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Energy Consumption of ICT 

 

This POSTnote gives an overview of the energy 
use of Information and Communication 
Technology (ICT), including data centres, 
communication networks and user devices. It 
looks at forecasts for future ICT energy use, 
and how these may be impacted by trends in 
energy efficiency and emerging applications of 
ICT. It discusses monitoring and regulation of 
ICT energy use and associated challenges.  

 

Overview 

◼ The ICT sector used an estimated 4-6% of 

all electricity generated globally in 2020. 

◼ Over the past decade energy efficiency 

across the ICT sector has improved, but 

demand for ICT has increased. This has 

resulted in overall energy use remaining 

mostly flat according to some estimates.  

◼ Experts predict that ICT energy use is likely 

to increase to 2030. However, there is 

significant uncertainty in forecasts, which 

depend on trends in energy efficiency and 

applications of ICT such as crypto-mining.  

◼ Some stakeholders say that more reporting 

and regulation of energy use is required to 

ensure the sector achieves climate targets. 

 

Background 
Using digital innovation to reach net zero is one of 10 ‘Tech 

Priorities’ identified by the Department for Digital, Culture, 

Media & Sport.1,2  Although digital technologies can reduce and 

optimise energy use across sectors (including the energy 

sector, POSTnote 655),3  ICT infrastructure and devices 

themselves use a considerable amount of energy (mostly 

electricity). Data centres, communication networks and user 

devices accounted for an estimated 4-6% of global electricity 

use in 2020 (5-8% including televisions).4–6  While predictions 

vary significantly, experts generally forecast that global ICT 

energy use is likely to increase over the next 5-10 years.5–8 

Energy is used in the ICT sector to power user devices (such as 

laptops and smartphones), and the underpinning infrastructure, 

including communication networks and data centres. Estimates 

suggest that user devices consume more energy than networks 

and data centres combined,4,5,8,9 with one study attributing 

60% of use-phase electricity consumption of the ICT sector to 

devices (excluding TVs).6 In the last decade there has been a 

significant increase in internet traffic and in the amount of data 

processed and stored in data centres.10–12 Energy efficiency of 

ICT equipment has also increased rapidly, due to developments 

in computer devices and trends such as cloud computing 

(POSTnote 629).5,7,10,13–15 Some experts say that efficiency 

improvements have enabled ICT energy use to remain relatively 

flat in recent years.10,14 Others have suggested that efficiency 

improvements can increase demand for ICT and that efficiency 

improvements alone will not lead to a fall in energy use.16,8,17,18  

Because the ICT sector is highly electrified, the carbon footprint 

associated with ICT energy use depends strongly on the global 

electricity mix. Some estimates suggest that ICT (including TVs) 

constitutes 2-3% of greenhouse gas (GHG) emissions globally 

(1.0-1.7 GtCO2e).4,8,9 The ICT sector is increasingly powered by 

renewable electricity sources.10,19 Experts have said that more 

work is needed to decarbonise the electrical grid and ICT 

supply chains to ensure the sector reaches climate targets.6,8,10  

This POSTnote summarises estimates of the energy used across 

the ICT sector and trends that may affect it. It discusses 

developments in energy efficiency and issues related to energy 

reporting and standards.  

Energy use in the ICT sector 
Research on energy use 

There is limited evidence on the energy use of ICT, and a 

significant degree of uncertainty in existing estimates. There 

have been no academic studies that estimate energy use of the 

ICT sector in the UK.20 Some studies look at individual aspects 

of ICT, regionally or globally, for example data centres or 

communication networks.10,14,21–25 A few studies estimate global 

energy use of the whole ICT sector.4,5,9 The methods and data 

sources used by studies varies, and differences in key 

assumptions and approaches can result in significant 

differences in the results. Additionally, the rapid pace of 

development in the ICT sector can mean estimates quickly 

become unrepresentative.8,14  
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This POSTnote focuses on direct operational energy, which 

refers to the energy consumed by equipment while in use. 

Embodied energy (Box 1) also contributes to ICT’s energy use. 

The overall effect of ICT on energy consumption is complicated 

by its indirect effects on other sectors, both energy savings as 

well as induced and rebound effects that increase energy use. 

