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Artificial intelligence (Al) can be leveraged to
accelerate progress towards net zero carbon
emissions and improvements in environmental
sustainability. Al can be used to help optimise
energy consumption, manage grid demand,
reduce waste, monitor ecosystem health,

and quantify the impact of climate change

and adaptation strategies.! To maximise the
environmental and societal benefits that Al can
offer, however, Al systems and services must be
environmentally sustainable on a lifecycle basis.

As Al systems and services are designed, built and
used, they place demands on resources such as
energy, water and critical materials, which can
create new environmental harms or exacerbate
existing harms. Moreover, by driving up energy
demand, Al systems and services can increase the
challenge of moving to a decarbonised electricity
system. There are actions that can be taken now,
across the Al value chain, to better understand and
reduce this unsustainable resource consumption
and the related environmental impacts.

This report proposes five foundational steps
to begin progress towards environmentally
sustainable Al

1. Expanding environmental reporting mandates

2. Addressing information asymmetries across
the value chain

3. Setting environmental sustainability
requirements for data centres

4. Reconsidering data collection, transmission,
storage, and management practices

5. Leading the way with government investment

This is the first report on Al sustainability from

our engineering responsible Al programme. It
follows a workshop and a series of interviews with
experts from industry, academia, civil society and
policymakers. The foundational steps this report
proposes can be taken by governments to advance
Al sustainability, and reduce and monitor the
environmental impacts of Al systems and services.
These internationally applicable foundational steps
are accompanied by recommended actions for the
UK government. The recommended actions aim

to facilitate UK leadership in Al sustainability and
minimise the risk of lock-in to systems that are not
sustainable in the long term.

As this programme continues, we will work to
identify further actions to support and advance
environmental sustainability in Al which can build
on these foundational steps. Future activities for this
programme will consider long-term interventions
to further support managing and reducing the
environmental impacts arising from Al systems and
services - with consideration for their potential to
deliver societal benefits.
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Definitions

Environmental sustainability: managing and
reducing environmental impacts across the
lifecycle of a system or service in a manner

that ensures present needs are met without
compromising the ability of future generations to
meet their own needs.?

Al: a suite of technologies that encompasses
machine learning systems that use both symbolic
methods, which represent knowledge and
reasoning using symbols and rules, and non-
symbolic methods, which recognise patterns

in raw data. These systems are supported by
computational resource and data consolidation. In
recent years, these systems have used computation
and data at increasingly large scales.?

Al compute IT infrastructure

The logic, memory
and interconnect

“Facilities or physical
plants provide space

Al value chain: We use the term ‘value chain’ to
refer to four key components that, when brought
together, enable Al systems and services. While

a ‘supply chain’ may refer to the “system and
resources required to move a product or service
from supplier to customer” a ‘value chain’ builds on
this concept “to also consider the manner in which
value is added along the chain, both to the product
or service and the actors involved.”*

For this report we have categorised the value
chain as being comprised of four interdependent
components:

Algorithms and data Interaction and use

Interaction and
use encompasses

Data is ‘the raw
material that is

components stored
within a server or
network.

Vipra and Myers,
Computational Power
and Al

for networking
hardware, servers
and data centres.

It also includes the
network cabling in
office buildings to
connect components
of an IT infrastructure
together.”

IBM Whatis IT
infrastructure?

processed by
compute” while
algorithms encompass
“the source code that
defines everything
from the architecture
of Al models to the
specific methodologies
employed in the
training.”

Sastry et al. Computing
Power and the

Governance of Artificial
Intelligence

“the impacts and
opportunities created
by the aggregated
effects on societal
structural changes
by using (Al).” This
includes procurement,
use, and where Al
indirectly influences
organisational or
individual behaviour.
ITU-T L1410
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The environmental impacts of Al systems and services depend on

interactions between components of the Al value chain:

B Al compute: the design of hardware components impacts the
efficiency with which workloads are handled during operations.
The production of, and the end-of-life strategy for, hardware
components affects the lifecycle impacts of Al systems and
services.

B IT infrastructure: where these facilities are located, draw their
electricity, materials, water and other resources from, as well as
how they are connected, built and managed at the end of their
life, will affect the lifecycle environmental impacts of Al systems
and services.

H Algorithms and data: approaches to data collection, transmission,
storage, and management - as well as model design and training

choices - can significantly reduce the demands of Al systems
and services by reducing the need for state-of-the-art hardware,
and resource consumption during training, deployment and
inference.®

B Interaction and use: a considerable portion of a system’s or

service's impacts may be generated during inference (model use).

The behaviour of end users therefore plays an important role in

determining the overall environmental footprint of Al systems and

services.

{' {.v ¥
i
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Introduction

Al has the potential to deliver significant benefits to the economy,
society and the environment. To maximise the benefits delivered
by Al systems and services, it is important to effectively manage
environmental risks by actively monitoring and reducing negative

environmental impacts.

