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Abstract

The world-wide expansion of cloud services has not only made enormous computing power affordable
but also has caused an astronomical increase in consumption of electricity and carbon emissions. With
the push by countries and industries to achieve the net-zero outcomes, the environmental impact of the
cloud infrastructure is an important task to reduce. The reviewed paper examines the concept of green
cloud computing along various lines, including technologies and practices that can make data centres
more energy-efficient and climate-friendly. It follows the developments of the virtualization methods,
allocation of resources, data centres that use renewable energy and new cooling systems that have been
developed to minimize the carbon footprint of cloud computing. Another aspect that the paper explores
is the approach of the major cloud providers such as Google, Amazon Web Services, and Microsoft to
sustainability, which moves them toward carbon-neutral or carbon-negative computing platforms. Along
with this, the review speaks about global environmental standards, Green Service Level Agreement,
policy frameworks which define sustainable cloud practices. A number of research gaps are established
and the paper ends by defining research opportunities and approaches that could be used to facilitate the
shift of cloud ecosystems to being environmentally responsible. All in all, it gives a clear and in-depth
picture of the technical, operation and policy routes to minimize the climate impact of the contemporary
cloud computing.
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1. Introduction

Cloud computing has become the new reality of our lives; it has served to run our online storage,
communication tools, business applications, and even emerging Al applications. The growth of data
centres around the globe has been extremely high as more individuals and businesses continue to depend
on such services. These massive structures have thousands of servers and consume plenty of electricity
not only to handle information, but also to cool these systems. Due to this, cloud computing has emerged
as a major cause of carbon emission in the world. As Al, smart devices and big data are emerging, the
energy requirements of cloud systems will continue growing. This renders the need to concentrate on
decarbonizing cloud infrastructure that is, reduce carbon emissions through renewable energy, optimize
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server performance and make resources smarter. As there are no data centres operating round the clock,
24/7, even the slightest improvements can make a huge environmental difference. This review examines
how the cloud systems can be more sustainable through implementation of energy efficient architecture,
renewable energy, and new cooling technologies. It also includes the green initiatives of such large
cloud providers as Google, AWS, or Microsoft and the ecological standards, government regulations,
and novel concepts, such as Green Service Level Agreements. The paper concludes with the discussion
of open research gaps, including the necessity to track carbon in real-time and optimize it more
functional with AI. Making cloud computing greener is not only beneficial but the need to save the
environment and achieve the goals of global climate issues.

2. Principles of Green and Decarbonized Cloud Computing

With the increased growth of cloud infrastructures, the impact of cloud computing on the environment is

also high. Green and Decarbonized cloud computing aims at minimizing this effect through the use of

energy effective, environment friendly technologies. The purpose of decarbonization is to reduce carbon

emissions with the help of optimal energy consumption, renewable energy, and sustainable cloud

architecture design, which makes cloud systems more environmentally friendly and does not negatively

affect performance.

2.1 Meaning and Concept of Decarbonized Cloud Infrastructure

The concept behind decarbonized cloud infrastructure is to work with the low carbon emissions during

its lifetime. This involves:

e Effective system design and energy usage.

e Renewable energy sources should be used as opposed to fossil fuels.

e Hardware, cooling and placement of workloads that are carbon aware.

Green cloud computing had started with cooling and efficiency of servers. Gradually, it grew to cover

the virtualization, integration of renewable energy, innovative cooling and sustainable designs of data-

centres. Cloud vendors are now releasing sustainability reports and implementing circular hardware, and

are either carbon-neutral or carbon-negative. Green cloud programs being practiced in the modern times

incorporate technology, policy frameworks and global climate commitments.

2.2 Major Environmental and Energy Issues

Cloud computing introduces flexibility and yet it poses a huge environment challenge:

o Ineffective use of resources that cause consumption of energy.

e Dependence on grids that are based on fossil fuel and a continuous updating of hardware leading to
e-waste.

e Intensive power usage by servers, storage and networks.

e (Cooling systems that consume a lot of energy.

The statistic shows the increasing problem of e-waste, which demonstrates the necessity of sustainable

hardware and its recycling.
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Figure 1:Global cloud e-waste projection (2015-2025)

2.3 Role of Cloud Providers in Universal Climate Objectives (Net-Zero, COP Commitments)
Google, AWS, Microsoft, IBM, Oracle, and Alibaba Cloud are major cloud providers and are trying to
become global net-zero. Their strategies include:

e Investing on renewable energy project and green power agreement.

