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Abstract

This paper outlines the ethical implications of Al from a climate perspective. So far, much of the discussion around Al ethics
have focused on bias, unexplainable outcomes, privacy and other social impacts of such systems. The role and contribu-
tion of Al towards climate change and the ethical implications of its contribution to an unjust distribution of impact on the
planet, humans and flora and fauna have not yet been covered in detail within the technical community. Within this paper,
we aim to raise some of the issues of Al associated with climate justice and we propose a framework that will allow the Al
and ICT industries to measure their true impact on the planet, propose an organisational structure to take this work forward

and propose future research areas for this important topic.
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1 Introduction

The significant majority of work around AI ethics has so
far been focussed on a limited problem set of issues. This
is because Al ethics has “largely emerged as a response to
the range of individual and societal harms that the misuse,
abuse, poor design, or negative unintended consequences of
Al systems may cause” [1]. These are extremely important
issues and can be summarised around a few areas:

¢ Bias and discrimination, where Al reinforces existing
structural issues in society along racial, socio-economic,
gender or other lines.

¢ Denial of individual autonomy, recourse, and rights,
where responsibility for the decisions taken by AI makes
it extremely difficult to pinpoint responsibility.

¢ Non-transparent, unexplainable, or unjustifiable
outcomes, where algorithms produce results that affect
peoples’ lives that are unclear or not easily explained to
the end-user and sometimes even the system designer.

e Invasions of privacy, where the extractive nature of
data collection to fuel Al is itself responsible for caus-
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ing infractions of privacy. Alternatively, the role that Al
systems play in nudging people can be privacy invasive.

e Isolation and disintegration of social connection,
where an increased reliance on Al systems decreases the
requirement for face-to-face interactions creating a more
disintegrated social life.

e Unreliable, unsafe, or poor-quality outcomes, poor
design practices can lead to unreliable products.

One aspect of Al ethics that has not been as strongly
assessed, however, is its overall climate impact [2, 3], i.e., its
impact on the planet and the role that it has in contributing to
climate change. The significant majority of the discussions
focus rather on its positive effects on measuring or improv-
ing humanities response to climate change [4, 5]. As a result,
the impact that Al has from a climate justice perspective are
also not widely discussed the fact that the beneficiaries of Al
are mainly based in the so-called developed nations while
the lower GDP countries will increasingly face the burdens
of dealing with the environmental impact of Alj; initial work
in this space has been done related to e.g., impacts of the
semiconductor industry [6-9], but there is no assessment of
the justice aspects of destroying the environment in Malaysia
for the benefit of users in the USA, Europe, Oceania and
elsewhere in Asia.

This paper, therefore, assesses Al systems from the ethi-
cal perspective of climate change and compares the approach
the ICT industry is taking with another high climate impact
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industry—construction. Finally, it proposes a framework to
properly measure the overall impacts of Al from this view-
point and provides recommendations about how the frame-
work should be implemented within the ICT industry. We
consider proposing a unified measurement framework for
climate impact of ICT as a critical aspect to include in ethi-
cal discussions around AI. Without correct measurements
and unified frameworks, it will be impossible for the ICT
industry to assess how it will manage and mitigate its role in
dramatic climate change across all industries and all human
activity.

2 Climate change and climate emergency

To understand the impact of Al on the climate change
agenda, we must first understand the overall impact of cli-
mate change itself. This section provides a brief review of
climate change and the necessity for action by all industries.
In its landmark report in 2018 [10], the IPCC outlined
possible scenarios associated with increases in average
global temperatures between 1.5 and 2 degrees C. Despite
demands for action to ensure that the earth does not exceed
these temperatures, each year it seems that new records are
set—2019 was 1.1 degrees higher than pre-industrial tem-
peratures [11] and saw new records for bushfires in Australia
and the USA that were deemed to be the result of cascade
effects of climate change [12]. The IPCC report predicts
an overall increased frequency and magnitude of extreme
weather events from heatwaves, droughts, flooding, winter
storms, hurricanes as a result of increased average global
temperatures [10]. Further research has set out the current
and predicted impacts of our current climate trajectory:

e 30 per cent of the world’s population is exposed to deadly
heat waves more than 20 days a year [13] and 2019 was
the second hottest year on record [11].