The UK's target to reach net zero emissions by
2050 will require a concerted cross-economy
decarbonisation effort. Use of Al and digital
technologies is expected to play an important role
in supporting businesses and transforming public
services for the better, driving productivity and
growth across the UK and enabling more rapid
decarbonisation.®

In recent years, however, the rapid proliferation of
Al has seen the environmental impacts associated
with the development and use of these models
and applications rise significantly.” Scaling IT
infrastructures to support this demand has
resulted in increased consumption of energy

and water, increased use of critical materials and
increased generation of heat.? For Al compute, the

and frugality

ongoing growth in semiconductor manufacturing
is anticipated to continue, partially driven by
demand for specialised hardware to support Al
workloads.?

Ensuring Al contributes to a net reduction in
environmental risks will require stakeholders
involved in developing, deploying, and using

Al systems and services to strive towards both
efficiency and frugality. For the UK, this is critical

to ensure Al demand does not contribute to total
energy demand outpacing clean power generation,
and does not place unsustainable demands on
potable water and critical materials.

Published in January, the Al Opportunities
Action Plan, which has received UK

Ensuring Al contributes to a net reduction in environmental risks
will require stakeholders involved in developing, deploying, and
using Al systems and services to strive towards both efficiency
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government endorsement, puts forward several
recommendations intended to make the most

of Al opportunities in the UK.® The government's
response to the plan outlines intentions to develop
a long-term compute strategy to help realise
these opportunities - and, as part of this strategy,
to assess environmental risks associated with Al
infrastructure.

Presently, the ability of decision-makers to

assess these risks is limited. Estimates of Al's
environmental impacts vary due to a lack of data
availability and consistent measurement methods.
A lack of clarity on the boundaries between an

Al system or service and the broader information
and communication technology system further
complicates quantifying these impacts. However,
while the exact scale of environmental impacts
may be uncertain, it is clear that current trends
are unsustainable. This has been evidenced by
companies such as Microsoft highlighting how
Al uptake has impacted the achievability of their
sustainability ambitions.”

© pexels.com

This report from the National Engineering Policy
Centre follows interviews and a workshop with
experts from industry, academia, civil society
and policymakers. Focusing on design, build and
use choices, this report provides foundational
steps and actions to improve the environmental
sustainability of Al. To achieve Al sustainability at
a systems level, steps and actions must be taken
with consideration of social and economic factors,
which will be addressed as this programme
continues.

In the following sections, we provide context on the
environmental impacts of Al systems and services,
and opportunities for the UK to demonstrate
leadership in Al sustainability internationally. We
then propose foundational steps that can be taken
by jurisdictions around the globe to minimise, and
make more visible, the environmental impacts
associated with Al. These foundational steps are
supplemented by recommended actions that

the UK can take today to begin progress towards
environmentally sustainable Al.
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Environmental impacts

This section provides an overview of the
environmental impacts of Al systems and services,
and how they relate to trends in development

and uptake. A fuller analysis of the environmental
impacts of Al systems and services can be found in
Annex A.

Across their lifecycles, Al systems and services
require energy, water, and critical materials.

These resources are directly consumed during the
production, use and end-of-life management of
the compute and infrastructure hardware that
underpins Al systems and services. They are also
indirectly consumed during activities such as
energy generation and distribution. Consuming
these resources can cause air pollution, water
pollution and thermal pollution, as well as creating
solid waste. These impacts, in turn, negatively affect
human and environmental health and can result
in heightened risk of social inequity or exclusion -
especially as the environmental impacts of Al are
typically unevenly distributed.”

The software lifecycle includes “data collection
and preparation, model development, training,
validation, deployment, inference, maintenance
and retirement.”’™ Decisions made at each
stage of the software lifecycle impact resource
consumption by compute and infrastructure
hardware.

In recent years, software development at the
frontier of Al has tended to prioritise scale, size

and capability, leading to increasing resource
intensity across the software lifecycle - particularly
impacting the training of models and their
inference. This tendency has been compounded by
the rapid expansion of both the development and
uptake of Al

Al systems can take many forms, with different
levels and profiles of resource intensity depending
on their design and use. Resource consumption
for an Al system or service can be understood as
occurring in two stages: the training stage and the
inference (or use) stage.” Depending on a system'’s
design and the way it is used, the two stages may
have different impacts on resource consumption.
For example, an agent-based system may consist
of multiple agents that collectively require fewer
resources to train than a single large language
model.'® However, if these agents are designed

to query one another via inference regularly, the
system’s total resource consumption may still
increase.

While the long-term environmental impacts of
different forms of Al systems and services remains
to be seen, Al development and use up to this
point has generally adhered to the following
trends:

B More resource-intensive training: the scale
of compute and data used to train models
has been trending upwards. The training
computation used for notable machine learning

ENGINEERING RESPONSIBLE Al: FOUNDATIONS FOR ENVIRONMENTALLY SUSTAINABLE Al | 7
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Total water consumption across all operations
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= Figure 1| Microsoft's total reported water consumption from financial year 2020 to 2023. Graph recreated from
2024 Environmental Sustainability Report. Accessed 15 December 2024. © Microsoft

models has grown 4.4 times a year since 2010."”
It has also been estimated that, if model
training continues to follow current trends, that
models could be trained on datasets roughly
equal in size to the available stock of public
human text data as early as 2026.®

B Increasing demand for data storage: data
centre and endpoint storage capacity is
predicted to grow from 10.1 zettabytes in 2023
to 21 zettabytes in 2027, partially driven by Al
demand.'” For context, one zettabyte is equal to
one trillion gigabytes.