Planning power saving data centres and sophisticated cooling.

e Planning workloads with the help of Al to use cleaner energy at certain times.

e Open sustainability reporting and intensive climate promises.

Under such efforts, cloud vendors do not just minimize their carbon footprint, but also establish
standards in decarbonization within the industry on a global scale.

3. Literature Review

Cloud services are being developed at an extremely rapid pace. This high rate of growth leads to high
energy use of the big data centres which directly leads to a rise in carbon emission. A vast range of
solutions based on technologies and governance has been considered to overcome such challenges,
which can be seen as a general move away at more primitive forms of energy saving methods toward
more sophisticated and carbon-aware cloud systems.

Table 1: Literature Review on Green and Decarbonized Cloud Computing

Research Area Authors Findings Key Insights
Energy Efficiency | Beloglazov et al. | These research works demonstrate | Demonstrates that
& Data Centre | (2012), Kliazovich | that an efficient way of reducing idle | efficient server

Operations

etal. (2013)

server power 1s to load more
computers on a small number of
servers. They also bring out the
contribution that cooling systems
contribute to the overall carbon

footprint of a data centre.

utilization as well as
enhanced cooling
systems are critical
towards minimizing
energy wastage.

Carbon-Aware

Google

Carbon-

Google’s model utilizes cloud loads

Demonstrates that
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Scheduling Intelligent Model | at times when the grid has cleaner | carbon conscious

energy.

computing is not a
far-fetched idea and
can generate savings
in emissions without

affecting
performance.
Virtualization & | Morabito et al. | Studies indicate containers consume | Helps reduces
Lightweight (2017),  Spillner | less resources than virtual machines | superfluous  energy
Computing (2019) and serverless computing does not | consumption and
waste energy since it only processes | streamlines and
resources when needed. simplifies cloud
environments.

Al & Machine

Xu et al. (2021)

Al can forecast the future workload

Shows the potential

Learning for accurately and can avoid over- | of predictive
Resource provisioning, as well as minimize | automation to make
Optimization wasted energy. clouds significantly

more efficient.
Renewable Shehabi et al. | Research indicates that cloud centers | Enhances the
Energy (2016), Mandal et | can be reliably powered by | significance of
Integration al. (2020), Ravi et | combining solar, wind, and battery | renewables in order
al. (2020) storage. Emissions can be cut by | to become carbon-
more than half by moving workloads | neutral cloud

to cleaner areas. operations.

Cooling Hamilton et al. | PUE can be reduced drastically by | Cooling is  among
Technologies (2018), The Green | liquid cooling and immersion | the largest energy
Grid (2019), | cooling. Free cooling may use as | expenditures, and
Microsoft Project | little as 80 percent of the energy and | these developments
Natick even underwater data centers have | can gain hugely in

been experimented. sustainability.
Environmental Patel et al. (2022), | A few of the new sustainability | Establishes standard
Governance & | ISO Standards, | indicators, such as CUE (carbon use | measurements of
Metrics Green SLAs efficiency) and WUE (water use | sustainability and

efficiency), are more accurate in
assessing impact.
Green SLAs create providers apathy
to meet their green goals.

environmental

incentivizes providers
to greener practices.

Industry Google, Microsoft, | Cloud leaders are  turning to | Demonstrates  how
Adoption AWS, IBM, | sustainability initiatives. Google says | ideas from research
Oracle,  Alibaba | it’s been carbon-neutral since 2007, | are translating into
Cloud Microsoft plans to go carbon- | practice and income
negative by 2030 and AWS is|for providers at

heavily investing in renewables. | varying rates.
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Other firms are moving that

direction too.

3.1 Green Cloud Architecture Models Overview
Green clouds consist of architectures that incorporate energy saving concepts in every element: -
o Physical Layer: Energy efficient servers, SSD storage, renewable energy and new cooling

technologies.

e Virtualization Layer: Virtual machines, containers, and serverless platforms that make use of

resources optimally.

e Management Layer: Scheduling: To reduce idle energy consumption, scheduling, consolidation,
monitoring, and auto-scaling algorithms.

These models tend to adhere to ISO 50001 models and have an efficiency measure such as PUE.

