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Climate Change and Development

The Climate Change and Development Series was created in 2015 to showcase eco-
nomic and scientific research that explores the interactions between climate change,
climate policies, and development. The series aims to promote debate and broaden
understanding of current and emerging questions about the climate-development
nexus through evidence-based analysis.
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Main Messages

Climate change is unfolding amid a digital revolution. From digital identification to
e-commerce to precision farming, digital technologies have emerged in all facets of
economic and social life. Digital technologies are also increasingly shaping responses
to climate change: early warning systems are alerting populations when storms are
looming, and apps are helping farmers choose drought-resistant seeds. The growing
array of digital tools, however, is beyond the reach of many of the people and countries
who need them most. Nearly 3 billion people remain digitally unconnected, with the
overwhelming majority concentrated in low- and middle-income countries (LMICs).
Investing in inclusive digitalization and climate action is intertwined. Climate-relevant
applications and services are needed, as are universal digital foundations such as con-
nectivity, data infrastructure, and digital skills.

Digital technologies are necessary to accelerate climate action. Digital technolo-
gies, for example, have an important role to play in reducing greenhouse gas (GHG)
emissions in high-emitting sectors, such as energy, transportation, and materials. The
targets of the 2015 Paris Agreement on climate change will not be reached at the pres-
ent level of effort and investment. Accelerating the pace of climate action will depend,
among other things, on technological innovation, much of which will be powered by
digital solutions. LMICs recognize the power of digital technologies for climate action.
Two-thirds of developing countries include technology as part of their climate action
plans (Nationally Determined Contributions) to help adapt to or mitigate the impacts
of climate change.

The digital sector needs to be greener and more resilient. The digital sector itself
is being affected by climate change—and is contributing to GHG emissions. Digital
infrastructure is susceptible to climate hazards. As countries become digitalized,
weather-related digital infrastructure failures can have significant economywide conse-
quences. Climate proofing digital infrastructure is important and can be part of wider
efforts to protect critical infrastructure. Digital infrastructure and technologies are also
part of the climate change problem, as they consume substantial energy. Increasing
energy efficiency and transitioning to renewable energy for connectivity, equipment,
and data processing will be important to ensure that digital emissions dwarf climate
dividends from the digital sector.

Achieving a green digital transformation needs a push from industry and a pull
from government. Globally, multinational digital firms are the biggest consumers of
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Main Messages

renewable energy and are investing in more energy-efficient digital infrastructure. This
push from industry is critical. In parallel, countries can create enabling environments
that incentivize, and pull, the greening of the digital sector, for example, by providing
access to cleaner energy sources and partnering with operators. Some governments
have embarked on this journey, but in many countries digital and climate ambitions are
siloed. There is a need to create a bridge between the digital and green transitions.
Doing this entails mainstreaming climate considerations in digital policies, closing the
digital divide in a sustainable way, and strategically integrating digital technologies in
climate change efforts.



Executive Summary

Governments across the world are looking for solutions that match the urgency and
scale of the climate crisis—digital technologies are a key tool in this effort. Advances
in digital technology are changing the way people interact, work, and live. They are also
creating new ways to manage climate change. At the country level, digital technologies
are increasingly powering adaptation efforts and supporting low carbon development
pathways. A more strategic approach is needed, however, to develop, enable, and scale
solutions and ensure they reach the most climate vulnerable populations.

From drought to floods, climate change is affecting populations across the world.
Although no country is spared, climate change disproportionately affects the poorest
and most vulnerable populations, threatening to push as many as 130 million people
into poverty by 2030 and 200 million into migrating by 2050. Unchecked, climate
change poses huge risks to countries’ long-term development, growth, and stability.

A green and digital twin transition is imperative. Digitalization can help nations
fight climate change by enabling novel solutions and greater efficiency in a wide range
of practices, processes, and services. Digital technologies, however, carry climate
costs as well as benefits stemming from the use of energy and resources to build,
power, and dispose of digital infrastructure, devices, and components. A twin transi-
tion approach seeks to pair digital transformation with climate action. This means
ensuring inclusive and sustainable digital foundations and applications are in place
to accelerate mitigation and adaptation efforts while reaping wider benefits of digital
transformation for growth, job creation, and better lives.

This report proposes a path toward low-emission applications of digital
technologies to help countries mitigate and adapt to climate change, while
simultaneously meeting their digital transformation goals. It examines how to
increase the synergies among socioeconomic development goals, climate change
policies, and digital technologies, offering guidance on how government institutions
and private organizations in the digital field can catalyze green digitalization.
The guidance includes strategies for greening the digital sector! itself, as well as
leveraging digital technologies for climate action across sectors (figure ES.1).
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Executive Summary

FIGURE ES.1 The Green-Digital Nexus

Greening the digital sector Greening with digital technologies

Adaptation Leveraging digital technologies to

Climate proofing digital I .
. . enhance resilience of economies,
infrastructure and services .
populations, and sectors

Mitigation . o dicital technoloa
300 Energy efficiency measures and everaging Igital technologies to
P use of renewabls energy decarbonize other sectors such as
Co, energy, transport, and cities

Source: World Bank.

The Digital-Climate Change Nexus

The links between the digital sector and climate change are less well understood
than those with other sectors. This report proposes a conceptual framework with two
channels—direct and indirect—to illustrate how digitalization interacts with climate
change:

» Direct channel. The production, use, and disposal of digital technology contrib-
ute directly to GHG emissions. Digital infrastructure is also directly exposed
to significant climate change-induced risks, including rising temperatures
and sea levels; water scarcity; and extreme events such as drought, cyclones,
and flooding.

» Indirect channel. As digital technologies become pervasive in social and economic
activities, they also have an indirect impact on climate change at the macroeco-
nomic level and across sectors. At the macro level, digital technologies increase
productivity, thereby increasing total consumption and increasing emissions.
Decoupling economic growth from emissions—that is, ensuring that the growth
rate of GHG emissions is less than that of its economic driving forces—becomes
essential to achieving a sustainable growth trajectory. The fact that both pro-
duction and consumption across sectors are being “dematerialized” thanks to
the rapid development of digital technologies provides opportunities to achieve
decoupling.

Climate action and digital transformation are core policy priorities for
many governments, but most often these efforts are carried out in isolation.
There are, however, modest signs of convergence. Many LMICs are already incor-
porating technology—including digital technology—into their plans to combat
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Executive Summary

and adapt to climate change. Overall, 84 percent of countries mention “technology”
in the mitigation provisions and 63 percent mention it in the adaptation provisions
of their Nationally Determined Contributions (NDCs). NDCs reflect the efforts by
each country to reduce national emissions and adapt to the impacts of climate
change (figure ES.2). Although the role of technology is often mentioned, it is
rarely addressed strategically in the NDCs, and the proposed applications are
narrow (mainly disaster risk management technology and smart consumption
solutions), indicating a need for a greater awareness of digital technologies for
climate action.

At the policy level, integration of green and digital policies cuts across
governments and stakeholders, calling for a whole-of-government approach. Digital
ministries need to understand how to integrate climate considerations into their sector
policies, such as through strategies that promote climate-resilient digital infrastructure,
and encourage investments in low-carbon digital infrastructure. Digital ministries also
need to ensure that the digital fundamentals such as connectivity and data infrastruc-
ture are in place to enable use for climate action. Other ministries, institutions, and
organizations that grapple with climate change should focus on identifying digital
applications for combating climate change, weighing the factors that may limit the scale
and scope of implementation.

FIGURE ES.2 Mentions of Technology in Mitigation and Adaptation Provisions of Nationally
Determined Contributions (NDCs)

a. Mitigation provisions b. Adaptation provisions
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Source: World Bank analysis based on Nationally Determined Contributions Registry, United Nations, New York (accessed September 2022),
https://unfccc.int/NDCREG.

Note: Digital tech: a country mentioned one or more technological initiatives heavily underpinned by digital technologies; other tech: a country
mentioned one or more technological initiatives that do not necessarily involve digital technologies for connectivity or analytics; no tech: a country
did not explicitly mention technology in their NDCs. The analysis covered 197 countries, including 138 low- and middle-income economies.
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Decarbonizing the Digital Sector

Current estimates of the sector’s share of global carbon dioxide (CO,) emissions
range from 1.5 to 4 percent—or roughly equal to the footprints of commercial
aviation or maritime transportation. The booming digital economy relies on
devices and networks that consume energy and electricity, creating carbon foot-
prints. Country-level emissions vary considerably and depend on a country’s level of
digitalization, patterns in the consumption of digital technologies, and sources of the
energy used.

Data centers are a large source of emissions, but so are digital devices and
telecom networks. Although much attention has been paid to the energy
consumption—and, thus, the emissions—of data centers, emissions from digital
devices and networks are similar (figure ES.3). It is heartening that as data con-
sumption has skyrocketed in recent years, data centers’ energy consumption and
emissions have not grown apace, a result traceable to efficiency gains and greater
use of renewable energy. Overall, however, without a sharper change in direction,
expansion of the information and communication technology (ICT) sector will
continue to increase emissions, calling for substantially greater investments in
innovation, energy-efficient technology, and renewable energy as digitalization
increases. Technologies tailored to low- and middle-income economies must not
be overlooked in the process.

FIGURE ES.3 Emissions from Subsectors of the ICT Sector

Data centers: Connectivity networks:
20-48% 16-40%

Consumer devices:
24-40%

Smartphones

E==10

Computers

Source: Adapted from WIK-Consult and Ramboll (2021) to include estimates by Minges, Mudgal, and Decoster (forthcoming) based on analysis of
reported emissions by more than 150 international digital companies.

Note: The midpoint of the range of the subsector’s contribution to total emissions in the sector is reflected in the size of the boxes. Televisions
(including smart TVs) are excluded from the sector breakdown. “Other” includes routers and connected devices. Mobile network operations account
for more than 50 percent of the emissions of connectivity network operations. Deployment and decommissioning account for 10 percent of total
connectivity network emissions. ICT = information and communication technology.
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The sphere of influence for governments will depend on their country’s position
in the digital value chain. For example, devices, which emit most during manufacture,
are manufactured in a small number of countries. Similarly, hyperscale data centers
serving global markets are located in relatively few countries. In these countries, corpo-
rate climate commitments, effective government policies, and use of renewable energy
can have a strong effect on global digital emissions. With shifts to edge infrastructure,
data center emissions may be become more dispersed globally.

Multinational digital firms lead in the use of renewable energy. In line with
corporate commitments, the ICT sector is the largest purchaser of renewable energy
globally. This sector is therefore an important and potentially underestimated part of
the overall transition to renewable energy, with multinational corporations emerging
as significant drivers of demand for renewable power in some LMICs. Governments
play a critical role through renewable energy policies, investments, and the enabling of
direct power purchase agreements by firms.

From artificial intelligence (AI) to emails, it is the sum that counts. New
technologies can expand the use of digital and data infrastructure, generating ever
more emissions such as from blockchain, fifth-generation (5G) technology, and Al
Although AT algorithms can be energy intensive to run, the same is true of the mil-
lions of emails, video calls, and bytes of stored data. Greening digital requires big
and small actions across multiple use cases and stakeholders, including individual
users. As the ICT sector grows across countries at all income levels, every country
and every sector will have to consider how the digital transformation can be made
more sustainable.

Making the Digital Sector More Resilient

Digital infrastructure is increasingly susceptible to climate risks. Digital disruption
means social and economic disruption. Among these hazards are floods (both coastal
and riverine), landslides, tsunamis, cyclones, powerful storms and winds, water scar-
city, and extreme heat. Damage to digital infrastructure disrupts connectivity and
access to linked data and digital systems. Even localized damage can affect entire
networks. Because of economywide digitalization, interruptions can cause failures of
the associated critical infrastructure, such as communication services, banking, power
grids, railways, and government services. Digital infrastructure is, therefore, critical
infrastructure that must be climate proofed.

Digital Technologies for Mitigation

Digital technologies are creating new opportunities to cut emissions and fight
climate change across sectors. In this report, energy, transportation, agrifood systems,
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and urban centers are identified as high-emitting sectors in which digital technologies
can be leveraged for mitigation:

= In the energy sector, digital technologies can advance the transition to renewable
energy. Examples range from pay-as-you-go solutions for solar devices to
satellite imagery that helps identify the best locations for geothermal and hydro
sites. Digital solutions can also enhance energy efficiency and enable demand-
side flexibility (smart grids, meters, and devices/appliances/machines) as well as
support implementation of decentralized distributed energy systems powered
by renewables.

= In the transportation sector, digital technologies can accelerate the transition to
electric vehicles and to modal shifts in passenger transport, public transport, and
shared mobility. They can also optimize traffic flows and contribute to digitally
enabled logistics systems that enhance freight management and reduce transport
needs.

» In the agrifood system, digital technologies can lower emissions systemwide
(energy, fertilizer, transportation, processing, and sales) through direct, enabling,
and behavioral effects that improve food production, reduce waste, and lead to
better use of natural resources.

= In the urban sector, digital technologies can mitigate climate change in urban
planning and waste management. They can also improve the carbon footprint
and energy efficiency of buildings. Applications can be deployed as well to pre-
cisely identify, measure, and manage key sources of pollution (air, waste, water,
and noise) in urban areas.

Achieving mitigation at scale will require building digital foundations and
promoting widespread adoption. Many climate technologies are never scaled up.
The cost of adoption, the lack of adoption incentives, and the failure to tailor solutions to
local contexts too often limit demand. On the supply side, the need for digital founda-
tions as prerequisites and enablers of climate action is often underestimated. These foun-
dations include investments in universal broadband coverage and uptake; digital literacy
and advanced digital/data skills; and public digital infrastructure to allow governments to
generate, share, analyze, and utilize data. Early consideration of cyber resilience and data
protection in the design of digitally enabled systems is also vital to minimize risks.

Digital technologies are not a panacea for climate action. Digitalization does
not by default shrink the carbon footprint of any sector. Some solutions may reduce
unit-level emissions while boosting overall usage, producing a rebound effect. For
example, although 5G technology—which can be used for Internet of Things solu-
tions—is more energy efficient per unit of data, increases in data volume and in use of
the underlying network infrastructure can result in higher total emissions. Because
these effects are not always foreseeable at the outset, constant attention should be paid
to measuring and balancing the climate-friendly effects of an innovation and its possi-
ble rebound effects. Substantial research is needed to clarify these relationships and
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guide climate action. In the meantime, the transition to renewable energy is the surest
way to minimize the adverse effects of any digital advance.

Digital Technologies for Resilience

Countries must cope with climate shocks as well as the gradual effects of climate change.
Eight of the 10 countries most affected by extreme weather events in 2019 were low- and
middle-income economies. Half were in the least-developed category. Geographically,
many of these countries are exposed to direct effects from rising temperatures and
flooding because they lie at low elevations and have densely populated coastlines or
riverine zones.