B More resource-intensive inference: increases
in the size of inputs (represented by token
limits) and the number of model parameters
are resulting in more resource consumption at
the use stage.?° While a shift towards smaller
models may impact this trend, where smaller

models are assembled as part of an agent-
based system, their overall impacts may be
comparable to that of existing generative Al
models.

More demand for data centres: in 2023 there
was 601 megawatts of new demand for data
centres across the 14 largest markets in Europe,
up from 546 megawatts in 2022. In the same
period, 561 megawatts of new supply was
delivered. This was the second time in five
years that new demand exceeded new supply
in Europe.? This, in turn, led to data centre
vacancy rates in the top five European markets
(Frankfurt, London, Amsterdam, Paris, Dublin),
hitting an all-time low of 10.6% at the end of
202322

More demand for state-of-the-art hardware:
growth in semiconductor manufacturing is
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= Figure 2 | Range of uncertainty of GB data centre electricity demand between today and 2050. Recreated from
Data Centres: What are data centres and how will they influence the future energy system?, March 2022.

© National Grid ESO

anticipated to continue, partially driven by
demand for specialised hardware to support

Al workloads. For example, generative Al chips
are predicted to have reached more than $50
billion in sales for 2024. In the longer term, it is
projected that Al chips could reach $400 billion
in sales by 2027.23

As a result of these trends, the consumption of
energy, water and critical materials attributable
to the lifecycles of Al systems and services has
been steadily increasing in recent years - and is
projected to increase further (Figure 2). In the
case of electricity consumption, some of the
top-end estimates suggest that energy demand
from Al could outstrip renewable generation
capacity in some jurisdictions within the next
10 years.?* Others suggest that surging power
consumption from data centres driven by Al
workloads could see total US energy demand

outstrip generation capacity by 2028.2° Even
looking towards less dramatic projections - the
consumption of energy and withdrawal of water
from local networks poses a significant potential
challenge, especially as data centres tend to be
concentrated in certain localities.?® Risks, at a
local level, may be mitigated through a joined-up
spatial strategy.?’

Projected increases in resource consumption
from Al do not only pose risks for the climate,
the environment and human health. Where the
consumption of resources to service Al workloads
creates competition for, or even scarcity of,
resources it will negatively impact other sectors
of the economy. This, in turn, will create new
challenges for industry to meet decarbonisation
and growth goals - and will exacerbate cost-of-
living pressures?® and impact quality of life for
affected communities.?®
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Opportunities for UK

leadership

There is growing international concern over the
environmental impacts of Al systems - among
both jurisdictions®° and industry.®' In this context,
there is an opportunity for jurisdictions such as
the UK to demonstrate global leadership in Al
sustainability, by developing and implementing
pragmatic and effective regulation and guidance
to monitor and reduce the environmental impacts
of Al systems and services - as well as contributing
to setting international standards where
appropriate.

Incentivising environmental awareness from
the producers, providers, partners and users of
Al systems, as well as hardware manufacturers
and data centre operators, may also create
opportunities to grow the UK's relevance in

the global Al market.32 Opportunities include
accelerating development and uptake of Al
assurance technologies, alternative models and
chip architectures, and smaller models.

H Al assurance technologies: Al assurance
technology provides tools and techniques to
measure, evaluate, communicate and mitigate
the risks posed by Al - including environmental
risks.33 Creating regulatory requirements for
compliance audits on environmental impacts
and risks can drive uptake.3* The UK Al
assurance market has the potential to reach
£6.53 billion (gross value added) by 2035 - a
growth of over £5 billion from today.®

Alternative approaches to models and chips:
alternative models can drive reductions in
data storage and compute requirements
while delivering comparable, or even
improved, performance on certain tasks.
Alternative chip architectures, meanwhile, can
potentially reduce processing time and power
requirements for Al workloads. Combined,

or in isolation, new models and chips may
significantly reduce the environmental impacts
that Al systems and services produce.

Both alternative models and chips are active
areas of research, within which several
approaches with varying timelines for
deployment are being developed. Should
appropriate incentives be created for
stakeholders in the Al value chain to prioritise
environmental awareness, it is likely to increase
appetites for alternative models and chips.

Smaller models: smaller, task-specific models
which can be trained from scratch, or developed
by tuning or distilling a larger model, use smaller
datasets and less compute than larger multi-
purpose models, often without a significant
drop-off in performance.®® For example small
language models (those not exceeding 7 billion
parameters), are currently being deployed on
end-user or edge devices. These small language
models can deliver comparable, or even superior
performance, to large language models.3”
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The UK ecosystem has existing strength in
research and access to talent, making it well
suited to meet rising demand for technologies
and techniques designed to help monitor and
reduce the environmental impacts of Al systems
and services.*® Where these technologies and
techniques can be appropriately developed in an
open-source environment, they also present an
opportunity to further improve Al sustainability
through resource sharing.