For example, smart sensors are projected to enable significant 

energy efficiency savings in the energy sector (POSTnote 655).3 

Experts suggest that technologies should be evaluated for their 

net energy impacts across sectors as well as their direct energy 

use.26–29 

Box 1: Operational and embodied energy use 
Energy use is divided into two categories: 
◼ Operational energy refers to the energy consumed while 

a device or piece of network infrastructure is in use. 
◼ Embodied energy refers to the non-operational energy 

consumption such as the energy required for equipment 
manufacture, assembly, and disposal.  

Operational energy is typically stated in terms of electricity 
use (TWh), whereas the embodied contribution tends to be 
reported in terms of carbon emissions (MtCO2e). Embodied 
emissions are estimated to make up around 20%-30% of the 
ICT sector’s total carbon emissions.8 For user devices, the 
embodied emissions account for a larger proportion of 
overall carbon, estimated at around 50%.8 This is partly due 
to the comparatively short lifetimes of user hardware.30,31 

 

Data centre energy use 

Data centres house servers and other ICT equipment. They 

store and process data, enabling services across the private and 

public sectors. Data centre energy use is determined by the 

energy needed for the ICT equipment and for the building in 

which the equipment is housed, which is typically dominated by 

cooling.32,33 Generally, larger data centres operate more 

efficiently than smaller ones, in part because servers can use 

the same purpose-built cooling systems.32,34 Very large 

‘hyperscale’ data centres (containing over 5000 servers) can 

achieve very high efficiencies.14,35 Data centre services are 

increasingly distributed via the cloud (POSTnote 629) which 

allows workloads to be better shared between servers and 

thereby reduce idle time of ICT equipment (Box 2).15,10,32,36 

The International Energy Agency (IEA) report that global data 

centre energy use in 2020 was 200-250 TWh (equivalent to 

about 1% of global electricity demand), excluding crypto- 

mining.10 A study by Swedish telecoms companies Ericsson and 

Telia forecast the carbon footprint of data centres to be 127 

MtCO2e in 2020 (corresponding to about 212 TWh).4,8,37 A few 

studies have estimated higher global energy use, with one 

estimating 400 TWh in 2018.21 In 2020, trade association 

techUK reported that UK co-location data centres (sites serving 

many customers, hosted by a third party) consumed 0.8% of 

total UK electricity use.38 Forecasts for future energy use are 

very uncertain due to the number of possible factors that could 

influence trends, but one estimate by the International 

Telecommunication Union (ITU) forecast that global data centre 

energy use would increase from about 230 TWh in 2020 to 

about 270 TWh in 2030.6   

Box 2: Fixed and variable energy use 
Some ICT equipment consumes energy when on, even if it is 
not being used. For example, home networking equipment 
such as modems and routers are continually powered even 
when no data transfer activities are taking place.4,9,39 The 
proportion of energy use that is independent of data 
traffic/processing is known as the ‘fixed’ component (as 
opposed to the ‘variable’ component). Fixed energy use can 
be a significant fraction of overall operational energy, 
particularly for network operations.9,22 

 

Communication networks energy use 

Communication networks transfer data between homes and 

businesses and the internet, and for telephone, radio and TV 

services. Data are transferred via wired networks and mobile 

networks.40 Wired networks tend to use less energy than 

mobile networks to transmit the same amount of data.10 The 

operational energy used by networks is mostly fixed energy 

(Box 2).9,22 Networks are built to allow for peak data traffic, 

which commonly is much higher than typical traffic, therefore 

much of the equipment is idle for most of the day.9,22,41,42 

The global energy use of communication networks has been 

reported to be around 260-340 TWh in 202010 (around 1-1.5% 

of global electricity demand).43 The study by Ericsson and Telia 

forecast the carbon footprint of networks to be 168 MtCO2e in 

2020 (corresponding to about 280 TWh).4,8,37 BT reported that 

its UK electricity use in 2021 was 2.3 TWh (around 0.8% of UK 

electricity demand).25 The ITU study projected that networks’ 

electricity use (wired and mobile) will remain relatively stable, 

from about 260 TWh in 2020 to about 270 TWh to 2030.6 

User devices energy use 

User devices refer to consumer electronics used in homes and 

businesses (such as laptops, smartphones and wearables). 