Carbon-conscious designs have been introduced to modern architectures, which take into account the

purity of the energy grid.
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Figure 2: Architecture of Green Cloud

3.2 Energy Aware Virtualization Layer
Virtualization can be used to minimize idle power consumption by executing multiple loads with a

single hardware.

Virtualization Type | Resource Overhead | Energy Savings | Use Case

Virtual Machines High Moderate Isolated apps, legacy applications
Containers Low High Microservices, cloud apps
Serverless Computing | Very Low Very High Event based, intermittentload
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Figure 3:Comparison of Traditional vs Virtualized Cloud based on various factors.
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The figure displays the improvements of both energy and resource efficiency between VMs and
serverless models.

3.3 Server Consolidation and Resource Pooling

Consolidation optimizes the use of the server, as it clusters the workloads and shuts down servers that
are not in use. Al-based consolidation anticipates demand in order to save energy. Resource pooling is a
dynamically allocated computing, storage and network resources.

3.4 Energy-Sensitive Scheduling and Load Balancing

Distribution of workloads is done to minimize total energy consumption taking into account efficiency
of servers, temperature, and availability of renewable energy. Load balancing will avoid overheating as
well as lessen cooling needs.

3.5 Thermal-Optimized Data Centre Architecture

More than one third of data centre energy can be consumed by cooling. Hot/cold aisle design, liquid
cooling, heat reuse, as well as Al-based optimization are solutions. The DeepMind model of Google, in
turn, reduced cooling by almost 40 percent.

4. Green Solutions for Enhancing Cloud Decarbonization

The idea of cloud decarbonization relies on the latest technologies that reduce the consumption of
energy during computing, storage, cooling, and regulations of the workload. Since the workloads of
data-centres and digital services are still expanding, the industry is changing its naive power-saving
trend to smarter systems that incorporate virtualization, green energy, smart/intelligent data arrangement,
and software optimization. The combination of these technologies enables the shift of cloud
infrastructure to the low-carbon and energy-efficient future.

Energy Consumption by Data Center Components

Energy Consumption by Component
e 0 Servers: 43.9%

N [ £ Cooling Systems: 35.1%
L/ \ 1 Storage Devices: 6.6%
WL 7\ 1 Network Equipment: 6.6%
s 7 1 Power Supply Units (PSUs): 3.5%
y/ /) (1 Lighting: 1.3%
| =1 Backup Systems (UPS): 1.8%
1 Security Systems: 1.3%

Figure 4: Energy Consumption by Data Centre Components

4.1 Lightweight and Virtualization of Execution Environments

Virtualization can be useful to minimize the energy consumption by enabling multiple virtual machines
to execute on a single physical server which will decrease the quantity of active servers required. Even
lighter technologies such as containers and serverless computing can enhance efficiency. Containers are
resource efficient and serverless applications use energy to run only when a function is invoked.
Collectively, they alleviate idle power consumption, as well as assisting greener cloud activities.
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4.3 Smart Data Processing and Data Storage Optimization

Storage of data takes up too much power thus cloud providers employ clever techniques such as tiered
storage, compression, reduplication and cold-data storage. The most actively used data is located in fast
SSDs and less frequently used files are transferred to low-energy storage. Elimination of redundant data
and file compression saves hardware requirements. Data lifecycle tools are automated in order to prevent
storage that is not efficient.

4.3 Software Optimization and Code-Level Efficiency Energy saving is also achieved through
efficient software. The use of optimized algorithms, fewer background tasks and optimized memory
reduces CPU and power consumption. The low-overhead programming languages and elimination of
redundant code will enhance performance through choice. Carbon-tracking tools are now available on
cloud platforms, and are used by developers to locate and remediate energy-intensive areas of their
applications.

Table 2:Comparison of Renewable Energy Sources

Source Strengths Limitations Best Use Case
Solar 1. Constant production No power production | Regions with long daylight
Energy 2. Low cost of operation after sunset. hours
3. Daytime only loads
Wind 1. Nightoperation is effective Needs large areas of | Coastal regions and locations
Energy 2. Sustains large cloud regions | land. with regular and high-speed
3. Good energy production winds.
Battery /| 1. Equalizes renewable | Expensive to | Balancing intermittent
Energy variation establish and short | renewable generation with
Storage 2. Offers backup in outages lifespan peak cloud loads.
Systems 3. Increases grid stability

4.5 Advanced Cooling Solutions

A data centre almost consumes 40 percent of its energy in cooling thus effective cooling is important in

minimizing emissions.

e Liquid cooling — It cools down processors directly and is much more efficient than air cooling,
particularly Al and heavy-GPU workloads.

e Free cooling It relies on naturally cold air or water to reduce the temperature, reducing the energy
consumption in the appropriate climates.

e Subsea data centre- Centre such as the underwater project by Microsoft, utilize the ocean water as a
natural cooler and have been very reliable with minimal energy requirements.