Digital technologies can contribute to resilience to both long-term climate risks
and climate shocks. At the macro level, development of the digital sector and
economywide digitalization can strengthen the resilience of an economy, for example,
by diversification to less climate vulnerable sectors and jobs and virtualization of
transactions and communications. Digital technologies can also help policy makers
adapt to climate change by providing the tools and data needed to sharpen predictions,
enhance decision-making, and better prepare for disasters. Digital infrastructure and
applications can enhance resilience before, during, and after climate shocks:

m Before climate shocks, digital solutions can enhance disaster preparedness by
identifying high-risk areas and informing investments in, for example, flood
protection measures. Digital financial and insurance services can also serve as a
safety net against potential income losses.

s During climate shocks, early warning solutions can be critical to protecting vul-
nerable populations. Advanced technologies using Al and satellites are pushing
the boundaries of disaster risk management, while simple technologies such as
WhatsApp-based early warning systems are proving equally important.

» After a climate shock, the availability of digital identification systems and digital
financial services can allow rapid, targeted, and effective outreach to affected
populations through cash transfers, remote access to services, and information.
As countries mounted a response, those that used digital databases and data
sharing platforms reached more than three times the beneficiaries with social
protection payments and services than countries that had to collect new recipi-
ent information.

Both strong digital foundations and advanced digital applications are needed
for resilience. Areas for investment include connectivity, digital skills, and safeguards
(cybersecurity and data protection). Global and local investments are needed as well in
digital public goods requiring data access, management, and governance. A key con-
cern is whether solutions and digital investments are able to reach the most climate
vulnerable people, regions, and countries. Rural areas are a particular challenge because
population density and connectivity costs can reduce commercial viability.
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Policy Recommendations

Governments, private companies, the broad community of nongovernmental and
scientific organizations, and the public at large share the burden and challenge of
taking action to combat climate change. Governments, in particular, have a stake in
clearing the way for and actively encouraging the ICT sector and other actors to use the
full power of digital technology to advance mitigation and adaptation while mitigating
the climate impacts of increased digitalization.

Key principles to inform green digitalization strategies include the following:

= Complete a risk and emissions profile. Each country must determine its green
digitalization priorities around its climate risk profile and carbon footprint.
LMICs are particularly exposed to climate change and need to find cost-effective
ways to adapt. High- and low-tech solutions alike can play a key role, but both
require investments in digital foundations. Governments must also encourage
the ICT sector to build its own climate resilience and set a good example by
climate proofing public digital infrastructure to ensure continuity of critical
operations, communications, and services.

s Decouple digitalization from emissions. Growth of the ICT sector is going
one way: up. With nearly 3 billion people remaining offline across the globe,
fostering digital inclusion is of great importance. The climate change impact
cannot be neglected during digital transformation, however. According to
International Telecommunication Union estimates, to contribute proportionally
to the reduction of global warming, emissions from the sector must be cut in half
by 2030. Doing so will require all countries to accelerate the adoption of smarter,
more energy-efficient equipment, devices, and processes; expand the use of
renewable energy in the digital sector; and apply digital technologies effectively
to reduce GHG emissions from other sectors. Policies are needed across the
digital value chain. Some examples include the following:

o Telecom networks: policies to promote infrastructure sharing as well as
incentives and investments to promote renewable energy across the value
chain (including oft-grid, last-mile connectivity).

o Data infrastructure: data infrastructure strategies that factor in energy
and water resources, including the reuse of heat; regulations to limit the
use of problematic refrigerants; and investments in technological innovation
and capacity building of the workforce (sustainable data center planning and
operations).

o Devices: policies and investments to promote durable and repairable
devices, e-waste management, and the circular economy; and a push for
global standards, as well as regulation and incentives in countries that
manufacture devices.
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o Data: investments in climate data platforms and data policies for the trust-
worthy collection, use, and reuse of data as well as a focus on interoperability,
data standards, digital skills, safeguards, and open data access.

Ensure resilience of critical digital infrastructure. Climate events inevita-
bly have an impact on digital infrastructure. Nevertheless, governments can
improve the resilience of digital infrastructure by incentivizing adoption of
resilient technology choices; requiring consideration of climate risks in the
design, deployment, and upgrade processes; and ensuring adequate redundancy
while maximizing infrastructure sharing.
Calculate costs and benefits in a local context. Most energy efficiency measures
and green technology choices are cost-effective over the life of the asset. However,
costs and benefits should be assessed considering a country’s development pro-
file and weighed against other development priorities such as digital inclusion.
For resiliency investments, a paradigm shift is needed to move from corrective
to preventive measures that are much cheaper and more effective.
Leverage position in the value chain. Because of the global nature of the ICT
sector, emissions from some parts of the value chain are concentrated in a few
countries (such as those where digital manufacturing takes place or where large
data centers operate). Governments in these countries have an opportunity and
a responsibility to engage internationally to set enhanced standards—and to
apply those standards at home.
Break policy silos. Green digitalization calls for whole-of-government
approaches. Digital ministries must consider national climate risks and ambitions
and engage with stakeholders to leverage digital technologies effectively. Other
sector ministries and implementing agencies may require capacity building
to apply digital technologies effectively to climate action and to recognize
digital risks.
Engage multiple stakeholders. Private companies play a key role in green digi-
talization. They have a natural interest in reducing energy consumption and its
associated costs, as demonstrated by changes in the telecommunication value
chain and data center industry. Meanwhile, multinationals in the ICT sector have
set the bar higher by embarking on net zero carbon strategies. Governments
should create a strong enabling environment for these efforts and partner with
the private sector in, for example, encouraging renewable energy power pur-
chase agreements to power digital infrastructure and leverage the sector to drive
demand for the local renewable energy sector.

Apply agile regulation principles. The green-digital policy nexus is uncharted

territory for most governments. Agile policy principles can help governments

create a responsive enabling environment for green digitalization. So-called
regulatory sandboxes and support for innovation test beds can enable novel
approaches to data use and testing of climate-friendly digital technologies.
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For the global community, important tasks are at hand:

= Improve research, standards, and innovation. The ICT sector lags other sec-
tors when it comes to understanding its links with climate change. Despite
digitalizing rapidly, very few countries are able to report emissions from the ICT
sector. Stronger methodologies and country-level capacity are needed. In the
data center industry, efforts toward greening are common, but internationally
recognized standards are lacking. The country-level or regional codes of con-
duct that are emerging are important for setting a common direction. For cross-
sectoral technologies, the focus is moving from uncritical optimism to tough
but necessary exploration of the positive and negative drivers of emissions. The
multistakeholder partnerships leading the way will be critical in determining
which solutions and approaches deserve to be scaled up through investments.

s Introduce digital climate financing. The adoption of digital technologies
to fight climate change requires investment in digital foundations: networks,
devices, applications, capabilities, and services. This investment calls for a new
mindset when allocating climate financing. Currently, the ICT sector and digi-
tal foundations are largely ignored in climate financing. To unleash the power
of digital solutions across sectors, financing should not be limited to sector-
specific interventions. Similarly, digital technologies can help solve some of the
fundamental challenges of wider climate financing, for example, by improving
data collection, verification, and aggregation to create a more transparent and
accountable carbon marketplace. The international community, including devel-
opment banks, has a role to play on both fronts.

The Next Steps to Using and Greening Digitalization to
Combat Climate Change

This report aims to provide policy makers in low- and middle-income countries with
information about the opportunities and risks digitalization can bring to combating
climate change. Climate action and digitalization are already policy priorities across
many governments, providing the underpinnings for the transition to green digitaliza-
tion. For the digital development community, two main challenges remain: (1) closing
the digital divide in a sustainable way and (2) developing and scaling digital solutions
in a way that ensures that climate dividends dwarf digital emissions.

As the climate and digital transformation agenda evolves, more research is needed
to monitor and quantify the enabling effects of digital technologies and the carbon
footprint of the ICT sector at both the country and global levels. The World Bank wel-
comes cross-sectoral collaboration and partnerships in moving this important agenda
forward. This effort includes developing the guidance needed to help countries trans-
late green digital ambitions into policies, investments, and innovations as well as to
leverage climate finance to catalyze digital technologies for climate action.
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Note

1. Also called the information and communication technology (ICT) sector in this report.
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1. The Digital-Climate Nexus

Introduction

Climate change, the defining challenge of these times, is taking place amid the greatest
information and communication technology revolution in human history. Unchecked,
climate change poses huge risks to countries’ long-term development, growth, and
stability. It will disproportionately affect the poorest and most vulnerable populations,
especially in low- and middle-income countries (LMICs), pushing as many as
130 million people into poverty by 2030 and 200 million into migrating by 2050
(Clement et al. 2021). Climate change also poses growing risks of famine and death
from extreme weather events, drought, and the loss of reliable water supplies, especially
in Sub-Saharan Africa and Asia. The heat waves, fires, floods, and droughts of 2022 are
a preview of what lies ahead.

The 2015 Paris Agreement sets out global commitments to combat climate change.!
At the current rate of progress, however, the Paris Agreement goals will not be reached.
Accelerating the pace will depend on, among other things, technological innovations,
many powered by digital technologies. These technologies—already available, in devel-
opment, or foreseeable—could help nations fight climate change by enabling greater
efficiency in a wide range of practices, processes, and services. Examples of those tech-
nologies follow:

» Digital communications and data access technologies (fixed/mobile telecom-
munication infrastructure, handheld devices, and computers) to enable use of
digital solutions for mitigation and adaptation

= The Internet of Things (IoT), comprising devices, resource-efficient appliances,
and components embedded in industrial equipment and vehicles to allow for
machine-to-machine communication

» Information services, big data analytics, and artificial intelligence for more
efficient use and reuse of resources

= Information services, data collection, data analytics, and blockchain to track
emissions and monitor climate commitments

= Digital technologies to collect and assess the data used to track how, where,
and in what form climate change is occurring.
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The application of digital technology spans both climate change mitigation and
adaptation efforts. Mitigation® efforts are aimed at reducing greenhouse gas (GHG)
emissions to limit the increase in the average global temperature to 1.5 degrees Celsius
above preindustrial levels. Mitigation strategies are characterized by measures that
reduce GHG emissions. Digital solutions are at the core of technologies for mitigation
actions. However, their increased use, in turn, has implications for emissions from digi-
tal infrastructure. The growing use of digital technologies carries climate costs as well
as benefits. Costs—in the form of emissions—stem from the use of energy and resources
to build, power, and dispose of digital infrastructure, devices, and components.* To
support the 1.5 degrees Celsius goal, GHG emissions from the information and
communication technology (ICT) sector would have to be reduced by half by 2030
(ITU 2020b).

Climate strategies also require adaptation.* Adaptation efforts are aimed at reducing
vulnerability and exposure to climate variability, building adaptive capacity, and lower-
ing the costs and damage from climate-related impacts and natural disasters. In addi-
tion to meeting urgent present needs, implementation of adaptation strategies will help
countries prepare for the long-term effects of climate change. Digital solutions have an
important role to play in monitoring, predicting, planning for, and responding to cli-
mate change and extreme events, and in protecting critical infrastructure and vulner-
able populations. For digital infrastructure, this also means planning and designing
connectivity and data infrastructure that is more resilient to current and future climate
change events.

Adaptation and mitigation are complementary strategies for reducing and manag-
ing the risks of climate change, but they need to be linked to other societal objectives.
The impacts of and responses to climate change are closely linked to sustainable
development, which balances social well-being, economic prosperity, and environ-
mental protection. The United Nations’ Sustainable Development Goals (SDGs) pro-
vide a framework for assessing the links between global warming and development
goals, which include eradicating poverty, reducing inequalities, and combating cli-
mate change. Digital technologies can contribute to achieving the SDGs. Meanwhile,
considerations of ethics and equity should underpin efforts to address the uneven
distribution of adverse impacts associated with higher levels of global warming, as
well as those from mitigation and adaptation, particularly for poor and disadvan-
taged populations in all societies. Therefore, closing the digital divide is critical
to ensuring that these populations can enjoy the benefits of digital technologies
for adaptation.

Digitalization has been a major global trend in recent decades. Nine out of 10 peo-
ple across the globe are now covered by third-generation (3G) networks. More than
half of the global population is using the internet. From e-commerce to social media to
smart manufacturing and precision farming, digital technologies have emerged in all
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facets of economic and social life, changing the way production and consumption take
place. However, the challenge of unequal access persists. The opportunity to leverage
climate technologies hinges on digital inclusion. Three billion people remain digitally
unconnected, with the vast majority concentrated in low- and middle-income
economies. To reap broader development gains from digitalization, governments and
the development community must, as noted, close the digital divide. In addition, a
shared understanding of and a common strategy for the use of digital technologies
in the fight against climate change are critical to achieving climate targets.

This report looks at opportunities to bridge the digital divide in a sustainable way
and leverage digital technologies effectively for climate action by asking the following
questions:

» Chapter 1: What is the relationship between digitalization and climate change?

m Chapter 2: What are the present GHG emissions of digital technologies, and how
can they be reduced even as use of those technologies continues to grow?

» Chapter 3: How can digital infrastructure be made more resilient to the risks
arising from climate change?

» Chapter 4: What roles can digital technologies play in designing and implement-
ing mitigation strategies in key sectors?

» Chapter 5: How can digital technologies be leveraged to make economies and
people more resilient to climate change?

m  Chapter 6: What policy options are available to the LMICs seeking to
ensure that digital technologies provide the right foundations for their
national strategies to combat climate change and promote economic and
social development?

To reap the digital opportunities for accelerated climate action, countries need to
better understand how digital technologies affect climate change and how they can help
address the challenges it poses. This chapter explores the relationship between digitali-
zation and climate change. It begins by looking at the current extent of digital consid-
erations in national climate commitments and policies. It then explores the links among
digitalization, economic development, and climate change. The chapter concludes with
a conceptual framework that summarizes the digital-climate nexus and sets the stage
for the rest of the report.

The Digital-Climate Policy Nexus
The Role of Digital Technologies in National Climate Commitments

Governments’ commitments to achieving the goals of the 2015 Paris Agreement on
climate change are captured by their Nationally Determined Contributions (NDCs).
NDCs are national plans detailing current and planned climate actions, including
emissions reduction targets, policies, and implementation measures. The United
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Nations Framework Convention on Climate Change (UNFCCC) maintains the reg-
istry of NDCs, a public record of all countries’ commitments under the Paris
Agreement.”