Studies differ in whether they include TVs in the ICT sector, 

resulting in differences in figures for energy use of devices.4,8 

Devices consume energy in their processors, storage drives, 

power supply units and displays. Energy use varies between 

devices, but smaller devices tend to use less energy.4 Screen 

technology for TVs and monitors has improved in recent years, 

enabling significant energy savings.44 User devices make up the 

largest proportion of energy use in the ICT sector when 

compared to data centres and communication networks.4,5,45 

ITU projected the global operational electricity use of devices 

(excluding TVs) to increase from 335 TWh in 2020 (equivalent 

to about 1.2% of global electricity use)43 to 450 TWh in 2030.6  

Improvements in energy efficiency of ICT 
Energy efficiency and energy use 

Energy use of ICT is difficult to predict, due to the uncertain 

impact of emerging trends (Box 3) and the rapid evolution of 

energy efficiency of ICT. Industry-led R&D efforts have 

improved the efficiency of devices and ICT infrastructure 

significantly over recent decades.46,47 Efforts are motivated both 

by consumer expectations for size and battery life of devices 

and industry stakeholders’ aims to reduce their energy costs.  

Some stakeholders note that improvements in energy efficiency 

have kept the ICT sector’s energy use from increasing 

significantly over the past decade despite increased 
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demand.10,14 However, other experts say that efficiency gains 

are a driver for the increased demand for ICT services, due to 

associated improvements in the capability of technology and 

reductions in cost.8,48,49 They have expressed concerns that 

efforts to improve energy efficiency alone may not be sufficient 

to reduce overall energy use of the ICT sector.8  

This section discusses technical strategies to improve the 

energy efficiency of ICT. Non-technical approaches such as 

regulations are discussed in the following section. 

Improvements in electronic performance 

Improvements in the energy efficiency of ICT equipment have 

mainly been enabled through increases in the number of 

transistors that can fit onto a silicon computer chip.50 This trend 

cannot continue indefinitely because the distances between 

transistors will reach physical limits.50 Some experts argue that 

the trend has already been slowing down.51–54 Novel materials 

and architectures (such as quantum computing, POSTnote 

552)55 may enable efficiency improvements to continue, but 

many are not expected to be ready for use until 2030 or later.56 

Specialised silicon computer chips have been developed for 

particular applications, such as for videogames and 

cryptocurrencies.57,58 Research suggests that energy can be 

used more efficiently when software designers develop 

applications to best use the computer hardware that they will 

run on.59 These ideas are being developed as part of growing 

industry interest in sustainable software design.60–64 

Data centre heat management 

A significant operational energy requirement of data centres is 

for cooling.65 This is typically achieved via air conditioning.33,65  

Consolidating smaller data centres into larger ones leads to 

lower overall energy use, as servers can use the same purpose-

built cooling systems.14 Some experts have highlighted that 

there is scope for individual small data centres to improve their 

cooling infrastructure.66,67 Large data centres can sometimes be 

located in cooler climates to reduce energy needed for 

cooling.68 Cooling efficiency can also be improved by using 

machine learning,69 and liquid-submerged servers.70,71 

Waste heat generated by data centres can be captured and 

used to heat buildings. For example, in Sweden, heat from data 

centres is directed into a district heat network (POSTnote 

632).72–74 Heat-reuse systems must be considered at the build 

stage of a data centre, as retrofitting can cause service 

disruptions.71 techUK has said that barriers to reusing data 

centre heat include the heat’s low quality (i.e. its relatively low  

temperature) and that the Government’s Industrial Heat Reuse 

Support policy is not well suited to data centres.71 

Modernisation of communication networks  

Technology upgrades can offer improved energy efficiency in 

the communication network. Currently, UK wired access 

networks (POSTbrief 24) mostly use copper or a mix of fibre-

optic and copper cables.75 Fibre-optic networks are more 

energy efficient than copper, as they allow for a greater 

amount of data to be transmitted per unit of energy used.76–79 

The UK Government has set a target of full-fibre broadband in 

25 million homes by 2026 (CBP 8392).40,41 

Box 3. Impacts of emerging trends 
Several emerging trends are thought to have the potential to 
impact the energy use of ICT. Examples include: 
◼ Blockchain: blockchain technology (POSTbrief 28) 

enables the transaction of digital assets such as 
cryptocurrencies and non-fungible tokens.80 One estimate 
found that Bitcoin used around 110 TWh of electricity in 
2021, equivalent to roughly half the estimated energy 
used by all (non-crypto) data centres globally.81,10 The 
dominant mechanism for recording transactions (via 
crypto-mining) is energy-intensive (POSTbrief 28).80,82–85 
Less energy-intensive mechanisms have been developed 
but have not been widely implemented.84,86,87 