e Average temperatures for the 5-year (2015-2019) and
10-year (2010-2019) periods are the highest on record
(1]

e In 2019, total greenhouse gas emissions, including land-
use change, reached a new high of 59.1 gigatonnes of
carbon dioxide equivalent (GtCO2e) [14]

e Based on today’s insufficient global commitments to
reduce climate polluting emissions, a rebound in green-
house gases from a return to high-carbon societies after
the pandemic may push 2030 emissions even higher—up
to 60 GtCO2e [14].

A catastrophic breakdown of climate is likely to result in
entire eco-systems being destroyed with the consequences
being in some cases irreversible [10]. Death and disease
are predicted to increase dramatically as global warming
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increases [10, 15], illustrating that climate change may com-
promise rights to life, liberty and personal security all of
which hold a profound set of ethical implications.

It is becoming increasingly clear, therefore, that we can
no longer afford to ignore the climate impacts of the sys-
tems and solutions that we build. We are facing a climate
emergency and despite many statements and promises by
governments and corporations worldwide, concerted and
co-ordinated action is still lacking at the levels required to
ensure our world is liveable; all industries, all consumers
and all governments must act together to end climate change,
this process must start with an honest assessment of the true
impact any particular industry has.

3 Environmental ethics and climate justice

Environmental ethics draws from existing ethical literature;
there are strong links for example to the concepts of utili-
tarianism [16, 17] deontology [18] and care [19]. A critical
aspect is the notion of care in particular with its application
to understanding our impact—and, therefore, responsibili-
ties towards—current and future generations that will be
impacted by our actions today. Jeremy Bentham’s utilitari-
anism is based on maximizing the good for the most people
over the longest time, and he further stated that we all tend
to value near-term, future benefits more than those in the
more distant future; this has often been the approach taken
in climate discussions—asking people to think about their
children and their grandchildren and what type of planet they
will be leaving them—i.e., distributive justice.

A key issue that until recently has often been overlooked
in the discussions about climate ethics, however, is the dis-
tribution of the impacts of climate change across the world
today. The impacts of climate change are increasingly rec-
ognised as being unevenly distributed across the globe—
with people who are benefitting least from the consumption
often paying the highest price in terms of climate change. A
fundamental question—namely when do individual rights
need to take a back seat compared to the overall rights of
the planet and other creatures and indeed future generations
emerges as a result of analysing climate issues through the
lens of utilitarianism, deontology and care. Indeed, some
attempts to manage these contradictions have been made by
e.g., Sagoff [20], who suggests that “ethics of care” should
have value, love, and caring for other people and non-human
life. Irrespective of the ethical framework taken, the order
and magnitude of the climate question renders the moral
need to act.

Another ethical perspective that can be taken is that of
(political) justice—what is the just use of resources and
distribution of wealth, risks and impacts? Hayward [21]
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illustrates four main approaches from ethical literature and
climate change that we can usefully draw from:

1. Responsibilities i.e., of individuals, organisations, gov-
ernments etc.

2. Links between Human Rights and climate change i.e.,
how climate change impacts the dignity of humans with
respect to their safety, access to amenities, education,
etc.

3. Justice in the present versus justice in the future i.e., the
ethical questions regarding the rights of future genera-
tions to derive value and live well on earth.

4. Relation between individual and collective responsibili-
ties i.e., questions regarding the liberty of an individual
in contexts when that liberty has devastating conse-
quences to the environment, whether action can mean-
ingfully be taken at an individual level or through nation
(industrial strategy), etc.