For adaptation specifically, the Sendai Framework for Disaster Risk Reduction
2015-2030 seeks to reduce disaster risks and losses in livelihoods and assets. It func-
tions as a United Nations-endorsed international agreement to protect countries’
development gains from disasters. The framework outlines a set of global targets and
priorities to both guide and assess progress and highlights the use of digital technolo-
gies and tools that support information platforms and dissemination, online monitor-
ing and reporting tools, provision of hazard data, risk assessments and data analytics,
and facilitation of public participation and social inclusion (UNDRR 2015).

In addition to the Paris Agreement’s requirement that parties to it develop NDCs,
the agreement also calls for countries to develop long-term development strategies
and targets for low GHG emissions.® Some countries have pledged to achieve net zero
emissions in their NDCs across various target years, but many will converge at net
zero by 2050 (figure 1.1). Setting specific targets ensures a clearer path for mitigation
efforts.

As indicated by the NDCs, many low- and middle-income countries are already
incorporating technology—including digital technology—into their plans to combat
and adapt to climate change. Overall, 84 percent of countries mention “technology” in
the mitigation provisions of their NDCs and 63 percent mention it in the adaptation
provisions (figure 1.2). Digital technologies underpin various mitigation and adaption
actions, with 45 percent of all countries mentioning these technologies for mitigation
(mostly for monitoring and smart sectoral solutions) and 53 percent mentioning them
for adaptation (mostly early warning systems and monitoring).” The limited use of digi-
tal technologies demonstrates the need for increased awareness and sharing of knowl-
edge about the use of these technologies for climate action.

A growing number of LMICs are integrating digital technologies in their climate
commitments. For example, as described in boxes 1.1 and 1.2, respectively, Rwanda
and Maldives strategically consider digital technologies in both their mitigation and
adaptation actions. Hydroinformatics and early warning systems are examples of solu-
tions mentioned by many countries. According to its NDC, Sudan plans to scale up
Smart IT used in the Nile to all major catchments, create a national map for potential
water resource use and a recharging zone, and introduce sustainable irrigation systems
for vulnerable farmers and livestock. Nicaragua not only plans to modernize the coun-
try’s hydrometeorological monitoring services to provide accurate forecasts and build
early warning systems, but also is emphasizing the importance of receiving access to
new sensors and technologies and training staff. Moreover, Honduras plans to improve
its hydrometeorological stations and provide better access to quality data, as well as
enhance its forestry monitoring and management system.



FIGURE 1.1 National Pledges to Reduce Emissions, by Target Year
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FIGURE 1.2 Mentions of Technology in Mitigation and Adaptation Provisions of NDCs,
by Country Income Group

a. Mitigation provisions b. Adaptation provisions
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Source: World Bank analysis based on Nationally Determined Contributions Registry, United Nations, New York, https://unfccc.int/NDCREG.

Note: Digital tech: a country mentioned one or more technological initiatives heavily underpinned by digital technologies; other tech: a country
mentioned one or more technological initiatives that do not necessarily involve digital technologies for connectivity or analytics; no tech: a country
did not explicitly mention technology in their Nationally Determined Contributions (NDCs). The analysis covered 197 countries, including 138 low-
and middle-income economies.

Rwanda’s National Strategy for Climate Change and Low Carbon
Development Strategy

InRwanda’s Nationally Determined Contribution (NDC), “Technology, Innovation and Infrastructure”
and “Integrated Planning and Data Management” are two of the five enabling pillars for imple-
mentation of the country’s National Strategy for Climate Change and Low Carbon Development
Strategy. Its first NDC, submitted in 2015, mentions the government’s plan to develop a national
spatial data infrastructure by 2030, which is expected to help the country efficiently manage land
information resources and identify required data sets for developing a monitoring system.? The
updated NDC submitted in 2020 consistently prioritizes the land and forestry sector, especially for
adaptation, and emphasizes the development of an integrated spatial data management system.

The government plans to use the spatial data management system for both adaptation and
mitigation measures. For adaptation, it will collect accurate data on the exposure of households
and infrastructure to climate vulnerability. For mitigation, the system will help Rwanda reduce
greenhouse gas emissions through more efficient land use and a larger surface area for carbon
sink. In another mitigation measure, the government will explore innovative approaches to agricul-
ture such as vertical farming technologies to help the sector increase crop yields within a smaller
land area.

In adaptation, the country recognizes a particular need to build and further develop its moni-
toring and evaluation capacity. Acknowledging the country’s lack of climate adaptation data and

(Box continues on the following page)
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Rwanda’s National Strategy for Climate Change and Low Carbon
Development Strategy (continued)

the need to enhance data quality and reliability, the government plans to improve monitoring and
evaluation systems by leveraging information technology tools and processes. For example, the
NDC mentions the health sector’s use of drone technology for data collection, as well as the use
of smartphones to mine and process health statistics to acquire quality data for reliable data
management systems for climate adaptation. To continue the effort, the country cites the impera-
tive for global financing and technology transfer (such as the application of web-based tools) for
capacity building.?

a. Nationally Determined Contributions Registry, United Nations, New York, https://www4.unfccc.int/sites/ndcstaging
/PublishedDocuments/Rwanda%20First/INDC_Rwanda_Nov.2015.pdf.

b. Nationally Determined Contributions Registry, United Nations, New York, https://www4.unfccc.int/sites/ndcstaging
/PublishedDocuments/Rwanda%20First/Rwanda_Updated_NDC_May_2020.pdf.

Maldives’s Plans to Incorporate Digital Technologies in
Adaptation and Mitigation

The Nationally Determined Contribution (NDC) of Maldives emphasizes the role of technologies in
adaptation and mitigation. For example, the transformational changes needed to address climate
change adaptation and mitigation will require proper knowledge transfer, human resource capac-
ity building, and greater public awareness in addition to the financial and technological enhance-
ments. Developing and promoting appropriate technologies to address climate change impacts
with support from the international community are a priority for good climate governance.

Early warning and systematic observation are other areas requiring data and analytics.
Information and data availability on climatology, hydrology, and geophysics are scarce in
Maldives. The wide geographic spread of the islands as well as capacity constraints and
inadequate resources have posed challenges for expansion of the observation networks. Better
data collection, management, and forecasts remain critical areas for early warning dissemination.
Key measures include collecting the data needed to understand past and future climate trends
and their associated impacts, strengthening and expanding the meteorological network and early
warning systems to cover the entire archipelago, and improving the climate and weather fore-
casting tools for decision-making.?

a. Ministry of Environment, Maldives, 2020.

The Intersection of Climate and Digital Technologies at the Policy Level

Climate action and digital development are core policy priorities for many govern-
ments, but they are often conducted in silos with limited links among the respon-
sible government entities. Despite the wide recognition in NDCs of the role of
technologies—including digital ones—systematic integration of climate change
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and digital development is still largely missing at the policy level. For example,
mapping of policies for digital and green transitions in the Nordic and Baltic
countries reveals limited policy integration (box 1.3).

Some countries are, however, including digital considerations in climate policies
and integrating climate considerations in digital policies (table 1.1). Both are needed to
green the ICT sector and create strong digital enablers for climate action. As table 1.1
indicates, empirical examples are emerging in the ICT sector, whereas strategic integra-
tion of digital considerations in climate-related policies at the national level is less
prevalent.

At a regional level, there are also efforts to strategically link digitalization and cli-
mate change strategies. The European Union (EU) has in recent years adopted policy
initiatives such as “Digitalization for the Benefit of the Environment” that address the
twin societal challenges of digital transformation and green transition (box 1.4). In a
related move, the Council of the European Union adopted Conclusions underlining
the potential of the transition to the new green and digital jobs needed for economic
recovery after the COVID-19 (coronavirus) pandemic. The “conclusions” state that
digitalization is an excellent lever to accelerate the transition to a climate-neutral,
circular, and more resilient economy and that an appropriate policy framework is
needed to avoid adverse effects of digitalization on the environment. The Council
encouraged the European Commission to develop an ambitious policy agenda for
using digital solutions to achieve zero pollution and called on the Commission to pro-
pose regulatory or nonregulatory measures to reduce the environmental footprint of
data centers and communication networks (Council of the European Union 2020).

Overcoming the challenges of linking digitalization and climate change will
require policy coherence and close cooperation between policy areas. The digital
component will be key in reaching the goals of the European Green Deal and the

Integration of Policies for Digital and Green Transition in Nordic
and Baltic Countries

A study commissioned by the Nordic Council of Ministers analyzed the level of policy integra-
tion between digital and climate policies in the Nordic-Baltic region (figure B1.3.1). The study
found that very few policies across the Nordic-Baltic countries display a thorough and dedicated
integration of digital technologies and climate mitigation. The result is likely to be low or insuf-
ficient impacts related to the digital and green transitions. The policy areas energy and utilities,
climate, digitalization, and industry have the highest number of relevant policy initiatives. The
study recommends promation of policy innovation and an integrated approach to policy making
moving forward.

(Box continues on the following page)
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Overview of National Policies by Policy Area and Degree of
Digital and Green Integration (continued)

FIGURE B1.3.1  Overview of National Policies, by Policy Area and Degree of
Digital and Green Integration

a. Number of policies, by policy area
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TABLE 1.1 Examples of Green Digital Policy Types (Nonexhaustive)

Digitalizing climate policy

Including digital infrastructure or
enablers in climate commitments or
action plans

Case: The National Adaptation Plan of the Democratic Republic of Congo recognizes
that the inaccessibility of local communities to communication channels could be a
major negative impact of climate change, and it identifies improvement of access

to communication, including information and communication technology (ICT)
infrastructure, as a planned action (DRC 2021).

“Greening” digital policy

Including climate targets in digital
transformation policies or strategies

Plans, regulations, and incentives that
green the ICT sector

Case: Kenya's 2019 National Information, Communications and Technology (ICT) Policy
envisions ICT as a tool enhancing “climate change modelling, adaptation, mitigation,
monitoring, and response through the appropriate use of relevant ICTs" (Ministry of
Information, Communication and Technology, Kenya, 2019. Kenya's Digital Economy
Blueprint includes targets to ensure the efficiency of ICT equipment and minimize
e-waste (Communications Authority of Kenya, 2019).

Case: France levies a corporate tax on electricity consumption. Data centers are
entitled to a reduction in this tax if they live up to certain energy efficiency criteria.
Case: China's “Eastern Data, Western Computing” plan, introduced in 2020, targets the
expansion of data center capacity in eastern and western China and includes energy
efficiency criteria for data centers—that is, power usage effectiveness (PUE) levels.

Cross-cutting policies

Policies that bridge digital and climate
policies

Cross-sector policies or regulation that
enable green digitalization

Case: The Republic of Korea’s New Deal from July 2020 is an example of a policy
framework that explicitly leverages digital technologies for climate action and also
addresses climate action in the ICT sector. New Deal 1.0 has three pillars: Digital
New Deal, Green New Deal, and Stronger Safety Net with initiatives such as green
transition in cities/spatial planning/living infrastructure, diffusion of low-carbon
and distributed energy, and establishment of innovative green industry ecosystems
(World Bank 2022).

Case: In Jordan, the Electricity Regulations Commission introduced a wheeling regime
that allows large enterprises to generate electricity via renewable energy sources for
their use. The ICT industry played a role in this process and subsequently invested in
solar farms to offset its high energy costs (GSMA 2019; also see box 2.5).

Source: World Bank.

Sustainable Development Goals as set out in the EU digital strategy Shaping Europe’s
Digital Future (European Commission 2020). Furthermore, a recent study by the
Joint Research Centre examines how the European Union can reinforce the link
between the green and the digital transitions, emphasizing requirements on vari-
ous fronts: social, technological, environmental, economic, and political (Muench
et al. 2022).

In the context of development institutions, the World Bank has adopted the
Green, Resilient and Inclusive Development (GRID) approach in response to the
COVID-19 crisis and climate crisis. The approach highlights the role of digital
technologies. Integrated, longer-horizon GRID strategies are needed to repair the
structural damage caused by COVID-19, accelerate climate change mitigation and
adaptation, and underpin a strong and durable recovery. The crisis responses offer
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) GX'S  Ministerial Declaration on a Green and Digital Transformation
of the EU

In 2021, 26 member states of the European Union (EU), as well as Norway and Iceland, signed a
declaration to accelerate the use of green digital technologies for the benefit of the environment.
The signatories of the Ministerial Declaration on a Green and Digital Transformation of the EU will
take action at the national level in the following areas:

= Setup adigital twin of Earth to help monitor climate change.

= Make data available in common European data spaces.

= Support the deployment of green digital solutions that accelerate the decarbonization of
energy networks, enable precision farming, reduce pollution, combat the loss of biodiver-
sity, and optimize resource efficiency.

= |ead on energy-efficient artificial intelligence solutions.

= Help cities become greener and more digital.

= Use technologies to make buildings more energy-efficient.

= Support smart and sustainable mobility systems.

= Use digital product passports to track and trace products to improve circularity and
sustainability.

= Promote ecodesigned products and accessible digital public services.

= Contribute to the use of a climate-neutral, sustainable, energy-efficient European cloud
and blockchain infrastructure.

= Propose permits for the deployment of networks and data centers that comply with the
highest environmental sustainability standards.

= Make green public procurement the default option overall.

= Develop low-power hardware technologies.

= Use EU funding programs and private equity to support European green tech start-ups and
small and medium enterprises.

multiple opportunities to build stronger, greener, and more equitable systems and
institutions (World Bank 2021).

The Country Climate and Development Reports (CCDRs) being completed across
World Bank client countries integrate climate change and development considerations
to inform policy and investments. A key finding across the first batch of 25 reports is
that “the transition to more resilient and lower-carbon development requires managing
political economy obstacles, strengthening institutional capacity, accelerating diffusion
of new technologies, and the careful management of negative distributional outcomes.™®
The reports also find that reducing emissions can be achieved without compromising
development: CCDR low-carbon development strategies could reduce emissions by
70 percent without a significant impact on growth, provided that policies are well-
designed and financing is available (World Bank 2022).
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Digitalization, Economic Development, and Climate Change

Economic development, digital transformation, emissions, and socioeconomic resil-
ience to climate change are intertwined. Over the last decade, the development of digi-
tal technology has been a catalyst for economic growth. Although the increase in
production and consumption from economic growth is often associated with higher
carbon dioxide (CO,) emissions, the growth-enhancing effect of digitalization does not
mean that it inevitably results in higher emissions. A cross-country multivariate analy-
sis confirms that there is no significant relationship between digitalization and GHG
emissions after controlling for growth of the gross domestic product (GDP).
Furthermore, climate policy (measured by NDC commitments related to technology)
is found to be associated with lower emissions, suggesting that emissions from digital
development can be curbed with the right policy that considers both climate change
and digital development.