◼ The Internet-of-Things (IoT): One estimate suggests 
that the number of IoT devices (POSTnote 593),88 will 
increase almost 3-fold from 2020 to 2025.89 Some groups 
suggest that the application of IoT will result in overall 
energy savings, whereas others have noted IoT’s 
significant embodied energy requirements.90–92 

◼ Machine Learning (ML): the use of ML (POSTnote 
633)93 is expected to increase across sectors.94 Energy is 
needed for ML development and in its application.95–97 The 
increasing size of the models has led to calls for 
developers to document and reduce their energy use.95,29 

 

The effect of 5G mobile networks (POSTbrief 32)98 on the 

energy use of communication networks is contested. Some 

studies suggest that 5G networks have a better operational 

efficiency than older networks like 3G and 4G.99–102 However, 

some of the higher frequency radio waves likely to be used in 

future 5G networks will require more densely positioned masts 

and hence more active network equipment overall.103 5G is 

generally expected to lead to an initial increase in overall 

energy use of networks.99,104 However, there are few studies in 

this area, and the full range of indirect effects of 5G are 

uncertain.101,102 Shutting down old networks is expected to 

improve overall energy efficiency of mobile networks.10 The UK 

Government plans to decommission 2G and 3G by 2033.105,106   

Power management techniques 

Many devices do not need to be powered continuously and 

energy savings can be made by using low-power modes or 

turning the device off. User devices have already seen 

significant progress in this area, with energy saving techniques 

now built into laptops and PCs.51,107 The high fixed energy 

component of communication networks (Box 2) has motivated 

improvements in power management for network devices. For 

example, 5G networks are being designed to limit the number 

of signals transmitted during low data traffic periods, allowing 

parts of the networks to be switched off.108,109 

Edge computing 

Edge computing (POSTnote 631)110 involves the use of 

computing resources (including data storage and processing) 

located close to the devices which require them. This reduces 

the amount of data that needs transferring over the internet.111 

However, performing tasks in edge computers that would 

otherwise be performed in hyperscale data centres may have 

associated reductions in energy efficiency, as the advantages of 

consolidation are lost.112 There is not currently a consensus on 

how edge computing will affect overall energy use of ICT.112–115 
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Regulation, standards and monitoring  
Data collection and reporting 

Many stakeholders highlight the lack of good quality, reliable 

data on the energy use of ICT.7,10,14,26,116  There is no 

requirement for companies in the UK to report specifically on 

their ICT energy use or emissions. However, this may be 

captured as part of broader reporting mechanisms: 

◼ Energy Savings Opportunity Scheme (ESOS) – large 

companies must evaluate their total energy consumption 

every four years and confirm compliance to the Environment 

Agency (but not report the figures).117   

◼ Streamlined Energy and Carbon Reporting (SECR) – large 

companies must report their electricity use and GHG 

emissions in annual reporting to Companies House. 

