
Electricity Consumption by ICT: Facts, trends, and measurements 
This paper considers key issues surrounding energy consumption by information and communication 
technologies (ICT), which has been steadily growing and is now attaining approximately 10% of the 
worldwide electricity consumption with a significant impact on greenhouse gas emissions. The 
perimeter of ICT systems is discussed, and the role of the subsystems that compose ICT is considered. 
Data from recent years is used to understand how each of these sub-systems contribute to ICT’s 
energy consumption. The quantitatively demonstrated positive correlation between the penetration 
of ICT in the world’s different economies and the same economies’ contributions to undesirable 
greenhouse gas emissions is also discussed. We also examine how emerging technologies such as 5G, 
edge computing, and cryptocurrencies are contributing to the worldwide increase in electricity 
consumption by ICT, despite the increases in ICT efficiency, in terms of energy consumed per bit 
processed, stored, or transmitted. The measurement of specific ICT systems’ electricity consumption 
is also addressed, and the manner in which this consumption can be minimized in a specific edge 
computing context is discussed. 
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Energy consumption by ICT and its CO2 impact are controversial subjects where experts of different 
organizations and tendencies may express diverse and sometimes divergent views [1–11]. One  
reason for some of these controversies is the lack of precise definitions regarding the perimeter that 
defines "ICT systems," for instance should home entertainment, the technologies that are now part 
of the entertainment industries, or the financial fintech industry, fully enter into the picture. The 
relative lack of systematic measurement data about the energy consumption of digital devices and 
systems is yet another source of uncertainty and controversy. 
 
Figure 1 is a simplified description of the broad perimeter of ICT systems, describing the type of 
hardware and systems that are deployed, while end users typically see only their own devices 
(hardware) and the numerous applications (software) that they use. Yet ICT's energy consumption, 
and the resulting CO2 generated, are a consequence of the hardware that is used and the 
manufacture of that same hardware. Indeed, ICT manufacturing consumes a major amount of 
electricity, and also results in the consumption of other forms of energy for the extraction of 
minerals needed to manufacture ICT components and systems. 
 



 
 
Figure 1. Simplified and schematic representation of ICT systems worldwide, describing the types 
of subsystems that are currently deployed. 
 
 
The radio access network (RAN)  transitioned over many decades through various generations of 
hardware and standards (1G, 2G, 3G, 4G, LTE), and is now moving toward 5G; in the future it may 
become 6G. The RAN uses wireless to connect to mobile phones and other devices such as body 
sensors, as well as parts of the Internet of Things (IoT) including road traffic monitoring, smart 
homes, the smart grid, smart cars, some of the industrial IoT or "Industrie 4.0", and other 
applications. It is connected by wire, optical fiber, and wireless (including terrestrial and  space-based 
wireless), through the mobile operators' backhaul networks, to the mobile core network which is 
mainly fiber and wire, with routers and switches that connect to edge systems, data centers, and the 
cloud. The RAN also uses fog and edge devices in close physical proximity to wireless base stations of 
the RAN, that offer access with low latency to data and other end users for interactive or data and 
video intensive games, entertainment, or the IoT, and then connects to the internet composed of 
routers, switches with mostly fiber connectivity.  
 
The internet interconnects powerful data centers, billions of homes with entertainment boxes, Wi-Fi 
routers, businesses, buildings with high speed wired or fiber local area networks (LAN), as well as the 
IoT for control applications, e.g. industrial, heating and cooling, home and building security, vehicle 
charging stations, publicly available bicycles, electric vehicles and their charging stations, and public 
transport. 
  
 
The Challenge of Measuring ICT's Electricity Consumption and CO2 Impact 
Although it may be technically possible to measure the electricity consumed by ICT globally, this may 
well be practically infeasible [8,9,10],since  it would require that industry and business measure their 
energy consumption:  
• to manufacture, sell or deliver ICT hardware, 
• to produce software,  
• and when they operate ICT systems.  
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Monitoring of energy consumption for the operation and cooling of ICT equipment is often carried 
out by data center and communication network operators, though it is obviously hard to do for many 
billions of devices that are manufactured and used.  It would also require the means to store, 
analyze, and disseminate this data over long periods of time which in itself would use much storage, 
transmission, and processing capacity, and cause additional energy consumption. 
 