All the above techniques will enable the current data centres to operate cooler under the minimal

amounts of power.

4.6 Energy Optimization with AI/ML

Al and machine learning assist data centres to operate more effectively through energy consumption,

demand forecasting, and de-facto management of workloads.

e Predictive Load Forecasting - ML models use the existing history of usage to forecast future
workloads that would ensure that cloud providers only allocate the necessary resources that will
avoid squandering energy by using additional servers.
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e Real-Time Energy Efficiency Analytics- Al technology monitors temperature, air movement, server
usage, and carbon intensity in real time. The DeepMind system of Google, to provide an example,
saved close to 40 percent of cooling energy. These devices automatically adjust to save on power.

S. Sustainability Initiatives by Various Industries

5.1 Google

Since 2007, Google has been a world leader in sustainable cloud computing, is carbon neutral, and has
been diversifying its data-centre operations to include operations running on 100 per cent renewable
energy. One of the most important elements of Google is the energy optimization system based on Al
and created in partnership with DeepMind that has minimized cooling power usage by approximately 40
percent. Carbon-intelligent computing is also used by Google, with non-urgent loads being transferred to
intervals and locations with the highest clean energy supplies. Moreover, the company undertakes the
big-scale wind and solar Power Purchase Agreements (PDAs) contributing to the fact that it is one of the
largest companies in the world to shop renewable energy.

. Carbon-Free Energy (CFE) (90%)

Carbon- Neutral Energy (100%)

Circular Economy (80%)

[ AutorSustainability 05%)]

Figure 5: Measures took by Google to provide green cloud solutions

5.2 Amazon Web Services (AWS)

AWS is working to use 100 percent renewable energy in all its world activities by 2025. AWS
implements energy-efficient hardware like the Graviton processor-series that offer much superior
performance-per-watt architecture as well as it introduces sophisticated stewardship programs over
water, that it ensures that the systems use water reasonably in cooling. Its sustainability plan involves
sustained enhancement into the data-centre efficiency and open reporting of carbon through the AWS
Carbon Footprint Tool.

2016 2018
100% Sustainability

Renswahla Date Initiative
Caoammitmant

2022

Carbon-free

Water-pasitive
energy Gonl
expansion

Figure 6: Key Sustainability Milestones provided by Amazon Web Services
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5.3 Microsoft Azure

Microsoft Azure targets to be carbon-negative in the year 2030 and to eliminate its historical emission
by the year 2050. The basis of its sustainability plan is the clean energy utilization, the creation of
circular and recyclable data centres, as well as the experimentation with new cooling technologies such
as underwater data centres (Project Natick). Azure also has the responsibility of servicing hardware by
reusing, recycling and modular components. Having artificial intelligence-based technologies to track
and minimize energy waste and powerful renewable energy contracts and materials, Azure proposes one
of the most complete and ecologically friendly cloud models in the sector.

5.4 Other Key Cloud Providers

On top of the big cloud providers, other emerging companies such as IBM, Oracle, and Alibaba Cloud
are also going green in cloud computing. IBM has reinforced sustainability practices using energy-
saving technology, superior analytics and quantum computing. It has a target of having net-zero
emissions by 2030 and is adhering to ISO 50001 energy-management practices to facilitate the same.
The activity of IBM in the field of quantum computing is particularly significant as quantum processors
require significantly less energy to accomplish complicated functions than conventional systems. This
renders IBM as a major stakeholder of the future of green cloud architecture, especially on Al
processing, optimization work, and large data loads.

To prevent resource wastage, Oracle Cloud Infrastructure (OCI) leverages on high performance servers,
effective virtualization, and automated scaling. Oracle aims to make all its cloud regimes operate on 100
percent renewable energy by 2025 and backs it up with water-efficient cooling, low-carbon data centre
designs as well as clear carbon-monitoring instruments. Such activities make Oracle a responsible green
cloud provider.