Established in 2019, reporting in 2020 has been delayed by 

the pandemic. Few companies have filed reports so far.118   

These policies do not apply to the public sector or small and 

medium sized enterprises (SMEs), but voluntary contributions 

are encouraged.118 Under the Greening Government 

Commitments framework, Government departments are 

required to report annually on emissions specifically relating to 

ICT use.119,120 techUK has suggested that excluding SMEs and 

the broader public sector from energy use reporting 

requirements creates an unbalanced view of data centre energy 

use, particularly as some evidence has shown that the energy 

efficiency of public sector data centres is substantially worse 

than average.36,71,121   

Energy use of small data centres can be difficult to track and 

disaggregate from the rest of the company’s energy use.116 

Some hyperscale and larger co-location data centre operators 

consider ICT energy use figures to be sensitive proprietary 

information, although most do publicly disclose energy use and 

emissions for the company overall.14,122–128 Some experts have 

suggested that an independent organisation could be set up to 

collect and publish average figures from across the sector.14  

It can be particularly difficult to attribute energy use for digital 

services (such as media streaming), as they use many parts of 

the ICT network.129,9,130 Some providers have partnered with 

academics to estimate their energy use and emissions.39,131,132   

Decarbonisation of energy 

ICT companies are a major buyer of renewable energy, typically 

through Power Purchase Agreements.71,133 ICT operational 

emissions, including those from user devices, could be reduced 

further by decarbonising the electrical grid. The UK Government 

plans to decarbonise the electrical grid by 2035.1,134 The ITU 

has projected that, assuming the electrical grid decarbonises at 

a sufficient rate, emissions from ICT could reduce by 50% from 

2020 to 2030.6 However, the ITU report notes that the rate of 

decarbonisation assumed is very challenging.6 Some UK-based 

experts say that current ICT climate targets are not sufficient to 

keep ICT emissions in line with the Paris Agreement.8  

Regulation, standards and industry initiatives 

Various UK and international regulations and standards apply to 

the ICT sector or segments of it (Box 4). Although standards 

are voluntary, reported compliance is high.135 However, some 

experts suggest that voluntary initiatives are insufficient and 

new compliance mechanisms are required to enforce them.8,116 

In the UK, companies can sign up to the Climate Change 

Agreement (CCA) with the Environment Agency.136 For data 

centres, the CCA gives a discount on the Climate Change Levy 

conditional on certain energy efficiency targets being met.137,138 

In the last reporting period, of the 129 data centre sites signed 

up to the scheme, 29% failed to meet the targets set, and were 

required to pay a non-compliance fee.139  

Many ICT companies have committed to significant reductions 

in emissions.140 Standards for target setting are defined through 

the Science Based Targets initiative and Greenhouse Gas 

Protocol.141,142 Some companies have faced criticism for their 

net-zero plans not being sufficiently detailed or failing to 

account for energy used in the supply chain and downstream 

use of a company’s products.143,144,129 Stakeholders have noted 

the need for transparency in progress towards targets.8,26  

Box 4: Regulations and standards for ICT  
ICT energy efficiency and sustainability is primarily governed 
by industry standards. There is also some UK legislation. 

UK legislation 
All ICT hardware is subject to the 2021 Ecodesign for 
Energy-Related Products and Energy Information 
Regulations.145 These outline minimum energy performance 
standards for products on the UK market (CBP 9302).146    

Industry standards for ICT 
◼ Data centre standards: Standards are set by European 

(CENELEC/CEN/ETSI) and international (ISO/IEC) 
standardisation committees.116 BS-EN50600 is a standards 
series that includes requirements for data centre energy 
management and sustainability.147,148 The EU Code of 
Conduct (EUCOC) for Data Centres also provides 
guidelines for energy efficiency.68,116 Work is ongoing to 
develop certifications of compliance with standards.149  

◼ Communication network standards: Standards are 
set by the European Telecommunications Standards 
Institute (ETSI) and the ITU.150,151 These cover different 
aspects of telecoms infrastructure, such as the EN50173 
for cabling.152 There is also a EUCOC that sets maximum 
electricity use for broadband equipment.153,154 

◼ Device standards: The Energy Star labelling informs 
consumers of the energy efficiency of devices.155 

◼ Cross-sector standards: An ITU standard released in 
2020 sets climate targets for the ICT sector and outlines 
trajectories towards net zero by 2050.6 

 

Consumer behaviour 

Some stakeholders note that greater understanding of the 

energy and environmental impacts of ICT could lead to changes 

in user behaviour.26,156 The Energy Savings Trust suggests that 

consumer electronics make up about 6% of household energy 

bills and provides advice on how individuals can reduce their 

energy use of ICT, for example by using laptops instead of 

desktops.157,158 Groups have suggested that some other 

recommendations to individuals discussed in the media, such as 

sending fewer emails, make relatively little difference to overall 

ICT energy use.129,132,159,160 They note that ICT corporations 

have a responsibility for designing their products and services 

to be more energy efficient, so that the combined energy use 

by all consumers is reduced.161,162 
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