The proliferation of these technologies and
techniques is also likely to benefit enterprise users
of Al systems. In particular, small and alternative
models can meet the needs of many businesses
while reducing overhead costs. Office for National
Statistics data suggests businesses are primarily
adopting Al to improve cybersecurity (35%) and
create efficiencies (35%).3° These are use cases

Opportunities for UK leadership

that, for many smaller enterprises, do not involve
complex data analysis - and where adopting
small models should be encouraged where
appropriate.

Small models can have additional benefits

for enterprise. For example, using smaller
models reduces the risk of incurring technical
debt, which is the “extra work required when
developers choose an easy short-term solution
over the best long-term approach.”“° Technical
debt can be accrued because of insufficient
investment in company culture, IT systems, data
architecture, and security practices.*! Larger
models require data to be more diverse, plentiful
and of higher quality - increasing the level of
investment required by enterprise users. This
places enterprises who use inappropriately large
models at greater risk of incurring technical

ENGINEERING RESPONSIBLE Al: FOUNDATIONS FOR ENVIRONMENTALLY SUSTAINABLE Al [ T1
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debt - which, in turn, creates a financial burden

as resolving technical debt requires investment.4?
This is a growing risk internationally, with estimates
suggesting current levels of technical debt in

the US alone would require over $1.5 trillion to

fix - indicating that, for enterprise users, there

are notable economic benefits associated with
adopting smaller models, beyond a reduced

cost for computation.*® In this context, including
sustainability as a key criterion while procuring Al
systems and services may be seen as a ‘low regrets’
decision.

Beyond creating opportunities for the

development of specific technologies, incentivising
environmental awareness via regulation, standards,
and guidance can also improve the quality and
trustworthiness of data available to decision-
makers. This, in turn, could help improve forecasting
capabilities - both in business and government.

This is especially important for government,

as a lack of clarity on the precise scale of Al's
environmental impacts currently hinders
policymakers’ ability to forecast and prepare for
future risks, or opportunities. Presently, there is a
high degree of uncertainty in forecasts of future
energy, water and critical materials demands
from Al.* This challenge is further compounded
by uncertainty regarding the veracity of reported
figures. An investigation from the Guardian in
September 2024 found that emissions from
Google’s, Microsoft’'s, Meta’'s and Apple’'s data
centres could be up to 662% higher than officially
reported.4>

It is an opportune moment to focus on better
data - as several jurisdictions (including the UK)
are currently developing internationally relevant
mandatory reporting requirements for climate-
related disclosures in line with the International
Sustainability Standards Board (ISSB) standards.“®
The International Organization for Standardization
(ISO) has developed standards to support these
requirements, which are anticipated to improve
data availability and have a substantial impact

on industry. However, policymakers in these
jurisdictions will need to determine how these
reporting requirements explicitly apply to data
centre operators, hardware manufacturers, and Al
producers, providers, and partners.

In the UK, there is an ongoing assessment*’
regarding the adoption of IFRS S1and S2.48
Should this assessment end in a positive
endorsement, this will result in the creation of UK
Sustainability Reporting Standards which may
then be implemented as part of the government’s
wider work on creating sustainability reporting
requirements.*®

The scale of the challenge and the risk of
enterprises or governments ‘locking in’ to
unsustainable systems demands a further
acceleration of efforts. While quality and
trustworthiness issues with currently available
environmental data may hinder the ability for
decision-makers to develop long-term action
plans, there are several steps that can be taken
in the short term to reduce impacts and improve
monitoring capabilities.

The scale of the challenge and the risk of enterprises or
governments ‘locking in’ to unsustainable systems demands

a further acceleration of efforts
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Foundational steps

This report sets out five foundational steps that jurisdictions can
take towards sustainable Al in the short-term. These steps are also
critical to better understanding and managing the environmental
impacts of Al systems and services in the longer term.

While these foundational steps are intended to
be internationally applicable, we supplement
these with practical actions the UK government
can take in the near term. It is critical that action
is taken now to ensure that near-term investment
in infrastructure, research, and adoption aligns
with our long-term net zero and environmental
sustainability aspirations.

Positioning the UK as a leader in Al sustainability
will require effective collaboration across several
government departments and regulators.
Government's intention to develop an Al

Energy Council provides an important forum

for collaboration on balancing the supply and
demand for energy and compute. However, the Al
sustainability challenge extends beyond energy -
the usage of critical materials and water by systems
and services, and the design and use of those
systems and services, must also be considered.

Collaboration between departments should be

led by the Department for Science, Innovation and
Technology, who must set clear ambitions and
criteria to guide the development and deployment
of Al towards sustainability. This should be done

in collaboration with the Department for Energy

Security and Net Zero; Department for Business
and Trade; and Department for Food and Rural
Affairs, who will also play a critical role in improving
reporting standards. Further collaboration must
be sought with the devolved administrations;
Department for Education; the Department for
Digital, Culture, Media and Sport; the Ministry of
Housing, Communities and Local Government;
the Information Commissioner’s Office (ICO) and
standards development organisations to ensure
environmental sustainability is embedded across
the Al value chain.

