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1.8% Minimum estimated percentage of global carbon emissions attributable to the ICT sector.

3.9% Maximum estimated percentage of global carbon emissions attributable to the ICT sector.

2.5% Estimated percentage of all carbon emissions attributable to all aviation globally.

3% Estimated portion of total global energy supply consumed annually by data centers.

100% Increase in portion of global energy supply used by data centers over the past 10 years.

45% Percentage by which meeting ITU1 standards could reduce ICT sector emissions by 2030.

2050 Year by which the European Commission has committed to net zero carbon emissions. 

2041 Latest by when the UN warns catastrophic “red line” of global warming will be crossed.

BY THE NUMBERS: COMPUTING AND CLIMATE CHANGE  

 Complete, accurate, consistent, and transparent measurements of Information 
and Communication Technology (ICT) sector carbon emissions are needed to 
assess whether reduction targets have been met.

 Computing-enabled effi  ciencies must be coupled with slashed energy demand to 
reduce ICT sector carbon emissions.

 Coordinated, clear, and enforceable governmental policies and law are needed 
to reduce ICT sector carbon emissions.

POLICY IMPLICATIONS

ACM’s Technology Policy Committees provide cutting edge, apolitical, non-lobbying scienti� c information 
about all aspects of computing to policy makers in the United States and Europe. To tap the deep expertise of 
ACM’s 100,000 members worldwide, contact ACM’s Global Policy O�  ce at acmpo@acm.org or +1 202.580.6555.
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OVERVIEW
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The computing and communications technologies com-
prising the ICT sector already have contributed toward 
mitigating the climate emergency and they have potential 
to do more. However, while these technologies deliver 
increased efficiency across the global economy, they also 
require energy to manufacture, operate, and recycle. It 
is also true that some offer no climate-related benefits, 
instead contributing only to increased energy demand. 

The energy demands and carbon output of computing 
and the entire ICT sector must be dramatically moder-
ated if climate change is to be slowed in time to avoid 
catastrophic environmental damage.2 The scale of the 
challenge is great and growing fast.

Consider:

•   Data centers worldwide use twice as much of the  
total global electricity supply as just 10 years ago:   
now roughly 3%;2

•   The evolution of artificial intelligence has exploded 
that demand. Its “computational overhead” (resources 
needed to perform operations) increased an estimated 
300,000 times between 2012 and 2018, doubling every 
few months; 3

•   The number of internet-connected devices is expected 
to increase five-fold between 2015 and 2025 to more 
than 75.44 billion.4 The increased manufacturing ac-
tivity and network traffic associated with their prolifer-
ation will dramatically (though not strictly proportion-
ately) increase carbon emissions globally; and

•   Blockchain technology is becoming increasingly 
popular, particularly in connection with cryptocurrency 
use, but is notoriously energy-intensive. Indeed, the 
carbon footprints of some cryptocurrencies exceed 
those of entire nations.5

Accurately measuring emissions is a critical 
prerequisite to reducing them

Estimating ICT-related emissions and their climate im-
pacts poses many difficulties,6 including fundamentally 
determining what industries, products, and activities to 
factor into calculations of the sector’s emissions. Many 
currently available estimates, for example, do not account 

for the rapidly growing numbers of embedded devices, 
nor the emissions produced by machine-to-machine 
communication. Sometimes, massive as their energy con-
sumption is, even the emissions of server farms support-
ing cryptocurrencies are excluded from calculations.7

Most peer-reviewed studies since 2015 estimate the ICT 
sector’s share of global greenhouse gas emissions to be 
between 1.8% and 2.8%. By comparison, all of global avi-
ation’s share is estimated at 2.5%.8 The true figure for the 
ICT sector, however, might be as high as 3.9% if adjust-
ments are made to account for the full supply chain and 
lifecycles of ICT sector products.9

It is critical to the success of climate change mitigation 
efforts that measuring ICT sector emissions be globally 
consistent and accurate, since systematically underesti-
mating them will contribute to catastrophic global warm-
ing. Specifically, it is important that estimates account 
fully for direct emissions from burning fossil fuels on 
site, indirect emissions from purchased electricity and 
gas, and all other indirect emissions in a product’s or 
service’s value chain.

Reducing emissions and energy demand are 
both essential to meeting vital climate targets

To date, the ICT sector has relied on continuous improve-
ments in efficiency (or Moore’s law)10 to keep emissions 
from soaring at an even faster rate than they are rising at 
present. The efficiency curve of processor technologies, 
however, may be flattening due to heat management lim-
itations and even the laws of physics at minuscule scale.