The previous focus for the technical community around
Al ethics has been technology deterministic—i.e., the focus
has often been an immediate development of a technical
solution to ethical problems. For example, rather than tak-
ing a step back and assessing the overall ethical implica-
tions of AI, what has emerged are a number of frameworks
that ensure that Al is used “safely”, “ethically” and “don’t
have bias” etc.... Other approaches have instead applied
more technology to solve these ethical issues—through the
development of algorithms and statistical analysis methods
to prevent the inclusion of biased data. These approaches are
in themselves fraught with inherently ethical dilemmas—
namely who’s ethics are we talking about? What is ethical?
Who decides what an ethical algorithm looks like? Who
and how to enforce these? All of these ethical issues are
also present in any discussion about Al and its impact on
the climate—and it is ethics itself that can help us provide
clarity and order to our ideas both about climate change
Hayward [21] and about AI’s impact on climate. In fact, Al
has entered the climate change debate as a possible solu-
tion—where recently proposed legislation on Al by the EU
talks about utilizing Al for climate modelling without dis-
cussing the environmental impact of Al [22].

A final perspective around environmental ethics—in
particular when it comes to Al and climate justice—are the
non-Western-centric perspectives and their inclusion in the
discussions regarding both the social impacts of Al and the
environmental impacts. Al in particular is resource intensive
and the vast majority of Al ethics frameworks have come from
China, UK, EU and the United States. These frameworks can
run the risk of ignoring the social, legal and ethical landscapes
of non-Western and lower GDP economies across the world.
In particular from an environmental and climate justice per-
spective, ignoring these perspectives can at best lead to a

perpetuation of western ideals that have previously not ensured
best possible outcomes for all nations and people in the world
and at worst appear as patronising and neo-colonialization
using digital technologies. Concepts such as Ubuntu [23] and
learning-based transformations towards sustainability inspired
by Humberto Maturana and Paulo Freire [24] in Latin America
have as much to offer the ethics of Al discussions and the
frameworks that can be developed to help manage them [25,
26] as any western framework. In particular, their approach to
creating common ground and common understanding around
different contexts is a critical benefit.

With regards to climate justice, however, there is an extra
incentive to adopt and integrate the non-Western frameworks,
perspectives and ethics—namely that such knowledge can
assist in the mitigation of the effects of climate change itself.
In fact, there is much to be said that Western perspectives and
frameworks could be expanded by more detailed collaboration
with traditional and indigenous ethical frameworks [27]; tra-
ditional ethics can teach us much about how to live in difficult
environments and deal with radical change. As an example, the
Northern Territory Australian Aborignals Karparti Ecology
could be applied to the global discussions around the impact
of AL:

“The term karparti is based on the Kriol word for the
English expression ‘cup of tea’...The phrase ‘karparti’ is
used here as an analogy for an unhurried and respectful
approach to discussions or research with senior custodians
of knowledge on mutually beneficial terms” [28]

Such systems of ethics have survived millennia exactly
because they can be used to successfully navigate complex
systems of change, so much so that a “sea change” should be
sought [28] in how we approach environmental discussions—
and the inclusion of non-Western perspectives is critical to
ensuring the ability of discussions around Al ethics to have
any genuine impact on the world.

In summary, the climate emergency therefore calls for
urgent action to radically transform current unsustainable
models of consumption; such transformations cannot be left to
the consumers alone to become “green”, “conscious” or other
similar phrases that are often used within corporate circles
but need to be delivered by industries themselves. Industries
need to take responsibility for the climate impact their solu-
tions have and take the steps required to mitigate the impact
of them. To assist the Al industry, take the concrete steps
required, we have developed a framework for measuring Al
impact on climate.

@ Springer



366

Al and Ethics (2022) 2:363-375

4 Existing approaches to climate change
within the ICT industry

It is interesting that in the middle of a climate emergency,
the significant majority of discussions around technology
and its impact on climate change are positive; namely they
are aimed at the discussion about how technology is going
to help us cope with climate change [29]. The United States
in particular seem to place a significant amount of faith in
technology and innovation to help solve the climate crisis,
rather than to change the behaviour of industries and citizens
[30]. The EU also seems to be taking an innovation drive but
are also working to ensure that changes in behaviour across
industry and citizenry are implemented [31].

This rhetoric is repeated within the ICT industry itself in
a more global fashion; the significant majority of statements
about ICT and climate change are positive—illustrating use
of data or new technologies including Al will help “solve
some of the world’s most intractable problems”; a phrase
that seems to be repeated so often as to have become a man-
tra for the industry. This indeed may be true, but what is
missing is a depth of understanding about the actual overall
climate impact of the ICT and Al industries themselves and
a unified method of measurement.