Alibaba Cloud with its Al-based Air-Cloud Intelligent Cooling System regulates the cooling and,
therefore, reduces the use of energy. High efficiency servers and better power distribution are employed
by the company to minimize electrical losses. As one of the major stakeholders in the global cloud
decarbonization, Alibaba demonstrates a high level of long-term commitment to cleaner cloud operation
in its micro markets of expansion in its 2030 carbon-neutral roadmap.

Comparison of Sustainability Initiatives Among Cloud Providers
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Figure 7: Comparison of Sustainability Initiatives Among Various Cloud Providers
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5.6 Soaring in the Carbon-Negative Cloud Infrastructures.

Carbon-negative operations are a steady direction of the global cloud industry as providers are
compelled to reduce their emissions by climate targets, the interest of their customers and governmental
policies. Firms are embracing mass storage of energy, use of Al in managing power, and high-tech
approaches to cooling to lower carbon footprint. Microsoft is now at the head of the transition to carbon-
negative cloud implementations and Google carbon-aware computing and AWS growing in renewable-
energy regions marks good progress. The future of ultra-efficient cloud systems is also evolving due to
technologies in quantum computing, circular hardware design and underwater data centres etc.

6. Environmental Governance and Policy Frameworks

The measures of energy consumption, decreased risks to the environment as well as adherence to
sustainability regulations are also made by the international standards, including ISO 50001 and ISO
14001, assisting the data centres in managing the energy consumption. The Green Grid parameters
including PUE, CUE, and WUE, offers easy, quantifiable measures to the providers in order to monitor
the effectiveness of their power consumption, the amount of carbon produced by them and the quantity
of water used by their cooling systems.

The governments across the world are also pushing towards green cloud operation. In Europe, there is a
push towards climate-neutral data centres by the European Union and the United States has facilitated
clean electricity by its Clean Energy Standard. Japan, China, and India are some of the countries that are
coming up with policies that make cloud operators enhance their efficiency and report on their
environmental impact. These laws will promote the use of renewable energy and the construction of
low-carbon data centres by companies.

Corporate Environmental Responsibility (CER) has become as important as well. Large providers of
clouds are now releasing sustainability reports, pledging to net-zero, recycling used hardware, reducing
e-waste, and creating more efficient data centres. Green Service Level Agreements (Green SLAs)
consist of environmental promises like the use of renewable-energy or emission volume that assists their
customers to select cloud services that align to their sustainability goals. Lastly, world-wide carbon-
accounting schemes, including the Greenhouse Gas (GHG) Protocol, SBTi and the CDP provide a
systematic method of measuring and reporting emissions among cloud providers. In monitoring Scope 1,
Scope 2 and Scope 3 emissions precisely, organizations will be able to establish achievable reduction
strategies and progress toward carbon-neutral or a carbon-negative cloud infrastructure.

7. Advantages of Decarbonized Cloud Infrastructure

Going green in cloud infrastructure has benefits to the environment, cost, and performance that ensure
the digital services are cleaner, cost-effective, and more dependable. The cloud providers are capable of
minimizing their environmental impact through the use of renewable energies, development of efficient
hardware, and smart management of resources, thus enhancing service quality.

7.1 Reduction in Carbon Emissions

Conventional data centres use fossil-fuelized electricity which has high CO: emissions. A conversion to
renewable energy, such as solar and wind energy, and efficient cooling and carbon conscious workload
scheduling can reduce the carbon footprint of the cloud operations by a large margin. These
modifications assist the cloud providers in line with global climatic objectives.
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7.2 Cost Effectiveness and Operational Savings

More efficient servers, enhanced coolers and Al enhancement programs minimize power consumption,
reducing one of the largest spending in data centres. With renewable energy source, it tends to become
less expensive with time and technologies such as virtualization and server consolidation will lower
hardware requirements. They are combined to enhance sustainability and savings on operations.

7.3 Improved Brand Image and CSR Value

More businesses and customers are becoming more interested in eco friendlier services. When cloud
service providers make neutral statements of renewable energy usage, net-zero targets, and disclosure,
they reinforce their reputation and corporate social responsibility (CSR). Companies involving green
cloud services also improve their ESG ratings and get more trust.