As an example of a specific particular device, the measured power and energy consumption 
characteristics of a widely used Intel NUC processor for edge systems [12] is shown in Figure 2.  

 
Figure 2.  The curve on the left shows the power consumption of a NUC, used as a packet router, 
versus its overall throughput in Mb/sec, the curve on the right shows its energy consumption per 
Mb as a function of the throughput (from the author's paper [12]). 
 
It is also difficult to estimate the fraction of electricity consumed to secure ICT devices and services, 
and to defend them from cyberattacks. One effect of cyberattacks that is actually desired by 
attackers, is to increase the operating costs of the "victim,"  and one way of achieving this is to 
increase the electricity consumed in computer systems networks when they are attacked. This is 
caused by the added traffic, plus the electricity consumed within systems whose workload and 
processing may also increase during an attack or even during normal operation, in order to deter, 
counter or mitigate attacks [13].   
 
 
Worldwide Estimate of Electricity Consumption by ICT and its CO2 Impact 
Turning now to overall electricity consumption figures for ICT, for the International Energy Agency 
(IEA) provided the following estimates for the year 2019, shown in Table 2, which were updated for 
2023 [3]. 



Table 1.  Summary of the International Energy Agency's estimates for the year 2019 of the 
electricity consumption (in terawatt-hours) worldwide by different sectors of ICT, namely data 
centers, networks including the radio access network and end users, and the manufacturing of ICT 
equipment, which represents roughly 50% of the total amount.  
 
Since 2020 and 2021 were "untypical" years due to Covid, it would be best to let the year 2022 go by, 
and then examine the figures for 2022 to see whether the growth both of electricity consumption 
and of CO2 impact of ICT has been recently increasing at the same 2–3% annual irate as in the past 
decade. 
 
Indeed, ICT has substantially increased its overall share of, going from 4–5% a decade ago, to 
currently 8–10% of total electricity production. The overall share of carbon emissions reported varies 
between close to 2% and up to 4%, comparable but probably higher to the CO2 impact of air travel as 
a whole [2,3]. This growth is illustrated in a report by Ericsson [24] that covers ICT network 
operations in 2010 and 2015, which is summarized in Figure 3.  

Worldwide ICT Electricity Consumption
8 TO 9% OF TOTAL 

Figures From 2019     ~8.5%     

WORLDWIDE ELECTRICITY Consumption ~23500 TWH

DATA CENTRES ~  200 TWH      
NETWORKS: INTERNET & RAN ~  250 TWH
END USERS ~  550 TWH
MANUFACTURING OF ICT ~1000 TWH
ICT Electricity Consumption ~ 2000 TWH



 
Figure 3. The growth of electricity consumption in ICT network operations between 2010 and 2015, 
contained in a report by the Ericsson company [24].  
 
 
Certain ICT industry sectors privilege the purchase of energy from renewable sources to improve 
their CO2 emissions. Although this encourages electric power companies to increase their renewable 
energy supplies, it can also encourage the production or transfer of non-renewable energy sources to 
other sectors of the economy (or to neighboring countries). An example is the case of Canada, which 
produces nearly 60% of its electricity from renewable sources (such as hydroelectricity), and uses 
some of it to extract the shale gas and oil that it exports. Of course, carbon emissions per KWh of 
electricity vary widely from one country to another based on the primary sources of energy that are 
used;  countries such as Belgium and France, which generate most of their electricity via nuclear 
plants, have a very low average CO2  emission well under 100g per KWh of electricity.  Another 
environmental concern regarding ICT that is seldom mentioned, is that digital chips currently use 
nearly two-thirds of the elements of the periodic table, many of which require substantial energy 
expenditure for their extraction. Additionally, the materials used within ICT systems can be 
significant polluters when ICT equipment is being decommissioned. 
 
As a rough estimate, if we assume 10% of any ICT equipment is routinely consumed for cybersecurity 
and 20% of ICT system operations relate to dealing with access control and cryptography, virtual 
private networks, system patches, security updates and upgrades, and blockchain—which may be 
increasingly used for applications that require certification—plus dealing with attacks themselves, we 
then arrive at an energy cost of 300 TWh annually devoted to cybersecurity. At an average of 
approximately 485g of CO2 per KWh of electricity that is produced worldwide (this is a recent figure 
from the IEA), it results in a rough estimate of 145.5 million metric tons of CO2. However, if we 
consider most operations used for online banking and payments are related to authentication and 
security, it is likely we would reach significantly higher estimates of the amount of electricity that is 
actually used for securing our ICT systems.   
 