Meanwhile, economic development improves income, services, education, and
health, and it builds socioeconomic resilience to climate shocks. Cross-country multi-
variate analysis suggests that digital development is positively correlated with a coun-
try’s socioeconomic resilience and negatively correlated with vulnerability indicators
(measured by risks to well-being and to physical assets and by the economic costs of
climate change for households and firms). The results are robust across alternative
indicators of vulnerability and resilience and digital indicators—such as the digital
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adoption index, third-generation/fourth-generation (3G/4G) coverage, and mobile
broadband subscription—and when controlling for GDP per capita, suggesting
that digital development can play a significant role in building climate resilience and
reducing the economic costs of climate change.

Digital technologies and data are important because climate disasters are occurring
more frequently. For example, analysis of the correlation between climate events and
deaths finds that disaster-related deaths have declined substantially over time thanks to
better early warning systems (WMO 2022). However, there are digital coverage gaps in
certain areas vulnerable to climate hazards. Correlating geospatial information on
second-generation (2G) coverage and areas prone to flooding demonstrates that invest-
ments in digital infrastructure and services are still needed to support early warning
systems to prevent loss of life from flooding in some areas of South America (such
as Peru and the Amazon), Africa (such as Ethiopia), and inner Asia (see maps 1.1
and 1.2). However, the generally wide mobile data coverage globally serves as a good
platform for mobile digital innovations for early warning in low-lying flood-prone
areas with high levels of population, such as in Bangladesh and in east and northeast
India. These opportunities need to materialize.

Government policies on digital development and climate change would therefore
need to carefully consider countries’ development contexts to achieve a twin digital and
green transition.

MAP 1.2 Mobile Network Coverage
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Conceptual Framework: Untangling the Relationship between
Digitalization and Climate Change

Digitalization creates both challenges and opportunities for the climate change agenda.
The conceptual framework presented in figure 1.3 summarizes two channels—direct
and indirect—through which digitalization interacts with climate change.

Direct Channel

The production, use, and disposal of ICT contribute directly to GHG emissions. Digital
infrastructure is directly exposed to significant risks from rising temperatures, mount-
ing sea levels, water scarcity, and extreme events such as droughts, hurricanes, and

FIGURE 1.3 Conceptual Framework for Relationship between Digitalization and
Climate Change

ICT sector

Other sectors

Economy

Mitigation

© |Improving energy efficiency

® Using renewable energy

® Enhancing digital circular economy

Direct channel

Adaptation
e Climate proofing digital sector

Mitigation

® Enabling energy efficiency

e Facilitating renewable energy
* Dematerialization of sectors

Adaptation
e Digital technologies for sector
adaptation

Indirect channel

Mitigation
© Opportunities for low-carbon
development pathways

Adaptation

 Economic diversification
 Business continuity

o Disaster risk management

ital skills

ovation, financing, digf

Policies, standards, inn

Positive

climate drivers

Source: \World Bank.
Note: ICT = information and communication technology.



The Digital-Climate Nexus

flooding. Current estimates of the ICT sector’s share of global CO, emissions vary,
ranging from 1.5 percent to 4 percent.? A decarbonization pathway for the digital sector
is needed through a combination of expanded use of renewable energy and energy
efficiency measures (see chapter 2).

As various systems such as electricity, water, and digital connectivity become more
and more interdependent and interconnected, disruptions of digital connectivity and
the data infrastructure by climate change and natural hazard shocks will have ripple
effects across a span of services vital to livelihoods. Climate and disaster risks must
therefore be taken into account throughout the planning, construction. and operation
phases of digital infrastructure (see chapter 3).

Indirect Channel

As digital technologies become pervasive in social and economic activities, they
have an impact on climate change indirectly at the macroeconomic level and across
sectors.

First, as shown earlier, at the macro level digital technologies increase productiv-
ity, thereby potentially increasing total consumption, which increases emissions.
Low- and middle-income countries, especially upper-middle-income, have achieved
significant productivity gains from foundational ICT investment in recent years
(Dedrick, Kraemer, and Shih 2013). Such productivity gains are reflected in economic
growth—for example, all the non-Annex I countries (developing countries under the
Kyoto Protocol) experienced, on average, economic growth of 1.9 percent from 2000
to 2017. However, GHG emissions in those countries have been increasing at an even
faster rate, 3.3 percent, since 2000, leading to growing carbon intensity.*®

Decoupling of economic growth and emissions—that is, ensuring that the growth
rate of GHG emissions is less than that of its economic driving force—becomes essen-
tial in achieving a sustainable growth trajectory. Since 2010, more than 40 percent of
countries have grown their economies faster than the increase in carbon emissions, and
16 percent have grown without increasing carbon emissions.** However, among those
that realized the decoupling, only 5 percent are low-income countries. Decoupling can
be attributed to factors such as changes in a country’s economic structure, a shift in
energy mix toward renewable sources, and improvements in energy efficiency.
Digital technologies provide opportunities to change a country’s economic structure,
efficiency, and energy consumption patterns to support low-carbon development
pathways.

Second, at the sectoral level digital technologies could potentially reshape the struc-
ture of an economy and the size of each sector. Because the emission profiles of each
sector differ, changes in the sectoral structure would also change the overall emissions.
The worldwide energy intensity in industrial production is 0.12 kilograms of oil
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equivalent per dollar (kgoe/$); agriculture, 0.036 kgoe/$; and services, 0.016 kgoe/$.12
Further tertiarization enabled by increasing the penetration of digitally supplied ser-
vices helps to reduce emission intensity. However, for LMICs climbing the ladder to
reap the development benefits of the manufacturing sector instead of rushing resources
to the service sector (which could result in premature deindustrialization), leveraging
digital solutions to help reduce emissions across all sectors is more viable to achieve a
sustainable growth path.

A dematerialization pattern across sectors in production and consumption is
emerging thanks to the rapid development of digital technologies. The development of
the product as a service (PaaS) model, such as servicification of manufacturing, is a
case in point, showing how digital technologies can enable using a product without
purchasing it, thereby reducing the carbon emissions associated with the production of
new products. The digitally enabled “mobility as a service” also helps achieve better
integration and operation of various low-carbon transportation modes (Wadud and
Namala 2022). Similarly, the online-enabled sharing economy helps optimize the utili-
zation of existing assets, thereby reducing carbon footprints from new production. For
example, Hello Tractor, an asset and service sharing platform in Nigeria, establishes a
network of tractor owners, offering the equipment as well as services if needed to those
who cannot afford to buy one for farming activities.!*

However, further digitalization in production activities involves intensive use of
ICT products and services, which could potentially shift carbon footprints back to the
ICT sector itself, as reflected in the direct channel for the impact of digital technologies
on climate change. For example, mobility as a service often involves the use of big data
analytics that rely on data centers, which results in energy consumption in the ICT sec-
tor. This factor strengthens the importance of introducing renewable energies and
improving energy efficiency of the ICT sector. Statistics reveal that substantial progress
has been made in this regard; the carbon footprint per gigabyte (GB) in networks fell
from 7 kilograms of carbon dioxide equivalent per gigabyte (kgCO,e/GB) in 2007 to
0.8 kgCO,e/GB in 2015 (Malmodin and Lundén 2018).

Third, within each sector digital technologies help shape emission profiles. Estimates
reveal that the adoption of digital technology solutions in different sectors could help
reduce global GHG emissions by 6-20 percent by 2030, depending on modeling sce-
narios and the sectors taken into account.”* Most of the reduction is attributed to solu-
tions applied in sectors such as transport, manufacturing, agriculture, building, and
energy. For example, in the agriculture sector, precision agriculture—the digitally
enabled precise application of water, seeds, fertilizers, and pesticides, depending on the
needs of plants and soil quality—is thought to play a crucial role in making agricultural
production more sustainable (Gebbers and Adamchuk 2010; Mendes et al. 2020). In
the energy sector, linking real-time data on location-specific climatic conditions and
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gauging heating and cooling demands with smart thermostats show significant poten-
tial for greater energy efficiency and optimized energy management (WBGU 2019)—
see chapter 4.

Sectoral digitalization does not, however, guarantee a smaller carbon footprint.
Additionality versus substitution and energy efficiency versus rebound effects are two
dimensions that merit special attention when analyzing the impacts of digital technolo-
gies within each sector. Technologies can reduce emissions when they produce the
same thing, but they can increase emissions when they produce new (additional) ser-
vices. The effects of shared mobility modes on carbon footprints depend on which
transport mode is replaced. For example, the net effect of ride hailing services is an
increase in urban traffic in New York and San Francisco from the additional trips gen-
erated. But carpooling could help reduce CO, emissions by attracting users that would
have traveled with private cars (Butt d’Espous and Wagner 2019). In a similar vein, it is
important to take into consideration the rebound effect, which covers additional energy
consumption triggered by energy savings, when hailing improvements in energy efi-
ciency stemming from digitalization.

Finally, besides enabling mitigation efforts, digital technologies also play an impor-
tant role in climate change adaptation and monitoring. This role includes, for example,
facilitating access to weather and disaster information (Aréstegui 2018); coordinating
response, relief, and recovery efforts (Kalas and Finlay 2009); and strengthening the
voices of those most affected by climate change in decision-making processes to bring
about combined actions (Hilty, Lohmann, and Huang 2011; Melville 2010; Ospina and
Heeks 2010). Sensors, drones, and satellite-based technological systems allow the col-
lection of large amounts of data on climate change dynamics. The Global Observing
System and Global Data Processing and Forecasting System are also widely used to
monitor the global environment/ecosystem (Dickerson et al. 2010; Il¢ev 2018)—also
see chapter 5.

Forces That Shape Effects on Climate Change: Policy, Financing,
and Market Forces

In both the direct and indirect channels, policy and regulatory environment, avail-
ability of financing, and market forces would shape the final impacts of digitalization
on climate change. In the meantime, effects depend on the country context, including
configuration of the digital value chain and its development, socioeconomic context,
maturity of the digital ecosystems, institutional capacity, and capabilities. Policy inter-
ventions can play an important role in guiding market players developing and adopting
digitally enabled low-carbon solutions. Incorporating climate change goals in the
design of ICT policy as well as other sectoral policies ensures synergies across the
policy spectrum.
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Governments can also support digital transformation in general to exploit the
potential of various digital solutions to address climate change challenges. Huge digital
divides in terms of connectivity, data, technologies, and capabilities in LMICs could
prevent countries from enjoying the benefits of using digital technologies for climate
action (figure 1.4). Policy interventions to narrow the digital divide and improve digital
literacy help ensure that vulnerable and marginal groups can also reap the benefits
of digital technologies in combating climate change. On the one hand, robust data

FIGURE 1.4 Levels of Digitalization, by Country Income Group and Region
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b. Connectivity, coverage, and usage gaps across regions, 2020
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governance frameworks that enable data use and reuse, as well as safeguards protecting
the rights of data subjects, create trust in the adoption of digital solutions. On the other
hand, lack of cybersecurity measures could deter people from using digital technolo-
gies, thereby missing the opportunities they offer in climate change mitigation or
adaptation.

Adoption of digital technologies for climate change strategies requires investments
in networks, devices, applications, capabilities, and services. This approach calls for a
new mindset when allocating climate change-related resources. Financial support
should not be limited to sector-specific climate change interventions. Investments in
foundational digital economy components also warrant attention because of their
important role in supporting climate change mitigation, adaptation, and monitoring
efforts across the board.

The investment needed to provide global universal coverage of a minimum quality
level of broadband is estimated at US$428 billion (ITU 2020a). In addition to invest-
ments in digital infrastructure, financing is needed to promote take-up of digital ser-
vices from the demand side. Investments in education and training are needed as well
to strengthen the capacities, know-how, and skills required by individuals, the private
sector, and public sector organizations in leveraging digital solutions to tackle the
climate change challenges. Although this report does not focus on climate financing, it
is worth noting that both public and private sources are needed to close the financing
gaps for mitigation and adaptation. It is estimated that the global gap for mitigation is
about US$850 billion a year and between US$180 billion and US$300 billion a year for
adaptation.

Multilateral climate funds are playing a key role in fostering climate financing in
low- and middle-income countries. Among the largest multilateral climate funds are
the Green Climate Fund (GCF), Global Environment Facility (GEF), Adaptation Fund
(AF), and Climate Investment Funds (CIF). Although these funds invest in solutions
that help achieve climate change adaptation and mitigation and that may have a digital
component such as early warning systems, none of the funds invests directly in digital
infrastructure. GCF has developed a climate information and early warning systems
sectoral guide, acknowledging that investments in trustworthy climate information
services and impact-based multihazard early warning systems are being driven by digi-
tal transformation to enable informed, scientific decision-making. GEF also recognizes
that technologies, including digital technologies, are both a source of GHG emis-
sions and an essential tool to achieve climate adaptation and mitigation. It therefore
supports projects that include the accelerated transfer of low-emission technology
innovation. But digital is not considered to be a standalone recipient sector of climate
financing, and no direct investments in digital infrastructure have been identified
through these multilateral climate funds.
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Carbon credits are an important tool for climate financing, but they have been sub-
ject to criticism arising from issues of accountability and transparency. The Paris
Agreement allows countries to design their own systems to manage and track climate
action. This approach has benefits, but it also creates challenges on standardizing data,
verifying data in a uniform way, and connecting registries. Cross-cutting platforms and
digital technologies can play a role overcoming these barriers. Platforms are, for exam-
ple, being developed to reduce the cost of accreditation and ensure more direct links
between sellers and buyers of credits. So far, many small businesses in LMICs have
been left out of the carbon markets because of the cost of verification and other transac-
tion costs associated with carbon trading. Blockchain and tokenization are also being
explored as ways to improve trust and efficiency. For example, the World Bank, the
government of Singapore, and the International Emissions Trading Association (IETA)
developed the Climate Warehouse program, which is building an open-source global
platform that connects, aggregates, and harmonizes carbon credit data.

Policy and financial incentives reinforce one other in achieving the climate change
agenda. Access to affordable finance helps accelerate and amplify the effectiveness of
public policies. By enabling the policy and regulatory environment, it attracts stake-
holders to invest in solutions that support sustainable development. Tax incentives for
research and development, programs to support technology adoption and the develop-
ment of pro-climate applications, and a fiscal strategy supporting public-private part-
nerships can help direct financial resources to support a climate agenda.

Overall, the combination of an enabling policy and regulatory environment,
sufficient financing support, and a functioning market delivers impacts on climate
change. Collaboration among stakeholders from governments, the private sector,
academia, and civil society is needed to tackle the challenge. The private sector is the
main provider or adopter of digital solutions in addressing climate change challenges.
Policy incentives are among the key enablers for innovation at the firm level. Academic
research provides the scientific foundation for development of digital applications.
And civil society supports public outreach and awareness enhancement.