Climate change itself has naturally not gone unnoticed
by some of the largest proponents of Al—recent announce-
ments across the ICT industry can read as though they are
the heart and soul of responding to the climate emergency.
Below is a summary of the pledges made by four of the larg-
est Al producers in the world during 2021 alone:

4.1 Amazon

Amazon’s Climate Pledge has 105 signatory companies
agreeing to achieve net-zero emissions by 2040. They have
committed $2 billion to invest into technologies that slow
climate change [31].

4.2 Google

Google has a goal to operate 24/7 on carbon-free energy by
2030 while already running their operations 100% on renew-
able energy; have commissioned $4 billion to purchase clean
energy from 50+ wind and solar projects through 2034 [32].

4.3 Apple
Apple has ambitious goals to become carbon neutral across

its entire value chain by 2030—20 years sooner than IPCC
targets. With the launch of the ‘Restore Fund’, Apple along
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with Goldman Sachs and NGO, ‘Conversation International’
has commissioned a $200 million investment fund to pro-
mote sustainable forestry [33].

4.4 Microsoft

Microsoft promises to be ’carbon-negative’ by 2030 and
remove their historical carbon emissions by 2050. Their
climate innovation fund will fund $1 billion over the next
4 years towards new technologies that help fight climate
change [34].

While these commitments are commendable, one of the
biggest issues associated with them is the fact that there is no
unified method for measuring the impact of the Al industries
moving to be “carbon neutral” or “carbon negative”—as a
result many of these commitments may be unmeasurable
or left to self-measurement. More importantly, there is a
distinct lack of clarity of what it means to remove histori-
cal carbon emissions—and little information is provided for
these types of claims except “all the carbon the company has
emitted either directly or by electrical consumption since it
was founded in 1975” [34] in Microsoft’s case. Despite the
bold claims, therefore, they are likely to fall significantly
below the necessary actions to ensure that the world meets
its climate targets. It will also prove difficult for companies
to be held to account.

Moreover, from a global perspective there has been little
unified cross-sector approaches to ensuring the measurement
of ICT systems can be addressed. While some of approaches
are useful to manage and mitigate some of the impacts of
ICT on climate, there is currently no real framework that
provides a unified perspective on climate change impact
of ICT—as a result, there is little opportunity for a cross-
industry approach to ensuring ICT meets its climate targets
and promises.

As an example, the International Telecommunications
Union (ITU) acts as the main normative standards devel-
opment agency for the global ICT industry. The ITU has
worked on “green ICT standards” and produced 117 stand-
ards, recommendations and supplements since 2011 [35]; we
have summarised the main standards and supplements pro-
duced between 2019 and 2021 in Table 1. As can be seen in
Table 1, much of the work in the ICT industry has focussed
on the type of energy used to fuel the systems in place—
namely the operational carbon production. ICT companies
have so far, therefore, been able to claim green status by
solely promising to move towards renewable energy sources
for their networks and systems, more commonly referred
to as operational carbon emissions—i.e., carbon emissions
released through the energy/electricity consumed running a
system. As will be discussed in subsequent sections, opera-
tional energy consumption in only one very small aspect of
carbon emissions in the ICT industry—and a total system
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Table 1 (continued)

Scope

Summary

Title

Rec No

Sustainability perspective

Greenhouse gas emissions trajectories for the information and communica- Recommendation ITU-T L.1470 provides detailed trajectories of green-

L.1470

house gas (GHG) emissions for the global information and communica-

tion technology sector compatible with the UNFCCC Paris Agreement

tion technology (ICT) sector and sub-sectors that are quantified for the

year 2015 and estimated for 2020, 2025 and 2030. In addition, Recom-

mendation ITU-T L.1470 establishes a long-term ambition for 2050. The

trajectories, the long-term ambition and the 2015 baseline have been

derived in accordance with Recommendation ITU-T L.1450 and through
complementary methods in support of the 1.5 °C objective described by
the IPCC in its Special report: Global warming of 1.5 °C and in support

of the Science-based Targets (SBT) initiative

view of embodied carbon is required to ensure that the
industry is able to measure and achieve its goals effectively.