 
Can High ICT Penetration Reduce Carbon Emissions 
Obviously, experts from the computer industry will praise the ever-increasing efficiency of digital 
equipment, although this is typically done in terms of energy consumption per volume of data that is 
processed, stored, or transmitted. However, experts who are most concerned with climate change 
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and emissions, tend to stress ICT's constant increase in energy consumption by ICT, and the presence 
of rare and polluting materials that are used to manufacture semiconductors and digital systems.  
 
While ICT is often presented as a means or energy savings and reduction of CO2 emissions in various 
areas, there appears to be little overall evidence to this effect, since current data suggests those 
countries that have some of the world's highest CO2 emissions are often the ones with the highest 
penetration of ICT as a share of their economies. This effect has been studied by some authors [15], 
and is shown in Table 2; the "Bech Index" or share of business-to-business economic activity in ICT 
taken per country seems to be highest in many countries where energy consumption and overall CO2 
impact is high. This should not be surprising, since recent economic development has gone hand in 
hand with high energy consumption as well as a high degree of automation in all sectors of activity. 
 

 
Table 2. Top ICT based economies (left) , based on the share of ICT in their GDP, and the list of 
countries and regional groups with highest CO2 emissions worldwide [15]. 
 
 
Some countries that have moved away from manufacturing toward tertiary and service-based 
activities, appear to have maintained a relatively stable or slightly decreased consumption of 
electricity and primary energy, while they have also experienced a significant  increase in "imported 
CO2" due to transport and manufacturing of their imported goods from abroad. While internet-
based work from home and home schooling during the Covid-19 pandemic have reduced the energy 
consumed for transportation and for running large buildings and campuses, home-based activities 
may have also increased the energy consumption for heating, cooking, or cooling at home. The 
analysis of ICT usage, energy consumption and overall CO2 impact during Covid-19 could enlighten 
some of these aspects.  
 
However, as a whole, and on a country-by-country and worldwide aggregate basis,  there is no hard 
evidence to date that would suggest the increased penetration of ICT has actually reduced overall 
energy or electricity consumption and CO2 impact. On the other hand, we see some studies 
regarding China are investigating the links between economic development, ICT penetration in the 
economy, and carbon emissions [16]. Since China is a large country with significant regional 
differences, such studies can provide insight into this important matter, provided they include the 

Top ICT Economies (Bech Index) and Top CO2 Polluters
2017 2018 2019 2020 2021 Share 

2021
Country

2 1 1 1 1 19.22% China
1 2 2 2 2 16.36% USA
3 3 3 3 3 8.02% India
4 4 4 4 4 4.05% Japan
5 5 5 5 5 3.16% Germany

6 6 6 6 6 2.96% Russia
7 7 7 7 7 2.48% Brazil
10 10 10 9 8 2.43% Indonesia
8 8 8 8 9 2.38% UK
9 9 9 10 10 2.28% France
12 11 11 11 11 1.77% Mexico
11 12 12 12 12 1.74% Italy
14 14 14 13 13 1.61% South 

Korea
13 13 13 14 14 1.60% Turkey
15 15 15 15 15 1.38% Spain
16 16 16 16 16 1.36% Canada
17 17 17 17 17 1.25% Saudi 

Arabia
19 19 18 18 18 0.99% Australia
18 18 19 19 19 0.94% Iran
23 22 22 20 20 0.93% Egypt
20 20 20 21 21 0.93% Taiwan
21 21 21 22 22 0.89% Thailand
22 23 23 23 23 0.86% Poland
24 24 25 24 24 0.76% Nigeria
25 25 N/A 25 25 0.75% Pakistan



effect of "imported carbon emissions", resulting from goods consumed or used locally, but 
manufactured elsewhere and imported from other cities or regions. 
 
The Effect of Evolving Technologies 
ICT research and industry have constantly, since their origins in the 1940s, pursued and achieved 
higher levels of performance, greater processing speeds, and faster data transmission rates. These 
advances have been accompanied by a constant increase in the penetration of ICT into all sectors of 
society and the economy, and offered great gains in research, healthcare, audio and visual fidelity in 
entertainment, the expansion of e-commerce and the e-economy, and other sectors. However, this 
has also come with a steady increase in energy consumption and CO2 impact related to ICT. 
 