Notes

1. The Paris Agreement can be found at https://unfccc.int/sites/default/files/english_paris_agreement.pdf.

2. Mitigation refers to actions to manage the direct relationship between global average tempera-
tures and the concentration of greenhouse gases in the atmosphere. Limiting global warming to
1.5 degrees Celsius depends on reducing both the emissions released into the atmosphere and the
current concentration of carbon dioxide (CO,) by enhancing and safeguarding “carbon sinks,”
such as forests that absorb CO, (United Nations Framework Convention on Climate Change,
https://unfccc.int/topics/mitigation/the-big-picture/introduction-to-mitigation). Effective
mitigation measures result in lower emissions and decarbonization.

3. Mining of materials for digital equipment, e-waste, as well as the effects of deploying digital infra-
structure on biodiversity impose additional burdens on the environment.
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4. Adaptation refers to the adjustments made in ecological, social, or economic systems in response
to actual or expected climatic stimuli and their effects. It also refers to changes in processes, prac-
tices, and structures that moderate potential damage or exploit opportunities associated with
climate change (United Nations Framework Convention on Climate Change, https://unfccc.int
/topics/adaptation-and-resilience/the-big-picture/what-do-adaptation-to-climate-change-and
-climate-resilience-mean). Effective adaptation measures support resilience outcomes.

5. For the Nationally Determined Contributions Registry, see https://www4.unfccc.int/sites
/ndcstaging/Pages/Home.aspx.

6. Article 19: All Parties should strive to formulate and communicate long-term low greenhouse gas
emission development strategies, mindful of Article 2 taking into account their common but
differentiated responsibilities and respective capabilities, in the light of different national
circumstances.

7. See appendix for details on actions related to general technology and digital technology.

8. CCDRs are available at https://www.worldbank.org/en/topic/climatechange/publication/climate
-and-development-an-agenda-for-action. The report on Malawi (https://www.worldbank.org/en
/publication/country-climate-development-reports) covers the issue of digital infrastructure and
technologies in more detail.

9. Based on the United Nations’ International Standard Classification of All Economic Activities
(ISIC), the ICT sector includes manufacturing of ICT equipment and devices, telecommuni-
cations, IT software, and services. In this report, the analysis focuses on data management
and transmission infrastructure (data centers and telecommunications networks) and on
ICT equipment and end user devices. The terms ICT sector and digital sector can be used
interchangeably.

10. Food and Agriculture Organization of the United Nations, Rome; Paris Reality Check: PRIMAP-
hist, https://www.pik-potsdam.de/paris-reality-check/primap-hist/.

11. Global Carbon Atlas (dashboard), http://www.globalcarbonatlas.org/en/content/welcome
-carbon-atlas.

12. EnerData (dashboard), https://www.enerdata.net/about-us/.
13. Hello Tractor (dashboard), http://hellotractor.com.

14. Global e-Sustainability Initiative (GeSI), SMARTer2030, https://smarter2030.gesi.org/; Malmodin
and Bergmark (2015).
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2. Decarbonizing the Digital Sector

Introduction

Ultimately, reducing greenhouse gas (GHG) emissions along the digital value chain
will depend on greater use of renewable energy to generate the electricity that powers
the information and communication technology (ICT) sector. It will also depend on
greater energy efficiency stemming from new technologies, better processes, and better
design of equipment. Issues related to shaping public, private, and citizen demand are
also important, but they are beyond the scope of the report.

The ICT Sector's Contribution to Global Carbon Dioxide Emissions:
Baseline and Forecasts

Measuring the Digital Carbon Footprint

As the uptake of digital technologies expands, including to enable the green transition
and to mitigate climate change,! emissions by the digital sector are expected to rise
unless measures to facilitate low-carbon technologies and processes are adopted. What
should industry and policy makers do to combat the growing carbon footprint of ICT?
They can begin by better understanding the sources of GHG emissions along the digital
value chain—the subject of this section.

In the context of direct GHG emissions, the digital sector has three main compo-
nents: (1) digital connectivity infrastructure (telecommunication networks), (2) data
management infrastructure (data centers), and (3) end user devices (such as smart-
phones and computers).? GHG emissions in the ICT sector are generally limited to
those generated by ICT equipment and infrastructure to avoid the risk of double
counting. This approach is consistent with the definition of ICT sector set out by the
International Telecommunication Union (ITU) in assessing the sector’s environmen-
tal impact (ITU 2018). Estimations of the direct GHG emissions of the sector depend
on which emission scope? is included. Scope 1 (direct emissions) and Scope 2 (indi-
rect emissions from energy purchases) are the most directly relevant to digital
connectivity providers and data centers. Scope 3 is particularly important for equip-
ment and devices to account for emissions along the value chain (such as by suppliers
and distributors). Furthermore, different methods are used to estimate emissions.
Life-cycle assessment is the most commonly used. It “takes into consideration the
spectrum of resource flows and environmental interventions associated with a
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product, service, or organization from a life-cycle perspective, including all phases
from raw material acquisition through processing, distribution, use, and end-of-life
processes.’*

Over the past few years, numerous studies have measured and quantified the GHG
emissions of the ICT sector, but their results have differed because of the lack of quality
data and varying assumptions. Studies of the direct GHG emissions of the ICT sector
focus on either the relative weight of the sector within the whole economic activity
(relative approach) or calculation of total GHG emissions (absolute approach). Even
though questions remain about the best methodologies to apply and the data sets to be
used, the majority of the studies agree that the ICT sector will have an expanding foot-
print in absolute terms unless specific climate actions are taken (Belkhir and Elmeligi
2018; Corcoran and Andrae 2013; Malmodin and Lundén 2018).

The possibility of double counting scopes of emissions makes sector estimations
more challenging. Although the division of GHG emissions into three different scopes
makes sense from a firm’s perspective, it is harder to put into practice when consider-
ing the ICT sector as a whole, especially when it comes to differentiating Scopes 1 and
2 from Scope 3 (box 2.1). For example, from the perspective of a data center, the trans-
mission of a signal through a telecommunication network can be counted as an indi-
rect downstream activity from the perspective of GHG emissions (Scope 3). However,
the same task is clearly counted as part of Scope 1 from the perspective of the telecom-
munication network. In this respect, the ITU points out that there is a risk of double
counting because “Scope 1 and 2 GHG emissions of one organization may be
accounted for as Scope 3 GHG emissions by another organization” (ITU 2018).

Methodological Considerations for Assessing Greenhouse Gas
Emissions of the ICT Sector

From the point of view of one company, greenhouse gas (GHG) emissions (usually aggregated as
tonnes of carbon dioxide equivalent) can be measured considering three scopes: direct emissions
(Scope 1), indirect energy consumption (Scope 2), and indirect derived from the use of other inputs
(Scope 3)—see figure B2.1.1. At the sectoral level, aggregating Scope 3 emissions would lead to
double counting because information and communication technology (ICT) services and equipment
are essential inputs in other ICT products.

Furthermore, organizations can choose from several available methodologies in assessing the
carbon footprint of their ICT activities (Scopes 1 and 2). A mapping of most of these methodolo-
gies is provided by the ICTFootprint.eu program, a European program to support action in the field
of energy and environmental efficiency in ICT that is funded by the European Commission. All the
methodologies rely on a life-cycle assessment.

(Box continues on the following page)
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Methodological Considerations for Assessing Greenhouse Gas
Emissions of the ICT Sector (continued)

FIGURE B2.1.1  Overview of GHG Protocol Scopes and Emissions across
the Value Chain
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Source: WRI and WBCSD 2013.

Note: CH, = methane; CO, = carbon dioxide; GHG = greenhouse gas; HFCs = hydrofluorocarbons; NF, = nitrogen trifluoride;
N,0 = nitrous oxide; PFCs = perfluorochemicals; SF, = sulfur hexafluoride.

Because they are limited to a subsegment of the ICT sector and are not harmonized between
them, these methodologies are not suitable for assessing the global footprint of the ICT sector.
In fact, most of the literature reviewed relies on some sort of “in-house” methodology, but little
detail is provided on the methodological approach, assumptions, boundaries, and scope. According
to Freitag et al. (2020), most of the studies rely on a bottom-up methodology—that is, based on
a life-cycle assessment to gauge the energy required for the goods and services considered. That
methodology is at times combined with some macro data (such as historical and forecasted traffic
data consumption in the world).

As for the time boundaries, ICT is a fast-evolving sector because of the rapid pace of
changes in technology. It is thus difficult to make long-term projections. Most studies
limit projections to a maximum of 10-15 years. For past trends, however, studies often
analyze all available historical data. For data centers and the mobile telecom aspects of
the sector, most estimates cover the period from the early 2000s, from where one
observes significant growth in these technologies, onward.

Direct GHG Emissions of the ICT Sector Worldwide

According to several studies in the literature, the ICT sector’s current share of global
GHG emissions ranges from 1.5 to 4 percent. In 2015, the National Academy of
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Technologies of France (NATF)? calculated that in 2012 the ICT sector accounted for
4.7 percent of worldwide electricity consumption and a total carbon footprint of about
1.7 percent (including private, industry, and telecom hardware and infrastructure and
data centers). In 2018, Malmodin and Lundén estimated that in 2020 the ICT sector
would account for about 3.6 percent of global electricity demand and 1.4 percent of
global GHG emissions.® The total emissions from networks, data centers, and user
devices would amount to about 730 megatonnes of carbon dioxide equivalent (MtCO,e)
in 2020.2 Some studies point out that the GHG emissions of the ICT sector may be
overestimated because the rapid growth in data services and connected devices have
been counterbalanced by equally rapid improvements in efficiency that have helped
moderate the impact of the ICT sector on energy consumption.? On the other hand,
Freitag et al. (2020) find that several studies underestimate the carbon footprint of the
ICT sector, possibly by as much as 25 percent, by failing to account for all of the sector’s
supply chains and full life cycle (that is, emission Scopes 1, 2, and fully inclusive 3).
Adjusting for the truncation of supply chain pathways, Freitag et al. (2020) estimate that
the ICT sector’s share of emissions could actually be as high as 2.1-3.9 percent. A recent
study by the Body of European Regulators for Electronic Communications (BEREC)
summarizes that the current carbon footprint of the sector is between 2 percent and
4 percent based on a review of the literature (BEREC 2022). Finally, an analysis con-
ducted for this report based on data reported by more than 150 international digital
companies® for 2020 estimated location-based emissions of 405 MtCO,e in 2020
(1.3 percent of the global total) and 467 MtCO,e (1.5 percent) when personal computer
and smartphone use is added (Minges, Mudgal, and Decoster, forthcoming).X

Studies show a general rising trend of emissions in the sector, but estimated growth
rates vary. Some studies find that emissions will remain generally stable in relative
terms, while others point to a potential 14-24 percent of global emissions by 2030/40
(WIK-Consultand Ramboll 2021). Belkhir and Elmeligi (2018) estimate past (2007-17)
and future (2018-20) GHG emissions from the ICT sector and conclude that the
energy consumption of the sector represents about 400-500 Mt-CO,e in 2007 and
nearly triples to reach 1,100-1,300 MtCO,e in 2020 (figure 2.1). A similar growth rate
is also found for the contribution of the ICT sector to global GHG emissions, which
grew from 1.06-1.6 percent in 2007 to more than double in 2020, reaching 3.06-
3.6 percent in 2020. Furthermore, the International Telecommunication Union, in its
Recommendation ITU-T L.1470 (ITU 2020), provides detailed trajectories of GHG
emissions for the global ICT sector and subsectors that are quantified for the year 2015
and estimated for 2020 (figure 2.2). The results of the ITU study are similar to those by
Malmodin and Lundén (2018) with total GHG emissions reaching 740 MtCO,e in 2020
and a low growth rate between 2020 and 2015. Finally, the metastudy by Freitag et al.
(2020)—including both Belkhir and Elmeligi (2018) and Malmodin and Lundén
(2018), complemented by the study by Andrae and Edler (2015)—highlights that even
though all studies agree that the GHG emissions from the ICT sector have increased
over the past decades, there are some significant disparities between the results.
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FIGURE 2.1 Energy Consumption Estimates 201015 (left) and Carbon Footprint
Estimates 2010-15 and Forecasts 2020 (right), ICT Sector
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Note: Global e-Sustainability Initiative (GeSi) estimates: previous estimates by GeSl in SMART 2020 and SMARTer 2020. Center for Sustainable
Communications (CESC) estimates: previous estimates by the authors and CESC. New estimates provided by Malmodin and Lundén (2018).

MtCO,e = megatonnes of carbon dioxide equivalent; TB = terabytes.

The GHG emissions in 2020 estimated by Malmodin and Lundén (2018) are less than
those estimated by Belkhir and Elmeligi (2018).

The analysis prepared for this report, based on data reported by more than 150
major digital companies accounting for about two-thirds of ICT emissions, reveals that
although emissions continued to grow from 2017 to 2020, the rate of growth has been
declining. Meanwhile, electricity use continues to increase (figure 2.3). A notable slow-
down in emissions was evident in 2020, even as COVID-19 mobility restrictions led to
higher use of digital services. On the other hand, electricity use increased in 2020
among these companies by 10 percent (60 percent between 2017 and 2020 for data
centers), despite a 0.9 percent global drop in electricity generation. The drop in emis-
sions growth but increase in electricity use suggests that the conversion to renewable
energy by ICT companies is beginning to bear fruit. Scope 2 market-based emissions
(considering actual electricity purchase contracts) reduced operational emissions for
ICT networks and data centers by 32 megatonnes in 2020. Sixteen major digital com-
panies reported being carbon-neutral in 2020 by using carbon credits (ITU and
WBA 2022).
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FIGURE2.2 Carbon Footprint Estimates (2007-17) and Forecasts (2018-20), ICT Sector
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FIGURE 2.3 Changes in ICT Sector Scope 1 and 2 Emissions and Electricity Use, 2018-20
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Source: Minges, Mudgal, and Decoster (forthcoming), based on data reported by more than 150 tech companies.

Note: Panel a: Location-based: considering the energy mix in the country; market-based: considering each digital company’s actual electricity pur-
chase contracts.
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2020

GHG emissions from the ICT sector are expected to increase in the coming years

if mitigation actions are not taken, but forecasts depend on the expected improve-

ments in energy efficiency and demand forecasts. Belkhir and Elmeligi (2018) predict
that by 2040 the direct GHG emissions of the ICT sector could account for as much

as 6-7 percent of total worldwide GHG emissions using a linear fit.

Using an
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exponential fit, they predict that emissions could reach as much as 14 percent of the
total worldwide, although this is less likely because of improvements in energy
efficiency (figure 2.4). The ITU (2020) also provides some forecasts for 2025 and 2030
and a long-term goal for 2050 (figure 2.5). The consensus is that GHG emissions are
not expected to grow at an exponential rate.