Our review of these standards reveals two main types—
ones that are Technology Deterministic and those that are
taking a Sustainability Perspective:

Technology deterministic standards are those that are
about technology creating positive impacts on the climate—
for example using ICT for smart cities or for energy effi-
ciency improvements. These standards or recommendations
mainly take into account the operational energy or carbon
emissions of a system or component of a system.

Sustainability perspective standards are those that attempt
to manage/mitigate the role of ICT in the creation of envi-
ronmental damage—at first glance many of these types of
standards may seem to address the issues of sustainability
in the ICT industry, however, all of these standards focus
on small aspects of the industry—e.g., mobile devices or
data centres rather than providing a systems perspective.
These standards, therefore, do not provide a broad enough
spectrum to allow for analysis of any entire ICT solution—as
a result the total impact of the ICT industry remains uncap-
tured in this regard.

Other industries have provided their constituents with
uniform and cross-industry frameworks and standards to
ensure that the entirety of the carbon emissions produced
by a system are fully accounted for and can be actively
understood and mitigated. One example is the construction
industry—we turn our attention now to their approach to see
if we can apply similar frameworks into the ICT industry;
the structured work by the ITU could act as partial building
blocks in an entire industry/system perspective for measur-
ing the environmental impact of the industry. In addition,
due to the standardised component nature of the ICT indus-
try itself, it lends itself readily to pre-compiled sets of data
for environmental impact assessment.

5 Other industry approaches to climate
change

As discussed, the ICT sector is lagging behind for participat-
ing in initiatives to address climate change. There is a lack
of unified vision on what the goals and benchmarks will be
as well as independent assessments where the industry col-
laborates and participates. Other industries have taken a very
different approach to the issue of climate change, for exam-
ple the construction industry. The role of construction and its
large impact on climate is well-documented and understood,
e.g., the built environment contributes around 40% of the
UK’’s total carbon footprint [36]. As a result, many initiatives
have been developed over the years to assess, measure and
mitigate its impact.
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One such approach that the construction industry took
was through a cross industry effort to measure not just
operational carbon, but embodied carbon. Embodied car-
bon relates to those emissions that are associated with
materials and construction processes throughout the whole
lifecycle of a building or infrastructure. This includes the
carbon used for the extraction of component resources,
as well as the design, construction phases. In addition,
embodied carbon relates to the use aspects that are not
covered by operational energy consumption — within con-
struction these types of carbon emissions are often associ-
ated with the chemical reactions that cause CO2 emissions
from concrete as the building [37].

The result was a standard EN 15978 more commonly
referred to as the Carbon Hierarchy Framework, which
sets out methods for the industry to measure not just
operational carbon, but also the embodied carbon in the
manufacture, construction, use and demolition of build-
ings. Through using this framework, a co-ordinated effort
across the entire construction industry in approaching “Net
Zero”—or achieving a balance where the amount we add is
no more than the amount taken away—becomes possible
and achievable. Through promoting holistic thinking about
the carbon impact unintended consequences are surfaced,
properly dealt with and therefore become more avoidable.
It contains not just the operational impacts of a building,
but the entire lifecycle impact of a building from design,
manufacture and all the way through the decommission-
ing. An important part of this is about the embodied car-
bon—the carbon that is the resultant emissions from all
the activities involved in the creation and demolition of a
building [38].

The carbon hierarchy framework is split into five
phases—four which are active parts of the system boundary
associated with the building and one that is external to the
system boundary of the building in question. Briefly, the first
four phases are: cover “Carbon emissions associated with
materials and construction processes throughout the whole
lifecycle of a building or infrastructure” [38]—as a result
embodied carbon includes:

1. Production phase: material extraction, transport to man-
ufacturer, manufacturing.

2. Installation/construction phase: transport of equipment
to customer or site, construction.

3. Use phase: use (e.g., concrete carbonation), mainte-
nance, repair, replacement, refurbishment.

4. End-of-life phase: deconstruction, transport to end of
life facilities, processing, disposal.

5. Beyond the lifecycle phase: “Carbon emissions or emis-
sions savings incurred due to reuse or recycling of mate-
rials or emissions avoided due to using waste as a fuel
source for another process. This is key for maximising