In the current context in 2023, we are transitioning through two such technological evolutions, 
toward full deployment of 5G regarding mobile networks, and toward the greater use of fog and 
edge computing to complement the cloud and data centers that support mobile networks. These 
transitions are good examples about the manner in which ICT energy consumption also evolves. 
 
GSMA, the organization that represents mobile operators and the telecommunication industry 
worldwide, has estimated  that currently 20–40% of the operating cost of network operators is taken 
up by electricity, and that 5G can cause a substantial (as much as  four to five fold) increase of energy 
consumption in the RAN, but that the technical means to reduce this consumption may be included 
in later generation mobile networks [4]. Together with the RAN, fog and edge devices that offer low 
latency access to data for mobile applications—such as the IoT, online games, or smart vehicles by 
bringing large files to the physical proximity of mobile base stations of the RAN—cannot replace the 
need for permanent data storage in the cloud, but may reduce the need for large data centers.  
 
Recently, ICT electricity consumption has also increased through the use of cryptocurrencies (both 
"mining" and sales), and "blockchain technology" and distributed ledgers for securing contractual 
agreements, which require a large number of concurrent distributed transactions, have consumed  
[5,17] some 120 TWh of electricity per year, exceeding  the electricity consumption of the 
Netherlands. Yet another usage of computing that can consume significant electricity is machine 
learning, which may also be used to optimize certain other processes and reduce energy 
consumption in other areas [18].  
 
A way forward to reduce energy consumption by ICT has been suggested by research in the recent 
European Union H2020 projects SerIoT and IoTAC [12,19], where reinforcement learning was shown 
to reduce energy consumption in an edge system at the cost of increasing average system response 
time to jobs by a few percent, with a significant reduction of power consumption in edge systems of 
the order of 10–15% , as shown in Figure 4. 
 
Energy consumed for the manufacturing of ICT equipment may be reduced and optimized by 
improving and upgrading ICT systems to gradually improve system performance without changing all 
the equipment, by recycling existing equipment for other uses, and optimizing the instants when a 
system is replaced so as to maximize performance while minimizing major energy consumption costs 
linked to equipment manufacturing and delivery.    
 



 
 
Figure 4. The two graphs  taken from recent work [12], show the effect of using a reinforcement 
learning based policy to manage the allocation of tasks to servers of an edge platform, so as to 
minimizes a cost function that combines QoS and energy consumption, rather than just focusing on 
optimizing QoS. The graph on the left shows smart policy increases response time by 2 to 3% while 
the graph on the right shows power consumption is also reduced by at least 10% and sometimes 
more than 15%, when system throughput exceeds 15% of its maximum value.  
 
Conclusions 
 
While new technologies, such as quantum computing, may someday affect the continued  increase of 
the amount of electricity consumed by ICT, and the offsets that it can create in greenhouse gas 
emissions in other areas and industries,  ICT today is still reliant on the silicon-based semiconductor 
industry and conventional digital systems. We observe that the increased use of new booming 
technologies such as blockchain and AI [17,18], as well as the deployment of 5G networks, are fueling 
the continued increase in energy consumption by ICT, while corporate data centers and networks are 
increasing their use of renewable energy sources.       
 
Thus this paper has focused on the electricity consumption of ICT, with the understanding that its 
own direct impact on greenhouse gas emissions will depend significantly on the sustainability of 
electricity production itself. On the other hand, we have stressed the importance of limiting and 
optimally reducing the growth of electricity consumption by ICT by managing our ICT systems 
judiciously, reusing or improving existing systems, and replacing them in a manner that also 
considers the resulting overall energy consumption, together with the quest for better performance 
in communications and computing. Broader considerations regarding many aspects of industry, 
agriculture, and energy, including ICT, are addressed in a report from the Council of Academies of 
Engineering and Technological Sciences [20].  
 
Much work remains to be done in this broad field, and one thing that is certain is that we need to 
understand and optimize the multiple links between computer science, ICT, and energy, so as to be 
better armed to face the challenges of climate change. Thus, a way forward that may be addressed 
by computer scientists is to develop methods that analyze the interaction between energy 



consumption, computation, and communication, such as the “energy packet network paradigm” [21, 
22, 23]. 
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