Although there is no consensus on estimates of the future carbon footprint of the
ICT sector (Freitag et al. 2020), it is clear that government policies and private sector
initiatives are needed to change the emissions path to reduce the sector’s carbon foot-
print. On energy efficiency, some studies argue that improvements in efficiency will
continue and will offset the increase in ICT demand, whereas others find that efficiency
improvements will not keep pace. On the demand for ICT, some studies find that
demand will increase less than energy efficiency improvements (for example, because
of market saturation for end user devices), leading to a decline (or at least a stabilization
of the total GHG emissions of the ICT sector), whereas others predict that the demand
for ICT will continue to increase due to innovation and the rise of Internet of Things
(IoT) devices, which, in turn, will lead to an increase in GHG emissions. In this con-
text, the ITU stresses that to contribute proportionally to a reduction in global warm-
ing, GHG emissions from the ICT sector must be cut by half by 2030, to less than 400
MtCO,e (ITU 2020)."* Achieving this goal will certainly require rapid action by govern-
ments and the private sector.

FIGURE 2.4 ICT Carbon Footprint as a Percentage of Total GHG Emissions Projected through
2040 Using Exponential and Linear Fits
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Source: Belkhir and Elmeligi 2018.
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FIGURE 2.5 ICT Sector Carbon Footprint Baseline, 2015-20, and Forecasts, 2025-30
(Including Electricity Supply Chain and Grid Losses)
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Note: The trajectories, the long-term goals, and the 2015 baseline were derived in accordance with the International Telecommunication
Union’s Recommendation ITU-T L.1450 and through complementary methods in support of the 1.5 degrees Celsius objective described by the
Intergovernmental Panel on Climate Change (IPCC) in its special report Global Warming of 1.5°C and in support of the Science Based Targets
initiative. ICT = information and communication technology; MtCO,e = megatonnes of carbon dioxide equivalent.
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The relative weight of the three main components of the digital sector—digital con-
nectivity networks, data infrastructure, and end user devices—is changing over time,
with end user devices increasing in importance. Estimates of the composition of emis-
sions vary based on methodologies and data sources. Data infrastructure, connectivity
networks, and devices (excluding TVs and smartTVs) each account for around one-
third of emissions (figure 2.6). According to a recent study by BEREC (2022) referenc-
ing a broad literature review, devices (terminal equipment, including TVs) are the
largest source of emissions (60-80 percent). Networks and data centers have a more
similar carbon footprint—12-24 percent and about 15 percent, respectively. Other
studies find a larger footprint for data centers. The relative GHG emissions footprint
contribution of smartphones has by far the largest increase, almost tripling over
10 years and by 2020 accounting for more than 50 percent of all other ICT devices
combined (Belkhir and Elmeligi 2018).%2

The second-largest increase in relative contribution is data centers (Belkhir and
Elmeligi 2018), although estimates of their relative importance vary significantly.
Belkhir and Elmeligi (2018) estimated that data centers emissions grew from 33 percent
in 2010 to 45 percent of total ICT footprint by 2020 (figure 2.7), whereas Malmodin
and Lundén (2018) estimate that only 20 percent can be attributed to data centers,
similar to telecommunication networks. Freitag et al. (2020) highlight this discrepancy
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FIGURE 2.6 Relative GHG Emissions of the ICT Sector, by Main Component
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Source: Adapted from WIK-Consult and Ramboll (2021) to include estimates by Minges, Mudgal, and Decoster (forthcoming) based on analysis of
reported emissions by more than 150 international digital companies.

Note: The midpoint of the range of the subsector's contribution to total emissions in the sector is reflected in the size of the boxes. “Other” includes
routers and connected devices. Mobile network operations account for more than 50 percent of the emissions of connectivity network operations.
Deployment and decommissioning account for 10 percent of the total emissions of connectivity network emissions. ICT = information and com-
munication technology.

FIGURE 2.7 Relative Contributions of Components of ICT Sector, 2010 and 2020
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between both studies and explain it by the fact that Malmodin and Lundén (2018) use
lower consumption estimates for networks and data centers (figure 2.8) than Belkhir
and Elmeligi (2018).2

The next three sections of this chapter provide insights into the regional breakdown
of electricity consumption for the three main segments of the ICT sector (data centers,
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FIGURE 2.8 Relative Contributions of Components of ICT Sector
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telecommunication networks, and end user devices). Because of the lack of data on
direct regional GHG emissions for each segment, proxy indicators for the regional
“size” of each segment are used to approximate breakdowns of the sector’s regional
energy consumption. However, even though there is a direct relationship between
energy consumption and GHG emissions, this relationship varies between regions—
and even between countries—because it is highly dependent on the energy mix
by country.

The breakdown of emissions by segment in a country will depend on the level of
digitalization and the consumption patterns of digital technologies. For example, data
centers are mostly located in high-income and high-middle-income countries.
Therefore, emissions by data centers would be less important in low- and middle-
income countries. However, there is a growing trend toward developing data center
capacity in these countries. Devices in low-income countries are less energy-efficient
per unit of data transmitted, but the use of multiple devices there is less prevalent, so
the relative importance of devices is unclear. Networks in low-income countries are
mostly based on wireless technologies and old generations (second, 2G, and third, 3G)
that are less energy-efficient per unit of data, and base stations still use fossil fuels for
off-grid and bad grid areas. Thus network operations could have a higher importance
compared with the global composition.

Digital Connectivity Infrastructure

Mobile networks are an important component of digital connectivity emissions.
According to the ITU (2020), about two-thirds of the total GHG emissions from digital
connectivity networks are from mobile networks. According to BEREC (2022), more
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than half of GHG emissions stem from mobile networks. The overall share of mobile
networks is expected to grow in the coming years because of an increase in the number
of telecom towers as well as energy efficiency gains in the fixed broadband sector thanks
to the transition from copper to fiber.*

Several industry sources have found that energy consumption is one of the highest
operating costs for mobile network operators (MNOs), representing as much as a quar-
ter of their total operating expenses (GSMA 2019). Most of this electricity is consumed
by the link network (radio access network, RAN) made up of rooftops and towers
because several equipment and cooling facilities are required to operate a mobile site
and because much less energy is used in transporting data over the core network
(Observatorio Nacional 5G 2021; Telecom Lead 2020). The size of the radio access net-
work can also be significant, ranging from a few hundred mobile sites for small MNOs
to tens of thousands of mobile sites (even several hundred thousand) for bigger MNOs.
MNOs are enjoying positive trends in energy efficiency. Although network data traffic
increased by 31 percent in 2021, total electricity use grew only by 5 percent (GSMA
2022a). Similarly, for European telecom network operators holding 36 percent of
European subscriptions, the electricity consumption per subscription remained stable
from 2010 to 2018 (about 30 kWh per subscription), although data traffic grew 12 times
over the same period (Lundén et al. 2022).

Because of the importance of the energy consumption of (mobile) wireless networks
compared with that of (fixed) wireline networks, one proxy indicator for assessing
the regional breakdown of the GHG emissions of mobile networks is number of mobile
sites deployed. Based on TowerXchange data compiled by the International
Finance Corporation (IFC) and TowerXchange in 2019, there were about 4.8 million
mobile sites worldwide (table 2.1).1> With more than 2.4 million mobile sites, the East
Asia and Pacific (EAP) region had 50 percent of the global total. With 1.96 million
mobile sites, China accounted for more than 80 percent of EAP’s total. South Asia, with
some 700,000 sites (14 percent), held second place worldwide. North America and
Western Europe collectively owned about 800,000 sites. Finally, Europe and Central
Asia (ECA), Latin America and the Caribbean (LAC), the Middle East and North
Africa (MENA), and Sub-Saharan Africa (SSA) account for the remaining 19 percent
of the global number of mobile sites.

There are significant differences among countries in the quality of energy solutions
provided to power mobile sites (table 2.1). At the global level, some 87 percent of
mobile sites are connected to an electrical grid that is of acceptable quality (no or few
power outages, and typical power outages last less than eight hours). An additional
9 percent are connected to a “bad” electrical grid (frequent power outages last eight
hours or more). Finally, a remaining 3 percent of the global number of sites (about
165,000)—but 33 percent in Sub-Saharan Africa—are not connected to an electrical
grid and rely on an off-grid power solution (usually a diesel generator). Even within
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TABLE 2.1 Mobile Sites and Quality of Power Solutions: Global Distribution, 2019

Country/region Total mobile sites Share of total Grid quality (%)
(towers/rooftops, (%) Goodgrid  Badgrid  Off-grid
thousands)

EAP (China included) 2,420 50 93 6 2
China 1,968

South Asia 698 14 68 26 6
North America 430 9 100 0 0
Western Europe 366 8 100 0 0
ECA 321 7 90 8 2
MENA 217 5 86 1 4
LAC 195 4 85 13 3
SSA 175 4 35 34 88
TOTAL 4,822 100 87 9 3

Source: International Finance Corporation mapping based on TowerXchange data: TowerXchange (dashboard), https://www.towerxchange.com/.

Note: EAP = East Asia and Pacific; ECA = Europe and Central Asia; LAC = Latin America and the Caribbean; MENA = Middle East and North Africa;
SSA = Sub-Saharan Africa. For grid quality, some numbers may not sum to 100 because of rounding.
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each region, the situation varies greatly between countries. For example, in Sub-Saharan
Africa at least 80 percent of the sites in Cote d’Ivoire, Kenya, and South Africa are
connected to a good grid, compared with less than 10 percent for Nigeria (figure 2.9).

Adding to the complexity, relying on bad grid or off-grid does not necessarily
imply a larger GHG emission footprint because mobile sites can be connected to
either a renewable source of energy (such as solar panels) or a fossil fuel source of
energy (such as diesel generators). According to a recent study by the GSMA (2020b),
about 88 percent of the oftf-grid and bad grid sites run on diesel generators, and the
remaining sites—about 70,000 mobile towers—are powered by a renewable source of
energy (mostly solar panels). The GSMA estimates that there was an increase of
45 percent in sites powered by a renewable source of energy between 2014 and 2019,
with the bulk of the progress made by India. In total, the GSMA estimates that emis-
sions from diesel generators at mobile towers are 7 MtCO,e'¢ (down from 9.2 MtCO,e
in 2014), with some 27 percent of these emissions originating from Nigeria, followed
by the MENA region and Sub-Saharan Africa (except Nigeria), each representing
about 15 percent of the global GHG emissions from diesel generators for mobile tow-
ers (table 2.2). South and Southeast Asia (India excluded) account for 13 percent, and
India accounts for 12 percent of the emissions by diesel-powered mobile towers.

The International Finance Corporation estimates that between 2019 and 2030 the
total number of mobile sites will increase by about a third. Sub-Saharan Africa will
likely show the greatest growth in sites, more than a doubling (from 175,000 mobile
sites in 2019 to 369,000 in 2030), followed by the LAC region (a 69 percent rise),
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FIGURE 2.9 Estimated Breakdown of Towers by Grid Condition: Sub-Saharan Africa, 2017
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Source: BloombergNEF and Facebook 2018. BNEF estimates are compiled from various sources and company interviews.
Note: Total tower counts are shown (2017). Due to rounding, numbers may not total 100.

TABLE 2.2 Global Distribution of GHG Emissions from Diesel Generators Powering Mobile Sites, 2020

Country/region GHG emissions (MtCO,e) Share of total (%) Growth, 2014-20 (%)
Nigeria 1.90 27 9

MENA 1.07 15 -2

SSA (except Nigeria) 1.04 15 7

South and Southeast Asia (except India) 0.93 13 -18

India 084 12 s
China 0.46 7 31

LAC 0.32 5

Rest of the world 0.46 6 -
TOTAL 1.02 100 -24

Source: GSMA 2020b.

Note: GHG = greenhouse gas; LAC = Latin America and the Caribbean; MENA = Middle East and North Africa; MtCO,e = megatonnes of carbon
dioxide equivalent; SSA = Sub-Saharan Africa.

and the MENA region (a 65 percent rise). By 2030, the overall combined shares of the
ECA, LAC, MENA, and SSA regions are forecast to rise from 19 percent in 2019 to
24 percent of total mobile sites (table 2.3). The breakdown of power solutions (between
good, bad, and off-grid) within each region is expected to slightly improve, but with no
major changes.

Although the data on the power solutions used by mobile network operators and
the related GHG emissions are limited, analysis suggests that the EAP region domi-
nates global energy consumption by mobile networks (using the total number of sites
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TABLE 2.3 Mobile Sites and Power Solutions: Global Distribution by 2030

Country/region  Total mobile sites Share of Grid quality (%) Increase,
(towers/rooftops, total (%)  Good grid  Bad grid Off-grid  2019-30 (%)
thousands)
EAP (China included) 3,034 48 94 5 1 25
South Asia 857 13 7 26 3 23
North America 516 8 100 0 0 20
Western Europe 439 7 100 0 0 20
ECA 460 7 94 4 2 43
MENA 357 6 90 7 5 65
LAC 330 5 91 7 2 69
SSA 369 6 45 31 25 m
TOTAL 6,362 100 88 8 2 32

Source: International Finance Corporation estimates based on data from TowerXchange.

Note: The IFC and TowerXchange study does not cover North America and Western Europe (shown in italics). EAP = East Asia and Pacific;
ECA = Europe and Central Asia; LAC = Latin America and the Caribbean; MENA = Middle East and North Africa; SSA = Sub-Saharan Africa. Due
to rounding, numbers may not total 100.
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per region as an indicator). The EAP region has about half of the mobile towers
deployed worldwide. South Asia, North America, and Western Europe account for
about 30 percent of total energy consumption. Finally, energy consumption by mobile
networks attributed to the ECA, LAC, MENA, and SSA regions represents about a
20 percent share worldwide. Advances in off-grid energy and battery technology
for transmission infrastructure may have a significant impact on reducing
GHG emissions.

The introduction and expansion of new generations of mobile network systems that
are more energy-efficient could reduce emissions as well. Upgrading (shutting down)
2G and 3G networks would reduce the energy consumption per bit of data, but the final
effects on emissions will depend on the volume of data as well. It is unclear whether the
introduction of fifth-generation (5G) mobile networks may also increase the direct
GHG emissions of digital infrastructure (Polytechnique Insights 2022). On the one
hand, 5G is hailed as a technology that is more energy-efficient than previous genera-
tions such 4G (fourth-generation). On the other hand, the multiplication of 5G devices
(such as Internet of Things devices) could, in turn, increase data consumption and thus
overall energy consumption. Moreover, because 5G promises to greatly increase band-
width per user, there may also be a rebound effect with the additional use of data thanks
to the better quality of service. Finally, extra GHG emissions could stem from the
decommissioning of previous mobile systems and the production and installation of
the new equipment required for 5G.