1. Expanding environmental
reporting mandates

Establish reporting mandates for meaningful Al-
specific metrics to support the implementation
of IFRS S2 reporting requirements and to improve
understanding of the environmental impacts of Al
systems and services.

This report recommends that the UK considers:

B Using the ongoing consultation on a UK Green
Taxonomy as ah opportunity to consider the
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aspirations

development of an assessment framework for
data centres, and for Al systems and services

- which could further support improved

clarity for entities on climate-related risks and
opportunities.>®

B Making reporting on energy consumption,
energy sources, water consumption and
withdrawal, water sources, carbon emissions,
e-waste recycling and the Power Usage

Effectiveness (PUE) of data centres mandatory.

These requirements should be based on
Industry-based Guidance on implementing
Climate-related Disclosures.> They should
also refer to emerging resource consumption
data sharing practices such as those outlined
in the proposed UK Net Zero Carbon Buildings
Standard (UKNZCBS).>?

B Collaborating on new open and trustworthy
data collection and reporting protocols and
tools to enable data sharing across the value
chain for producers, providers and partners of
all sizes. These could be shared through the
proposed “Al Knowledge Hub".>?

B Introducing requirements for reporting on
the reuse of server equipment. A 2021 study
indicated that 28% of companies globally
reuse or repurpose IT hardware internally>* -
and initiatives such as the Circular Electronics
Partnership (CEP) actively promote circular
practice.>® Introducing reporting requirements
could improve policymakers’ understandings
of obstacles to reuse, or opportunities, enabling
them to play a more active role in continually
improving data centre circularity. Data centre
circularity, beyond reducing environmental

It is critical that action is taken now to ensure that near-term
investment in infrastructure, research, and adoption aligns
with our long-term net zero and environmental sustainability

impacts, can also minimise exposure for UK-
based data centre operators and enterprise to
supply chain risk.

B Introducing requirements to report on the

balance of workloads at data centres. The UK
should collaborate with other jurisdictions to
develop a measurement standard for assessing
and reporting the balance of workloads in a
data centre without compromising security or
business sensitivity.

B Implementing reporting requirements for the
energy, carbon and water consumed during
the development and use of Al services.

This could be achieved by implementing the
requirements to create ‘passports’ for digital
products, as described in the International
Telecommunication Union’s proposed standard,
ITU-T L1071 (a model for digital product passport
information on sustainability and circularity).>®

Enforcement of meaningful Al reporting
requirements as part of IFRS S2 implementation is
vital to ensuring the UK pursues Al opportunities
with appropriate consideration of environmental
risks. This data should be regularly reviewed by
the Al Energy Council, and should inform future
updates to the long-term compute strategy that
UK government has committed to in their response
to the Al Opportunities Action Plan.>” This will
require significant investment from government
to build the necessary infrastructures to ensure
compliance.

While additional reporting requirements may be
seen as a burden to business, robust reporting
will improve visibility of potential ESG risks and
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opportunities. Robust reporting can also offer UK
enterprises of all sizes improved access to capital
as ESG funds continue to perform strongly>8

- and Nations and Regions Investment Funds
increasingly emphasise sustainable investment.>®
Introducing additional reporting will also create
opportunities for the UK to influence international
standards for reporting and expand the Al
assurance market.

2. Addressing information
asymmetries across the value chain

Address information gaps along the Al value
chain to ensure that all stakeholders have a clear
understanding of the environmental impacts of
Al systems and services. Providing information
and education on the environmental impacts of Al
systems and services, and responsible usage, can
help encourage individual and enterprise users to

Foundational steps

find appropriate models for their use cases, and
drive more environmentally sustainable practices
across the Al value chain.

Educational efforts could be supported by
ensuring:

B Producers and providers develop and use
appropriate communication tools to convey
real-time information on the environmental
impacts of Al systems to users. These should
be developed with educational and behavioural
scientists and human factors experts to ensure
they support informed decision-making from
users about the appropriate tool for their
computation request.

B Design for environmental sustainability
is embedded in Al, computer science and
communications courses in higher education,
introduced in digital further education courses,

ENGINEERING RESPONSIBLE Al: FOUNDATIONS FOR ENVIRONMENTALLY SUSTAINABLE Al | 15
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Effectively communicating the environmental impacts of Al
systems and services to users can drive behaviour change
from both the users and developers

and included in upskilling support for Al
adoption.

H As part of the curriculum review,
environmental sustainability should be
included in Al, ICT, and computing education
provided in schools and colleges to develop
greater environmental awareness amongst
future developers and users. This should be a
component of a wider effort to educate on the
environmental impacts of digital technologies.

B Setting standards to ensure appropriate
practices are used by providers, producers, and
partners of systems and services. Given that
software development frequently occurs across
national boundaries, these standards should be
open where possible.

B Mandate publishing of data and model cards
to inform users (both individual and enterprise)
on the environmental impacts of systems, and
to educate on the benefits of small and more
sustainable Al.8°

Effectively communicating the environmental
impacts of Al systems and services to users can
drive behaviour change from both the users and
developers. Moreover, greater awareness and
education will enable more effective collaboration
between stakeholders across the value chain.