Leading analysts’ projections of the ICT sector’s future 
climate impacts differ significantly,2, 11, 12  but even the 
most optimistic projections envision its overall footprint 
merely stabilizing at current high levels. If stabilization is 
the best that can be achieved while other sectors’ emis-
sions decrease, the ICT sector’s proportionate share of 
global emissions would increase dramatically.7 Indeed, at 
current rates, recent research indicates that it may exceed 
one-third of all global emissions by 2050.7

Entire specialty fields within computing are dedicated 
to developing techniques for improving efficiency but, 
even with continuous efficiency improvements in the 
ICT sector, its emissions will not decrease by default. 

November 2021 | Issue 1 acm.org/public-policy/techbriefs

The energy demands and carbon 
output of computing and the entire 

ICT sector must be dramatically 
moderated if climate change is 
to be slowed in time to avoid 

catastrophic environmental damage.

The ICT sector’s share of
global greenhouse gas emissions

is between 1.8% and 2.8%.
Global aviation’s share
is estimated at 2.5%.
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Indeed, historically carbon emissions associated with 
the computing sector have risen consistently and 
dramatically throughout its history due to “rebound 
effects,” well-documented phenomena characterized by 
increased energy demand as effi ciency improves.13

Major emissions reductions are expected to come from 
transitioning to renewable and other low-carbon energy 
sources, principally by data centers. Company pledges 
to adopt 100% renewable energy are important, though 
on their own will not eliminate their climate impacts. A 
switch to 100% renewable energy could reduce ICT emis-
sions by more than 80% according to some analysts,11 but 
this should not be seen as license for continued growth 
in data center energy demand, nor computing energy 
demand in general.

Clear and consistent policy and law are vital to 
mitigating climate change

The scientifi c community has strongly recommended 
limiting global warming to 1.5 degrees Celsius above 
pre-industrial levels,14 a recommendation codifi ed in 
2015’s historic Paris Agreement.15 Meeting the Agree-
ment’s 1.5 degree target requires rapid emissions reduc-
tions across the global economy and achieving net zero 
emissions by 2050.

To date, the European Commission has committed to 
net zero data centers by 203016 and, in February 2020, the 
United Nations’ International Telecommunication Union 
(ITU), which focuses on ICT sector industries, released 
its own emissions reduction targets. If met, the voluntary 
ITU standard would by 2030 reduce the ICT sector’s emis-
sions by 45% compared to 2020 levels.17

There also are signs of commitment by some major 
technology companies to signifi cantly reduce emissions, 
with some working toward even more ambitious carbon 
negative targets than those set forth in the Paris Agree-
ment or by the ITU. In the absence of policy mechanisms 
to reward this leadership and/or compel action by compa-
nies that fail to address their climate impacts, however, 
market forces will threaten meaningful progress because 
companies that do not meet emission reductions targets 
will realize a short-term competitive advantage.

This suggests that the ICT sector (including the operators 
of data centers and networks, and the makers of myriad 
devices) will not achieve signifi cant emissions reductions 
without coordinated, clear, and enforceable governmen-
tal policies and law specifying the ICT sector’s responsi-
bilities with respect to the present climate emergency.18

 Increased computing effi  ciency alone is unlikely to meaningfully reduce the ICT 
sector’s own emissions.

 Unchecked emissions growth in the ICT sector cannot be justifi ed by the hope 
that technological advances will enable su�  cient savings in other sectors to 
reduce global carbon emissions.

 Carbon emissions reduction estimates must be fact-based, and fully account for 
all emissions of the technology, and for demand-inducing rebound e� ects.

 Coordinated, clear, and enforceable governmental actions must be taken to 
both incentivize and compel carbon emissions and energy demand reductions if 
necessarily aggressive climate goals are to be met.

KEY CONCLUSIONS

Even with continuous
effi ciency improvements in

the ICT sector, its emissions
will not decrease by default.

The ICT sector will not achieve 
signifi cant emissions reductions 

without coordinated, clear,
and enforceable governmental 

policies and law specifying
the sector’s responsibilities.
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ADDITIONAL INFORMATION

With 100,000 members in 190 countries, the non-profit Association for Computing Machinery is the world’s largest and 
longest established organization of professionals involved in all aspects of computing. The Association’s global policy 
agenda concerning computing and information technology is guided by the ACM Technology Policy Council.

Under the Council’s auspices, Technology Policy Committees in the United States and Europe provide cutting edge, 
apolitical, non-lobbying information about computing and its social impacts to policy makers at all levels of government 
in many forms. These include public presentations, private briefings, public testimony, formal consultation and 
rulemaking comments, as well as detailed reports and analyses. 

To tap the deep expertise of ACM’s global membership, please contact ACM’s Global Policy Office at acmpo@acm.org or 
+1 202.580.6555.
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