It is too early to have a clear idea of the impacts of 5G, but several studies point to
growing emissions and possible enabling effects to reduce emissions in other sectors.
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In France, for example, the Haut Conseil pour le Climate (High Council on Climate,
HCC), an independent body tasked with issuing advice and recommendations to the
government to reduce France’s greenhouse gas emissions, studied different scenar-
ios, all of which suggested that the deployment of 5G will result in a significant
increase in the direct GHG emissions by the ICT sector. Specifically, 5G would
increase GHG emissions by 2.7-6.7 MtCO e in 2030, up from 15 MtCOe in 2020,
mainly because of the increase in the number of objects connected to the network
(Haut Conseil pour le Climat 2020). Zain, the Kuwait-based telecommunication
group, found that 5G increased energy and emissions in its countries of operation
(Bahrain, Kuwait, and Saudi Arabia) where the technology has been deployed (Zain
2021). In Jordan, Orange has been accelerating use of solar energy as it anticipates
that electricity consumption will increase by three times upon the introduction of
5G (Orange 2021). Although the evidence points to increased electricity use from 5G
networks, there is also the potential for 5G to enable other sectors to reduce emis-
sions through smart electricity networks and intelligent transportation systems (see
chapter 4). According to Ericsson research, 5G and other network solutions can
enable a reduction of global carbon emissions by up to 15 percent by 2030 (MIT
Technology Review Insights 2021).

The choice of data transmission technology seems to affect the level of emissions.
Copper cabling in fixed networks typically consumes more energy than its fiber
counterparts (Huawei 2022). According to analysis by the Germany’s Federal Ministry
for the Environment, Nature Conservation and Nuclear Safety (2020), high defini-
tion (HD)-quality video streaming generates different levels of emissions, depending
on the transmission technology. HD video streamed over a fiber-optic connection
produces the lowest emissions: only 2 grams (g) of CO, per hour of video streaming
for the data center and data transmission, excluding electricity used by the end user
device. A copper cable (VDSL) generates 4 g per hour, while 3G mobile networks
generate 90 g of CO, per hour. For the German study, 5G generates only about 5 g of
CO, per hour. Low-income economies, because of the higher prevalence of 2G/3G
subscriptions than fiber, copper cable, or newer generations of mobile networks, have
higher emissions per subscription compared with high-income economies. However,
upgrading to the latest digital technology will influence cost, thereby limiting afford-
ability and uptake.

Finally, companies” decisions on sources of energy affect emissions as well. Some
operators have committed to specific targets for renewable energy. Vodafone, for exam-
ple, reached the milestone of 100 percent renewable electricity in Europe, including
Turkey (now Tiirkiye) in 2021 (Vodafone 2021). Telefénica has done the same in
Europe, Brazil, and Peru.” Orange is aiming for 50 percent renewable electricity by
2025. Furthermore, some network communication equipment suppliers of telecom-
munication companies use renewable energy significantly—for example, Cisco,
76 percent, and Ericsson, 52 percent—contributing to lower emissions.
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Data Management Infrastructure (Data Centers)

A data center is a physical facility that any public or private organization can use to
house its online applications and data. It hosts all the digital equipment required to
store, share, and process data and applications such as servers, routers, and switches. A
typical data center is about 10,000 square meters (m?) in size, and the largest data center
in the world is about 600,000 m? (equivalent to the area occupied by the Pentagon or
nearly 85 soccer fields).”®

Data centers consume massive amounts of energy to run servers, network equip-
ment, lighting, air distribution fans, and cooling systems. They typically operate 24/7.
Except for servers, the useful life of their equipment exceeds 10 years, making energy
consumption the main source of emissions in this segment (figure 2.10). 2

With the evolution of cloud computing and the expansion of data-intensive applica-
tions (such as video streaming, cloud gaming, and blockchain for crypto assets), the
number and capacity of data centers have grown exponentially. The International
Energy Agency (IEA) estimates that data center workloads increased by more than
260 percent between 2015 and 2021 and that energy use, including for cryptocurrency
mining,® rose by more than 50 percent (IEA 2022). In fact, data centers use more
energy than entire countries (figure 2.10, panel b).

Despite the expanded use of data centers, energy use has grown moderately, and
emissions have grown even less or have declined in some countries because of the use of
renewable energy. Masanet et al. (2020) find that, despite sixfold growth in global work-
loads, the electricity consumption of data centers remained stable at about 205 TWh a
year in 2020 (figure 2.10). This apparently surprising result is explained by greater server
efficiencies, more server virtualization, the transition of traditional data centers to the
cloud, and overall declines in power usage effectiveness (PUE) with improvements in

FIGURE 2.10 Data Center Energy Use, Magnitude and Trends

a. Internet traffic and data center b. Domestic energy consumption of selected
energy use compared with 2010 countries versus data centers (terawatt-hours)
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cooling and power supply systems. Similarly, the World Development Report 2021: Data
for Better Lives estimates that, although the global data traffic doubled between 2015 and
2018, the associated electricity consumption for data centers increased by only 16 percent
over the same period, reaching 231 TWh a year in 2018 (World Bank 2021). The report
explains this decoupling by citing huge gains in energy efficiency, and also by a technical
shift from smaller data centers to more efficient larger ones, particularly among some of
the bigger players in China, Japan, and the United States (World Bank 2021). The IEA
(2022) also highlights the slow growth of energy use by data centers in general, except for
cryptocurrency mining. Use went from 4 TWh in 2015 to 100-140 TWh in 2021, and for
small economies hosting new data center capacity such as Denmark and Ireland, data
center consumption represents 7 percent and 14 percent, respectively, of the country’s
electricity use. Several tech companies, including data centers and cloud service provid-
ers, are members of RE100, a global initiative of companies committed to 100 percent
renewable electricity.?> By means of direct energy purchases from renewable energy
sources, compensation for emissions, and location in countries with a cleaner energy
mix, data centers have further limited their impact on emissions.

To perform regional breakdowns, analysts approximate GHG emissions by looking
at data centers’ electricity consumption (figure 2.11, panel b). However, it is difficult to
estimate regional breakdowns of GHG emissions based on electricity consumption.
The exercise depends on various factors, including the energy mix of the power supply
systems used locally by data centers and their related GHG emissions. As for the
regional distribution, there has been no major shift in the regional breakdown of elec-
tricity consumption by data centers, with North America accounting for about
40 percent, followed by Asia (about 30 percent) and Western Europe (about 20 percent).
Meanwhile, the location of data centers and thus the site of energy consumption do not
overlap neatly with the location of users.

FIGURE 2.11 Data Centers Compute Instances and Energy Usage, by Region

a. Global data center compute instances, b. Data center electricity use, by region
2010 and 2018
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Source: Masanet et al. 2020.

Note: Compute instance is a virtual server in a cloud computing environment. CEE = Central and Eastern Europe; LA = Latin America;
MEA = Middle East and Africa; TWh = terawatt-hour.
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Because the regional breakdowns of GHG emissions of data centers are likely highly
aligned with electricity consumption, North America, Asia and Pacific, and Western
Europe will continue to account for the majority of emissions by data centers (figure 2.11,
panel b). According to the International Energy Agency, the overall electricity con-
sumption of data centers is not expected to increase significantly in the next two years
thanks to the ongoing improvements in energy efficiency and increased use of renew-
able energy sources.> Other indicators confirm these breakdowns and trends. The
United States, China, Japan, and a handful of countries in the Organisation for
Economic Co-operation and Development (OECD) still own the majority of the “large
data centers,’® and these countries represent the bulk of data center IT investments
(figure 2.12). In addition, a forecast of data center revenues up to 2023 shows that no
major regional changes are expected at the global level (figure 2.13).2*

Data are lacking on cross-border access to data center services—that is, when the
demand for data center services in one country originates from outside of that country.
However, analysis of the global internet bandwidth used from region to region
(table 2.4) indicates that the wealthiest regions capture the bulk of the global data
exchanges. The biggest international region-to-region internet routes are the intra-
European , which represented about 1,100 terabits per second (Tbps) in 2020, or half of
the total international routes (about 2,100 Tbps).> Those routes were followed by the
Europe to North America route (355 Tbps, or 17 percent of the total international
routes) and the intra-Asia to Asia route (153 Tbps). For comparison, the total interna-
tional internet routes originating from Africa (including the intra-Africa to Africa
routes) accounted for only 26 Tbps in 2020 (the majority of which were Africa to
Europe routes). For 2027, it is estimated that the total bandwidth for internet routes will
increase by nearly tenfold to reach 17,400 Tbps. However, no major changes are

FIGURE 2.12 Global Distribution of Large Data Centers and Data Centers’ Investment in
Information Technology (IT), 2019

a. Distribution of large data b. Global data centers’ IT investment
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Source: Sai Industrial, Global and China Data Center Market, https://www.saiindustrial.com/global-and-china-data-center-market/, 2020.
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FIGURE 2.13 Forecast of Revenue Market Share of Regional Data Centers, 2023
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Source: GlobalData 2019.

TABLE 2.4 Top 10 Region-to-Region International Bandwidth Routes, 2020 and 2027

Route Bandwidth (Thps)
2020 2027
Europe—Europe 1,102 8,706
Europe—United States and Canada 355 2,697
Asia—Asia 197 1,741
Asia—United States and Canada 153 1,871
Latin America—United States and Canada 87 732
Europe—Middle East 44 318
Asia—Europe 40 395
United States and Canada—United States and Canada 31 216
Africa—Europe 21 334
Latin America—Latin America 17 139
All other region-to-region routes 31 328

Source: TeleGeography, https://www2.telegeography.com/.
Note: Thps = terabits per second.

expected in the regional breakdown. Meanwhile, the higher demand for low-latency
(small delay time) computing will boost the demand for edge data centers (those
located close to the edge of a network—closer to end users and devices) and smart-
phones with greater computing capabilities, potentially affecting the importance of
international data transmission.

End User Devices

Globally, more than 50 percent of emissions in the ICT sector are attributed to end user
devices. The electricity consumption of devices is only a subset of GHG emissions;
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the manufacture of end user devices can account for more than half of total GHG emis-
sions by the devices (Malmodin and Lundén 2018).2

Devices such as computers and mobile phones are essential for using the services
produced by the ICT sector. Understanding the emissions of these devices is thus
important for seeing a more complete picture of the ICT sector’s carbon footprint. Most
of the largest device manufacturers publish GHG emissions as well as detailed life-cycle
assessments. For example, Apple calculates emissions for each of its products. Life-
cycle emissions for the company’s iPhone declined by 19 percent between 2017 and
2021 (figure 2.14, panel a). An iPhone 13 (128 GB of storage) generates 79 kilograms of
carbon dioxide equivalent (kgCO,e) during its lifetime. The production phase gener-
ates over 80 percent of the emissions (51.84 kgCO,e) of an iPhone, whereas its use
generates 10.24 kgCO,e (16 percent) of emissions over its lifetime (figure 2.14, panel b).

The emissions from companies producing the two key user devices in the ICT sec-
tor, computers and smartphones, are concentrated in a few enterprises. Among compa-
nies accounting for over four-fifths of computer sales in 2020 (IDC 2022a) and about
half of smartphone sales (IDC 2022b), Samsung and Apple stand out, as well as Dell,
Hewlett-Packard (HP), and Lenovo (table 2.5). Six companies in the personal com-
puter industry account for 83 percent of total shipments. All provide a complete GHG
inventory, including supply chain emissions (Scope 3, Category 1, Purchase of Goods
and Services). For 2020, Scope 1 and 2 location-based emissions are estimated at
1.2 million tCO,e and electricity use at 2.5 TWh for the companies in this industry. For
smartphones, supply chain emissions are estimated at 44.6 million tCO,e. For 2020,

FIGURE 2.14 Life-Cycle GHG Emissions of an Apple iPhone

a. Emissions, four generations of iPhone (kgCO,e) b. Emissions by phase, iPhone 13 (kgCO,e)
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Source: Apple Product Environmental Reports, https://www.apple.com/environment.
Note: Panel a: iPhone storage is expressed in gigabytes (GB). GHG = greenhouse gas; kgC0,e = kilograms of carbon dioxide equivalent.
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TABLE 25 GHG Emissions, Consumer Device Hardware Companies, 2020

Company Headquarters Shipments Scopes 1and 2 Scope 3,
(millions) Emissions Energy Category 1
Location- Market-  Electricity Renewable (Ecpze,
based (tC0O,e, based (tCO,e, (TWh) energy (%) millions)
millions) millions)
Computers
Lenovo Hong Kong SAR, 72 0.18 0.03 0.30 1 2.28
China
HP United States 68 0.25 0.17 0.50 40 26.40
Dell United States 50 0.41 0.22 1.00 54 3.75
Apple United States 23 0.09 0.05 0.20 100 3.4
Acer Taiwan, China 21 0.02 0.01 0.03 54 0.04
ASUS Taiwan, China 18 0.02 0.02 0.04 0 0.86
Subtotal 251 0.97 0.50 2.04 49 36.75
Other 52 0.20 0.43 7.86
Total 304 117 2.47 44.61
Smartphones
Samsung Korea, Rep. 257 0.89 1.61 18 14.01
Apple United States 203 0.85 0.05 2.34 100 111
Xiaomi China 148 0.03 0.03 0.05 8.56
Subtotal 608 1.78 0.08 3.99 33.68
Other 673 1.97 443 37.16
Total 1,281 3.74 8.42 70.84

Sources: Digital Inclusion Benchmark (dashboard), World Benchmarking Alliance, https://www.worldbenchmarkingalliance.org/digital-inclusion
-benchmark/; World Bank estimates.

Note: This group falls in the International Standard Classification of All Economic Activities (ISIC) under 2620 Manufacture of computers and
peripheral equipment and 2640 Manufacture of consumer electronics. The group averages for emissions per shipment for those reporting data
have been applied to establish the overall estimates. Samsung and Apple estimates are based on smartphone shipments relying on life-cycle
emissions reported by Apple, which is a higher estimate than Samsung's. GHG = greenhouse gas; tCO,e = tonnes of carbon dioxide equivalent;
TWh = terawatt-hours.

Scope 1 and 2 location-based emissions are estimated at 3.7 million tCO,e and electric-
ity use at 8.4 TWh for the companies in this industry. Supply chain emissions are
estimated at 70.8 million tCO e (Minges, Mudgal, and Decoster, forthcoming).