3. Setting environmental
sustainability requirements for
data centres

Setting requirements for new data centres of all

sizes and establishing a timeline for legacy data
centres to meet these requirements can support

a reduction in data centre resource demands - and
the environmental impacts of Al model training
and inference.

The requirements should include:

B Reduce potable water usage for all data centre
activities and zero potable water for cooling.
This should be supported by best-practice
guidance in ISO 46001:2019 (Water efficiency
management systems)®', and securing ‘zero
potable water for cooling’ commitments from
data centre operators.®?

B Maximise the reuse and recycling of server
equipment. This can be supported by referring
to existing standards for the circular economy?®?
and repair and refurbishment, as well as by
developing targets for hardware reuse®,
encouraging the development of open-source
hardware designs®®, and supporting data centre
operators to follow best practice for IT asset
management as outlined in ISO/IEC 19770-1.56 To
further support this goal, remanufacturers can be
encouraged to follow best practice for reworking
and remarketing of hardware as described in BS
8887-211.%7

E Recover waste heat and enable its reuse. This
can be supported by mandating quantities of
waste heat be made available for reuse and
through coordinated spatial planning. This should
be informed by the proposed UKNZCBS, which
outlines key considerations for sharing waste
heat with district networks, and for monitoring
and measurement®® in a way that balances the
challenges of data centre heat export.®°

B Match energy used with 100% carbon-
free energy certificates. Renewable Energy
Certificates should be backed by clear, auditable,
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and time- and site-specific data. Certificates
should prioritise emissionality, which is “the
degree to which a new [renewable energy]
project leads to actual [greenhouse gas]
emissions reductions by displacing local
fossil-fuel use”.’° They should also discourage
carbon leakage or emissions offshoring.”
Agreements should be regularly reviewed to
ensure they deliver tangible benefits to local
grids. Requirements could be supplemented
by creating additional requirements for data
centres to deliver year-on-year improvements
on their Renewable Energy Factor as outlined in
ISO/IEC 30134-3:2016.72

B Improve PUE through ambitious but realistic
targets. This should be informed by the
proposed UKNZCBS7® and supported by

Foundational steps

e——

4
| - R
zn1278 IS 7

|z
- — @

best-practice guidance on reducing energy

use outlined in ISO 50001:2018 (Energy
Management Systems).”* While PUE has been
criticised as a flawed metric, where it is reported
on alongside other metrics it can contribute

to improved understanding of data centres’
environmental impacts.”>

Introducing these requirements now and applying
them to all data centres, starting with those in

Al Growth Zones, can reduce future pressures on
the electricity grid and water sources, and offers
opportunities for expanded heat reuse. They can
also help to reduce data centre demand for critical
materials - which is currently contributing to long
lead-in times for data centre equipment’®, and
may impact material availability for economy-wide
decarbonisation efforts.””
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In the UK context, new requirements for data
centres may have a negative impact on new data
centres from locating in the UK in the short-term.
However, many of these actions are mandated
by the EU Energy Efficiency Directive’® - and are
also already being implemented by data centre
operators internationally in a piecemeal way.”®

4. Reconsidering data collection,
transmission, storage, and
management practices

Create incentives to reduce data collection,
transmission and storage demands, and improve
data management, to reduce the lifecycle
environmental impacts of Al systems and services -
and encourage frugality in Al procurement.

These incentives could be delivered through:

B Developing Al sustainability good practice
based on standards and best practice to
embed consideration of environmental impacts
associated with data collection, transmission,
access, quality, minimisation, deletion, and
storage for stakeholders across the value chain.
Good practice should be applicable across the
lifecycles of services and systems from problem
specification to the long-term impact of data
practices on Al inference costs.

B Revising legislation mandating data retention
to go beyond existing ‘data protection principles’
and the ICO recommendation that organisations
set up a data retention policy. This could be
supported by use of ISO standards, such as
the ISO 8000 series which provides guidance
on data quality. This could be used to develop
criteria for the long-term retention of data.8®

B More robust data minimisation, compression
and storage limitation policy, with more
structured guidance to set up a data retention
policy that encourages storage limitation,
purpose limitation, and data minimisation
based on ISO standards for information security,
retention, and deletion (in particular, ISO/IEC
27555:2021).8

B Using the development of the National Data
Library as an opportunity to incentivise,
demonstrate, and drive good practice
in environmentally sustainable data
management, as part of its mission to enable
efficient, effective, secure and acceptable access
to data. Opportunities to expand the scope of
assets included in the library to include private
data, models and model components should
be considered as this could significantly reduce
the environmental impacts of development and
storage.

Reducing data collection, transmission, and
storage demands will reduce demands on energy,
water and critical materials. This may reduce data
availability; however, it may also drive smarter
and more focused data collection from model
providers, producers, and partners, as well as
enterprise.

5. Leading the way with
government investment

Embedding environmental sustainability

in Al policy, procurement and support
programmes will encourage proportionality and
efficiency from data centre operators; hardware
manufacturers; and Al providers, producers,
partners and users.

Embedding sustainability into government’s
approach to investing in Al could involve:

E Ensuring longevity and efficiency from public
compute provisions without compromising
performance, using ISO 30134-5 and the
ITEUsv metric to help minimise server waste by
encouraging high utilisation levels.8?

