subscription is
similarin 2020 compared to 2015.The main reason for the decrease is the high
growth of mobile subscriptions together with the low network and mobile device
electricity consumption per subscription. Note that the IoT subscriptions are not
included in the number of subscriptions while electricity consumption and GHG
emissions related to IoT are included. If excluding the impact related to IoT
devices from the total GHG emissions and use stage electricity consumption, the
total sector footprint would be lower, as indicated with dotted lines in the figure
above.

Data quality and alignment with ITU

The study has used the standard ITU L.1450* as its methodological basis.
However, it also includes additional categories and by that expands the scope
beyond the standard to also cover emerging categories of equipment such as
virtual reality (VR) devices, see figure.

2 Malmodin, J., & Lundén, D. (2018). The energy and carbon footprint of the global ICT and E&M sectors 2010-
2015. Sustainability, 10, 3027.

3 Cisco. (2015). The history and future of internet traffic. Blog from August 2015.
IEA. (2022). Data centres and data transmission networks. Paris, France.

4 International Telecommunications Union, (ITU-T). (2018). L.1450 Methodologies for the assessment of the
environmental impact of the information and communications technology sector. Geneva, Switzerland, 2018.
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The study builds on a high number of data sources including measured and
reported data from about 150 companies that is estimated to cover about 80% of
network subscriptions, about 55% of data center electricity, and about 35% of
the upstream GHG emissions.

ICT sector boundaries* of this study (modified from ITU L.1450): Qutside ICT:
ices: b x Discussed but not part
User devices: Networks**: Data center**: e
Computers: Displ
plays
Desktop PC L .
Laptop PC c°”('$fe°r2':“dd":%luys Fixed broadband En'e't::::il:.nt and
C t ipherals: . . access networks*** Data center L. .
omp:cer:‘:ﬁirtlglsera ® Other displays (public PSTN Television & (radio)
h and private sector) Cable TV and
PC peripherals (mouse,
keyboard, external broadcast networks
webcam) : including satellites®
| Projectors | Enterprise networks**: Radio broadcast
Phones: Ss9, Ss8, Ss11 X . .
. Wireless Access Printers including
Smartphones, N
Feutur:phnnes networks: copy machines and
Fixed phones incl. Mobile (2G-5G) . scanners
Surveillance cameras Enterprise Paper media
networks:

Gaming consoles
Arcade machines

Tablets LAN, WLAN,
| Smart meters

. Portable cameras
VR headsets | Wearables: |

Watches, rings

Core networks and
data transmission
.

Other portables:
media players,
gaming portables,
GPS portables, e-

| Smart home devices I

| Smart speakers |

Headphones/ Storage: readers
Hearables SSD etc.
Vehicle infotainment
ToT/M2M
:;Em:r::t::: r,.:fd‘::":j communication Telecommunication Crypto currencies
. modules satellites

*  Life cycle emissions of listed categories

Including support activities and support goods, in particular sites, site and data center infrastructure and data center building construction
***  Fixed broodband access networks include both copper and fiber-based technologies, (i.e, xDSL, FTTx and also some cable-TV)

**** This includes all types of core networks for both local and global purpeses (including submarine cables), whether associated with traditional network
architectures (few) or current IP-based architecture. Moreover, transmission includes optical and router hardware
***** Smart home devices e.g., hame menitoring/security, smart lighting, smart thermostats, smart plugs, and smart home special gateways/CPE
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