7.4 Enhanced Reliability and performance of the system

Green cloud technologies tend to enhance stability of the systems. Progressive cooling (e.g. liquid and
free cooling) and Al-assisted resource management to minimize failures and improve responsiveness in
high load system can be used. It leads to better and more reliable cloud services. The company should
also contribute to the global sustainable development goals.

7.5 Contribution to Global Sustainability Goals

Cutting down on carbon in cloud IT is part of some of the most significant international initiatives,
including the Paris treatment and governmental clean-energy strategies. With the increase of digital
services across the globe, sustainable cloud infrastructure is crucial in the minimization of emissions,
conservation of resources and aiding long term environmental objectives.

Green Cloud
Computing Benefits

A BN

Technological Advancements
Cost & Business Efficiency

1) Renewable Energy 1) Edge Computing
Usage 1) Energy-efficient 1) Encourages for reduced latency
sustainable
2) Reduced Carbon date centers nvattas 2) Advanced cooling
Consumption 2) Scalability and technologies
2) Positive brand
3) Efficient Cooling BaxlbMiey image 3) Smart deta conters
Systems 3) Lower operational 4) Al and ML for
sOfs o) Destyiess Seor automatic resource
4) Reduced Water consclous customers
Consumption 4) Reduced Hardware optimization
Costs 4) Meets
5) Lower Carbon R RRGa 5) Blockchain for
Emissions 5) Optimized energy transarency

regulations
Resource

Mansgement 5) Supports ESG goals

Figure 8: Benefits of Sustainable Cloud Computing: Emission Reduction & Cost Savings

8. Challenges and Limitations

Complex challenges have been presented when it comes to decarbonization of cloud infrastructure.
Greener-based data centres and state-of-the-art cooling systems are costly, and they are not affordable to
smaller providers. Renewable energy cannot be predicted either, which means that cloud services require
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excellent storage and smart-grid backup. The problem of cooling also persists particularly in hot areas
where the consumption of energy increases drastically. Several of the cloud locations are also not
connected to clean energy or favourable policies, leading to international sustainability disproportion.
There is also the lack of worldwide sustainability standard and as a result, green technologies are more
difficult to implement in many countries due to inconsistent reporting, and the geopolitical or legal
constraints. Such problems demonstrate the necessity of improved technology, clear policies, and greater
access to renewable technology to make cloud systems completely decarbonated.

9. Research Gap

Although the recent research is promising due to energy efficient technology such as virtualization, solar
data center, cool cooling hacks and optimization with Al, we continue cutting our teeth with an array of
missing links. The use of modern technologies, such as containers, serverless computing, and carbon-
conscious scheduling, has proven to be useful, yet a lack of tools that would compute the precise carbon
emissions at the level of workloads has been identified in the cloud industry. Specially developed Al
models that can minimize carbon emissions are also finite. The other significant weakness is the non-
uniform supply of renewable energy in regions which does not allow constant performance of
sustainability. The development of eco-friendly hardware materials, server parts that can be recycled,
and designs with low carbon efficiency is at its infancy. Lastly, a standardized Green SLAs are lacking
which complicate the comparison of the actual sustainability of various cloud providers. The solution to
these gaps will be critical to having fully carbon-neutral or carbon-negative cloud ecologies.

10. Conclusion and Future Work

Cloud computing is going off round every corner and hence tomorrow it has to become much more de-
carbonized and energy smarter. A massive initiative is intelligent auto-scaling and resource jiggering in
such a way that Al can reduce power dynamically and eliminate gigs wastage. An even more carbon-
negative idea to be fully energy-neutral providers reduce their own emissions and even extract the
carbon of the air using solar systems or carbon-capture technology Quantum computers may also be a
breakthrough, as they could do heavy lifting with the tenth of the heat. Another crucial measure is the
development of the globally integrated green cloud standards that would enable the even comparison of
the environmental practices and motivate the cloud providers to act according to the set environmental
standards. The use of edge computing will additionally enable more green processes by processing the
data near the user, improving the network traffic and energy consumption. Moreover, rising generation
cooling techniques including liquid cooling, free-air cooling will keep on enhancing datacentre energy
efficiency. To sum up, the process of decarbonization of cloud infrastructure is not only achievable;
rather, it should be considered as a requirement by the global climate targets. Additional innovation and
additional policies and investments in green technologies will allow the cloud industry to have a
sustainable growth and have a far lesser harmful effect on the environment.
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