B Embedding environmental sustainability
in procurement guidelines for Al systems
and supporting infrastructure so the best,
and most sustainable compute is available
to UK government. This could be supported
by referring to guidance on integrating
sustainability in procurement decisions as
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outlined in ISO 20400.83 Best practice lessons
learned could be shared with industry via the
proposed “Al Knowledge Hub".

Establishing Al sustainability research as a key
part of the UKRI Al strategy, to further grow
funding available for sustainability research to
better understand and reduce environmental
impacts across the value chain, including Al
compute, IT infrastructure, algorithms and data,
and interaction and use.

Developing and implementing an agreed
approach to Al environmental impact
reporting as part of government business
cases and research funding bids and integrate
this approach into existing environmentally
aware funding concordats and responsible
innovation frameworks. This could be
supported by the soon-to-be published ISO/
IEC TR 202268+ and CEN TR 181458 which
will provide calculation methodologies

for Al's carbon footprint, and guidance on
frugal Al. Government should also consider
lessons learned from the implementation of
environmentally aware funding initiatives in
other jurisdictions.8®

Incentivising the use of smaller models,
particularly task-specific models, as well

as alternative model approaches and edge
solutions, where appropriate. Where edge
solutions are used to move processing to
devices nearer the user, they can reduce
environmental impacts from data centres and

Foundational steps

data transmission. This can be supported by

the development of smaller models, which can
run on edge devices. The use of smaller, and
alternative models, can be encouraged through
adoption programmes to ensure government,
researchers, enterprise and individual users have
a diversity of choice so they can use the most
appropriate Al models for their use case.

B Embedding environmental sustainability as

a core principle for the Al Growth Zones, to
ensure plans to accelerate the build-out of data
centres appropriately address environmental
risks. This should include consideration of how
data centre location may impact local energy
and water supplies - and how Al Growth Zones
are influencing the lifecycle environmental
impacts of Al systems and services by altering
interaction within the Al value chain.

Embedding sustainability as a criterion for
government investment can help to minimise
environmental risks associated with expanding
public compute provision, and creates incentives
for frugal development and procurement.
Moreover, it can also support the UK to develop a
‘niche’ and grow its advantage in the development
and deployment of small and alternative models
focused on solving well-defined problems, and
assurance models designed to support regulatory
compliance. Such an approach to investment
can also create opportunities for alternative
approaches to hardware, by offering incentives
for investment and potentially generating new or
alternative opportunities for Al deployment.
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These foundational steps are intended to be
implemented by jurisdictions in the short-term to
monitor and reduce the environmental impacts

of Al systems and services. Together, they can
enable better understanding of environmental
impacts, more sustainable infrastructure, and

clear leadership from governments to accelerate
change. These foundational steps are accompanied
by actions that outline specific activities that could
be undertaken by the UK government.

Demonstrating leadership in monitoring and
reducing the environmental impacts of Al systems
and services also presents opportunities to align
environmental goals with broader social and
economic aspirations. The transition towards
environmentally sustainable Al must address not
only environmental concerns, but also ensure social
and economic equity and inclusivity, and should
therefore appropriately reference Just Transition
frameworks.®”

This report is the first on Al sustainability from our
engineering responsible Al programme, which
will continue through 2025, building on these
foundational steps to produce further advice

for decision-makers. This will include additional

consideration of how the environmental impacts
of Al systems and services can be monitored and
reduced - including direct impacts from use and
indirect impacts arising from behavioural changes
precipitated by use.

There is a unique opportunity at the present
moment, while Al remains an emerging
technology, to embed environmental sustainability
as a key requirement for future systems and
services. However, finding the appropriate means
by which to promote sustainability via regulation,
standards, and guidance over the longer term
requires policymakers to have greater clarity on
where and how the environmental impacts of Al
systems and services arise.

No jurisdiction will be able to solve Al
sustainability on its own, but there is an
opportunity now for leaders to establish
themselves and facilitate collaboration on this
global challenge. We welcome opportunities to
collaborate with likeminded organisations who
are passionate about engineering responsible
Al and minimising the environmental risks to
collectively drive change.
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Annex A

Environmental impacts

This section provides further evidence on how Al systems are
impacting demand for energy, water and critical materials.

Energy

Estimates of Al's future energy demands vary

and usually focus on the energy demand from
data centres. However, while estimates of

future demand have varied significantly, they
consistently indicate that increasing demand
from Al will impact electricity grids on a local level
at a minimum.

The divergence between the IEA’s Electricity 2024
and World Energy Outlook 2024 exemplifies
how significantly estimates can vary. The former
suggests data centre energy consumption could
expand by as much as 540 terawatt-hours by
2026,28 an amount greater than Germany's total
electricity consumption in 2021.8° The latter
suggests data centre electricity demand could
grow by 223 terawatt-hours by 2030.%° This is
comparable to the total electricity consumption
of Spain in 2021.2" While significantly less than the
projection offered by Electricity 2024, the World
Energy Outlook 2024 scenario still projects data
centre demand to negatively affect electricity
markets at the local level.