The distribution of emissions derived from the use of devices by region can be
approximated by the number of devices, with the caveat that more recent models are
expected to be more energy-eflicient than older ones (most prevalent in low-income
economies). According to the industry association GSMA, there are currently about
8 billion active mobile phones in the world, with many individuals owning more than
one mobile phone due to the multi-SIM (subscriber identity module) phenomenon?
(table 2.6). More than half of the total number of mobile phones is concentrated in
Asia, with 4.3 billion phones in 2020, followed by Africa with more than 1.1 billion
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TABLE 2.6 Mobile Phones and Smartphones: Global Distribution, 2020 and 2025

a. Mobile phones

b. Smartphones

Region Total mobile phones Share of total (%) Region Total smartphones Share of total (%)
(millions) (millions)
2020 2025 Five-yearincrease Five-year 2020 2025 Five-yearincrease Five-year
(millions) increase (%) (millions) increase (%)

Asia (including China) 4,320 4,715 395 9 Asia (including China) 3,015 4,023 1,008 33
Africa 1,152 1,381 229 20 Africa 576 899 323 56
Europe 971 983 12 1 Europe 743 830 87 12
LAC 663 751 88 13 LAC 476 605 130 27
MENA 525 580 55 " MENA 350 471 121 35
North America 382 404 23 6 North America 3N 347 35 "
Oceania 45 48 4 8 Oceania 35 43 8 23
(China) 1,599 1,688 89 6 (China) 1,156 1,501 345 30
TOTAL 8,057 8,863 806 10 TOTAL 5,505 7,218 1.7113 3
Region Total mobile phones Region Total smartphones

(breakdown) (breakdown)

2020 2025 2020 2025

Asia (including China) 54 53 Asia (including China) 55 56
Africa 14 16 Africa 10 12
Europe 12 " Europe 13 "
LAC 8 8 LAC 9 8
MENA 7 7 MENA 6 7
North America 5 5 North America 6 5
Oceania 1 1 Oceania 1 1
TOTAL 100 100 TOTAL 100 100

Source: GSMA Intelligence.

Note: LAC = Latin America and the Caribbean; MENA = Middle East and North Africa. Numbers may not total 100 due to rounding errors.
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phones and Europe with more than 970 million phones. The remaining regions—LAC,
MENA, North America, and Oceania—collectively have around 1.6 billion active
phones, which represent approximately 20 percent of the total.

The GSMA also forecasts that the total number of phones will increase globally by
about 10 percent between 2020 and 2025. Looking solely at smartphones reveals some
differences. An estimated 5.5 billion smartphones are currently being used worldwide
and will likely reach 7.2 billion by 2025—a 31 percent increase over the period. This
increase reflects the replacement of basic phones by smartphones in mature markets, as
well as the growth of new users in developing markets such as in several parts of Asia
and Africa.

Considerations for the Future

Several factors will affect GHG emissions from the ICT sector in the future. In addition
to the greater energy efficiency of devices, equipment, and digital infrastructure, the
use of new technologies that generate bigger volumes of data or need to use multiple
devices will affect emissions as well.

Several new technologies being deployed or under development will have an influ-
ence on future GHG emissions of the digital economy. Although these technologies
have important enabling effects on climate mitigation and adaptation across the global
economy, they can also boost emissions in the ICT sector:

» Increased connectivity. More and more products are appearing on the market
with interconnectivity features (such as the Internet of Things) that will increase
the amount of data transfer in networks (even though there has been rising
decoupling between energy consumption and data consumption over the last
few years) and energy consumption during active and standby modes. In indus-
trial setups, digital twin technology is increasingly being used to digitally simu-
late the real-time operation of a process, relying on a growing number of sensors.
Its higher communications with servers for continuous simulations produces
higher data traffic. As machine-to-machine (M2M) communications increase,
data transfers will as well.

»  5G mobile network technology. Progressively, telecom operators are moving from
4G to 5G technology. Although this latest technology is more energy-efficient
per unit of data, a higher volume of data and use of the underlying network
infrastructure and data centers—a rebound effect—could result in higher emis-
sions. For example, in France it could increase the current GHG emissions by
1-2 percent (Haut Conseil pour le Climat 2020).

»  Blockchain technology. Energy consumption and thus the GHG emissions of
blockchain technology applications such as cryptocurrency is a hot topic in
academic and policy circles. As a decentralized algorithm, blockchain generates
high levels of replication and redundant computation, especially when based
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on “proof of work” In fact, a single cryptocurrency transaction can generate
473 kgCO,e in emissions, or about the same emissions produced by 23 house-
holds in one day (Freitag et al. 2020). The use of energy for cryptocurrency has
increased significantly, although providers claim that the transition to “proof of
stake” is expected to cut it by 99 percent (Beekhuizen 2021).

» Artificial intelligence (AI) and big data. Al and data science drive growth in data
storage and processing. Training algorithms and deep learning require more
computational capacity because of their complexity, and higher model accuracy
implies more energy use (Kaack et al. 2022).# Estimations vary widely, from
4.5 kg of CO, for a typical case of model training to as much as 284,019 kg for
one natural language processing algorithm (Freitag et al. 2020). As Al is applied
across sectors, such as for autonomous driving, it will affect the GHG emission
trends from the ICT sector. On the one hand, Al/big data/machine learning
could bring efficiency to computing. However, it could also lead to increases in
data transfer.

Consumer behavior and the patterns of use of digital technologies are evolving.
During the latter years of the COVID-19 pandemic, the world saw the growing use of
digital tools because of mobility restrictions. Teleworking has also led to greater use of
VPNs (Virtual Private Networks), which leads to increases in data transfers. In addition
to the increase in working from home, this period has seen a significant shift in user
behavior, such as the surge in online activities, including shopping, leisure, and learn-
ing. A shift from enterprise to home networks and heavier use of broadband internet
have also been observed. With the greater dependency on digital devices and the arrival
of newer technologies such as 5G and IoT, faster replacement of end user devices is also
occurring, leading to an overall increase in the GHG emissions of the sector.

Conclusion

Although precise estimates of emissions by the sector are elusive, further digitalization
is expected to boost emissions at a rate that is not enough to contribute to the Paris
Agreement’s goal. Both digital connectivity infrastructure and data infrastructure are
equally important to reduce emissions and green the digital economy. Furthermore,
devices are even more important as a share of emissions, calling for action, including
greater energy efficiency and circularity for devices. Increased use of digital solutions
acts as an enabler in reducing GHG emissions in several sectors. However, the direct
emissions of the ICT sector are still a concern as digitalization deepens and digital
divides close. The relationship between segments of the sector is complex, and the
uptake of several new technologies adds further to the difficulty of precisely projecting
the emissions pathways. That will require public policies that take into account the
technological and behavioral elements in a specific country context to ensure sustain-
able and inclusive development of the digital sector.
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Expanding the Use of Renewable Energy and Using
Energy More Efficiently

Emissions from the digital economy can be mitigated through greater energy efficiency
and the use of renewable energy for the provision of digital connectivity, applications,
and devices (supply side), coupled with adjusted consumer behavior that limits rebound
effects (demand side).*® Ultimately, reducing emissions along the digital value chain
will depend on making greater use of renewable energy to generate the electricity that
powers the ICT sector and on improving energy efficiency through new technologies,
better processes, and better design of equipment. Both the public and private sectors
have important roles to play in achieving green goals. Interventions can occur at the
policy and regulatory levels (including self-regulation), at the technical and engineer-
ing levels for the provision of services, and at the consumption level (user practices).
This section describes examples of interventions along the value chain, although the
effectiveness of those interventions has not yet been evaluated. Because of the differ-
ences in digitalization, digital infrastructure characteristics, electricity system charac-
teristics, and consumption of digital services, certain policies may be more relevant to
developing economies. This section provides guidance on key elements to consider for
greening digital in low- and middle-income countries along various elements of the
value chain.

Shrinking the Carbon Footprint of Digital Connectivity Infrastructure
(Telecommunication Networks)

Reduction of emissions along the digital connectivity value chain, from first mile to last
mile, should consider both energy efficiency and the use of renewable energy. Studies
such as that by BEREC (2022) have found that network operations account for about
90 percent of emissions, mostly generated by the access network (70-80 percent). In
high-income economies, mobile and fixed networks have a similar contribution to
emissions. However, because of the prevalence of mobile data connections in low- and
middle-income economies, actions to green mobile networks may be more relevant in
the short term.

Operators can take various actions to limit their carbon footprint during infrastruc-
ture deployment, operation, and decommissioning along the value chain (first, middle,
and last mile). During network deployment, sharing existing physical infrastructure
(duct, poles, and masts) and microtrenching® for fiber deployment, as well as recycling
or reusing customer premise equipment, would reduce the carbon footprint. In the
operations phase, measures might include replacing less efficient technology (for
example, copper with fiber or using new generations of mobile networks), optimizing
energy efliciency for networks (such as energy switch-off, sleep and wake cycles, and
optimal routing), and using more energy-efficient cooling techniques for servers.
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For decommissioning, recycling, reuse, or resale of equipment would also reduce life-
time emissions of equipment. As a study of European countries shows, these techniques
are used to different degrees across operators (figure 2.15). Mobile operators are using
artificial intelligence, machine learning, and virtualization to optimize power use
(GSMA 2022b). The impact of spectrum-related factors on energy consumption have
not yet been studied, such as the effects of the frequency used (which has implications
on the number of base station sites and possibility of sharing), the use of small cells, and
antenna configuration and modulation. To green submarine cables, the introduction of
high-efficiency fiber-optic cables, optimized used of existing cables, and improved
maintenance and installation practices are also being explored. In general, energy-
efficiency solutions are a win-win for the sector because they can limit emissions
while contributing to operational savings in the medium term, but there are some
trade-offs.

Decisions on greening digital networks come with some trade-offs (WIK-Consult
and Ramboll 2021) that should be evaluated at the country level, especially about any
socioeconomic effects that might affect inclusion. For example, in one trade-oft some
technologies can be more efficient per bit of data, but encouraging these technologies

FIGURE 2.15 Sustainable Initiatives Noted by Mobile Operators in Europe
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would conflict with the principle of technological neutrality. In another, improvements
in data transmission quality could also result in additional data consumption, reducing
the effects of energy efficiency on emissions. And in another trade-off, actions to reduce
energy use could have effects on quality of service if, for example, restrictions are placed
on video resolution to restrain bandwidth. Two trade-offs that are very relevant to
LMICs are infrastructure sharing versus competition and financial costs versus
emissions.

Infrastructure sharing for active and passive elements could help reduce energy use
during deployment and operation, but it may clash with the objective of promoting
competition between service providers. As a result, it could affect the prices and ser-
vice bundles offered to consumers and reduce affordability and uptake. In markets
where there is limited competition and operators control bottleneck infrastructure
such as passive infrastructure and backbone networks, infrastructure sharing can
dampen incentives to compete and facilitate coordination. Therefore, the appropriate
conditions or regulations would be needed to safeguard competition and facilitate
infrastructure sharing at the same time. Independent tower companies could be an
option to facilitate sharing and reduce emissions while limiting competition issues,
unless tower companies become dominant operators. Helios Towers, which operates
in several African countries, estimates that two tenants reduce average emissions per
tenant by 41 percent, three tenants by 50 percent, and four tenants by 58 percent
(Helios Towers 2021). Estimates indicate that infrastructure sharing of active elements
can significantly reduce energy consumption and therefore imply a reduction in emis-
sions (figure 2.16). The baseline carbon emissions for all 4G sites using a wireless back-
haul® is estimated to be 5.2 kt for 30 gigabytes (GB) per month per user, but the
amount can be reduced by 37 percent when using an active sharing approach. A shared
infrastructure business model only in rural areas leads to a 19 percent CO, reduction
(Oughton et al. 2023).

Finally, a very relevant trade-off applies to LMICs, where there are important
coverage and usage gaps. Some of the technologies that are more energy-efficient per
unit of data are costlier to deploy, but they also lead to more usage and, in turn, more
emissions. Adopting more energy-eficient technologies would have direct effects on
prices and therefore uptake of digital technologies, especially for the poorest. In coun-
tries such as Switzerland, studies find that upgrading to 5G has increased usage even
at higher consumer prices, but this finding may not apply to low-income consumers,
and it can also be linked to more emissions. In LMICs, simulations reveal that the
most cost-efficient alternative for delivering certain capacity at peak time or volume of
data per month is a 4G access network with wireless backhaul (although the caveat is
that not all users will have more expensive 5G enabled smartphones, leaving some
users unconnected). The cost of delivering a 5G access network with a fiber backhaul
(for the same capacity and data volume) would be higher. For example, in Colombia,
assuming no change in data volumes, the cost of achieving universal broadband access
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FIGURE 2.16 Total Cellular Site CO, Emissions over 2020-30, by Infrastructure Sharing
Strategy and Country Income Group
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Source: Qughton et al. 2023.

Note: Interval bars reflect low and high adoption scenarios (0.5 percent and 6 percent adoption CAGR [compound annual growth rate] depending
on country income group and scenario, respectively) for 30 gigabytes per month of data consumption by subscription. Active refers to active radio
access network (RAN) sharing. F = fiber backhaul; MtCo, = megatonnes of carbon dioxide; SRN = single rural network; W = wireless backhaul. The
emission effects of deployment and operation of passive infrastructure are not simulated.

would be 18 percent higher using 4G and fiber, than using 4G with wireless backhaul,
although CO, emissions would be lower—24 percent less when deploying 4G with
fiber backhaul compared with 4G with wireless backhaul (figures 2.17 and 2.18).
However, this could only be achieved if consumers were willing and able to pay for
more expensive 5G devices, otherwise this could lead to deepening the digital divide.

Carrying operations with greener electricity are an important option to limit emis-
sions. Various digital infrastructure operators have taken steps to procure more renew-
able energy or self-generate electricity from renewable sources such as solar and wind.
According to the GSMA (2022a), the share of electricity from renewable sources increased
from 14 percent in 2020 to 18 percent in 2021. Even for submarine cables, alternatives
such as use of onshore electrical grids to power ships while in port for operation and
maintenance, installation of solar panels, and use of more fuel-efficient ships are being
explored, together with renewable sources of energy for cable landing stations.
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FIGURE 2.17 Financial Cost of Universal Broadband, by Technology, 2023-30
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Note: Baseline scenario considering 2 percent adoption CAGR (compound annual growth rate) for 30 gigabytes (GB) per month of data consumption by
subscription. 4G = fourth generation; 5G = fifth generation; F = fiber backhaul; W = wireless backhaul.

FIGURE 2.18 Cumulative Cellular Site Emissions, by Technology, 2023-30
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MtCO, = megatonnes of carbon dioxide; W = wireless backhaul.
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Green Digital Transformation

Companies in the ICT sector are working to reduce their operational and some-
times their entire upstream and downstream GHG emissions in various ways. Among
other things, they are setting targets for reducing emissions, helping suppliers to reduce
emissions and transition to green energy, working with the energy sector to increase
renewable options, and funding initiatives for carbon removal. Some operators have
committed to specific targets on renewable energy. For example, Vodafon