In some jurisdictions, this may mean bringing
non-renewables online to service the energy

demands of Al. It has been estimated that, “US
data centres’ increasing energy demands will
lead to additional gas demand of between

3 and 6 billion cubic feet per day by 2030.”92
For context, the whole of the UK consumed

an estimated 6.14 billion cubic feet per day in
202393

In the UK, 2024 brought concern over future
energy demands from data centres with

John Pettigrew, Group CEO of National Grid,
suggesting that total energy demand from
data centres in the UK could increase sixfold

in the next 10 years.?* These concerns may

be heightened in the future as agent-based
systems gain greater popularity. Agent-based
systems require a higher level of inference than
more traditional generative Al systems, which
may cause energy costs to spiral - as, already,
inference has been estimated to account for as
much as 80% of Al computational demand.®>

This increasing demand adds to the systems-

level challenge of achieving grid decarbonisation.

According to the Clean Power 2030 Action
Plan, current projections indicate that for the
UK to reach its goal of at least 95% of energy
generation coming from clean power, current
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wind and solar capacity must increase by
approximately 2.7 times.?® As such, where Al
continues to add to electricity demand, it will
increase the scale of the clean energy generation
challenge.

Water

Water consumption from data centre operators
continues to rise year on year according to major
provider reports. For instance, both Google and
Microsoft have reported year-on-year increases
in operational water consumption since 2020
(Figure 1).°7 Many of these water withdrawals
come from potable water sources: Google
reported that approximately 78% of their global
water withdrawals came from potable sources in
its 2023 fiscal year.?®

However, while much of the publicly accessible
data cites global figures for water withdrawals
and consumption, water is a local issue. Data
centres, generally, withdraw and consume water
from nearby sources, meaning that businesses
and communities located in regions with a high
concentration of data centres could be exposed
to the risk of water scarcity.

In the UK, should data centre consumption of
potable water continue to rise, water scarcity
issues may too arise in several regions. According
to analysis from the Environment Agency, total
public water supply demand deficit in England
is estimated to reach 3040 million litres per day
in 2040 and 4860 million litres per day in 2050.%°
By 2030, seven regions in England are predicted
to be severely water stressed.'°° London, which
accounts for 77.3% of the UK’s data centre
market, is amongst those regions.'”

Water, however, is not exclusively consumed
during the use phase of an Al system. Significant
guantities of water are consumed in the
manufacturing of compute components. An
average chip manufacturing facility today

can use over 37 million litres of ultrapure

water per day - as much water as is used by
33,000 US households every day.'°? The global
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semiconductor industry uses an estimated

1.2 trillion litres of water every year.'°® Water is

also consumed in significant quantities during
electricity generation, “through cooling at thermal
power and nuclear plants and expedited water
evaporation caused by hydropower plants.”1%4

Critical materials

The consumption of critical materials across
the Al lifecycle creates both environmental

and strategic risks. The hardware components,
including both general-purpose and specialised
Al components, that sit within data centres,
networks, and user terminals, are made up of a
variety of critical materials including antimony,
gallium, indium, silicon, and tellurium.

Where recycled critical materials are not
available, they must be sourced via mining.
Mining operations cause environmental harms
such as the loss of land (including carbon
sinks), loss of habitat and biodiversity through
direct displacement and chemical pollution,
and drought and freshwater pressures that can
impact local ecosystems.'0>

Demand for these materials is rising and
specialised Al components are a particularly
strong driver of demand. Taiwan Semiconductor
Manufacturing Company Limited (TSMC) has
pledged to double its production to meet this
demand.'®® This is reportedly driven in ho small
part by NVIDIA, which has announced plans

to increase the rate at which it rolls out new
products.'®”

This increasing demand poses a strategic

risk, as the complex supply chains enabling
compute production are highly internationalised.
Semiconductor chip production inputs cross
around 70 international borders.'°8 Disruptions
to these international supply chain flows can
cause shortages, which can in turn cause
significant economic disruption. For example, a
silicon supply shortage that started in 2020 was
estimated to have disrupted global GDP growth
by 1% in 2021 and affected 169 sectors.'°?
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Recycling and reuse can both reduce the demand
for critical materials and reduce strategic risk
associated with exposure to supply chain
disruption. The UK performs particularly poorly in
this area, generating the second highest amount
of e-waste per capita at 23.9 kg in 2020."° Between
2008 and 2022, IT and telecoms e-waste almost
doubled in the UK

While there is relatively little data available on
total e-waste generation attributable to the use
of Al systems, one study focused on generative Al
found that total global accumulation of e-waste
from these systems could reach between 1.2 and

5.0 million tonnes during 2020 to 2030, and that
implementing circular economy strategies along
the generative Al value chain could reduce e-waste
generation by between 16 and 86%.1?

Industry has begun to act on e-waste - with
some of the larger stakeholders in the value
chain creating initiatives to improve reuse and
recycling rates. These initiatives have produced

improvements, albeit not consistently. For instance,

Microsoft has seen its reuse and recycling rates for
servers and components fluctuate from 86.7% in
fiscal year 2020, to 76% in fiscal year 2021, to 82%
in fiscal year 2022, to 89.4% for fiscal year 2023."3
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