@ Springer

resource efficient uses of materials at the end of life.”
[38]

The structured approach to building and implementing an
ICT system is not that dissimilar to the creation of infrastruc-
ture such as a building—many of the processes may be con-
sidered similar. In fact, the ICT industry often takes phrases
from the built environment for that exact reason—software
and systems architecture, Systems Design and Engineering,
Refactoring, etc. all evoke areas of construction. In particu-
lar large-scale systems that rely on data centres, cloud com-
puting, mobile networks and other similarly dimensioned
systems can usefully learn from the construction industry
in terms of measurement of both operational and embodied
carbon; in particular the definitions used in the EN 15978 are
of interest. We discuss these in the next section.

6 Al and the climate emergency

Within this paper, we focus on one specific area of technol-
ogy to understand the true impacts of digital technologies on
the climate emergency and the associated ethics of climate
and environmental justice—AI. We have taken inspiration
from the work in the construction industry to assess and sur-
face the entire concept of embodied carbon. As operational
carbon becomes effectively managed, embodied carbon
becomes more important in ensuring that we are actively
working to reduce our emissions. Through a strong focus
on operational carbon emissions, the ICT industry has been
able to claim mainly that they contribute positively to the
overall environmental emergency by claiming that the ICT
industry ensures efficiency, capturing and analysing data in
new ways to help us understand the climate changes facing
us more effectively. This has been possible as the technol-
ogy industry has largely ignored the full impact of its supply
chains across the world.

Because Al and machine learning systems organically
improve with the enlargement of access to data and the
growth of computing power and it “may not be long before
Al technologies become gatekeepers for the advancement of
vital public interests and sustainable human development”
[1], their increasing use means increasing use of both pre-
cious, non-renewable and rare natural resources as well as
dwindling carbon budgets; Al systems are power intensive
and semiconductor hungry systems. Without drastic changes
to the way this sector operates, this growth will consume
vast amounts of our available natural resources. Measuring
the entire life cycle of carbon across its entire supply chain
is, therefore, critical for society to be able to make robust
choices about where and when it applies these technologies.

In the same way as the construction industry, carbon
emissions associated with ICT are released not only during
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the operational life, but during the manufacturing, trans-
portation, construction and end of life phases of digital
infrastructure. These type of emissions, or embodied car-
bon, have been overlooked but contribute large amounts of
carbon. In the construction industry about 11% of global
emissions are caused by embodied carbon [38]. If a true
representation of the carbon emissions of an Al system
is to be assessed therefore, the upfront carbon—or those
emissions that are released prior to the system being used
are critical to assess as it will consume large parts of the
world’s carbon budget. Al systems are heavily dependent
on hardware—specifically semiconductors. Research by
consulting company McKinsey illustrates an 18% increase
in the sales of semiconductors associated with Al than for
non-Al semiconductors [39]. While the current focus of
the ICT industry has been on operational carbon, namely
the type of energy used to run a digital infrastructure
once it is built, significant amounts of carbon go into the
design, material extraction, building and installation of the
system—these types of carbon now have a high level of
importance as a proportion of total emissions; as a result
we need to measure these as well as the operational car-
bon to ensure that efforts to mitigate and control climate
change are focussed on the correct actions.

The supply chain of Al is illustrated briefly below:

As can be seen, the ICT industry has focussed mainly
on measuring the operational carbon of the final system—
a very small part of the entire supply chain. Figure 1 also
illustrates the embodied carbon that is currently unmeasured,
this includes but is not limited to:

1. Semiconductors: mining, mineral extraction and water
impacts.

2. Sub-component manufacture: mining, rare mineral
extraction, water impacts, plastic consumption for cas-
ings.

3. Technology vendors: mining, rare mineral extraction,
water impacts, plastics for casings

4. System integration: design, installation and plastics for
casings.

7 Suggested solution

Our brief review illustrates that in comparison to the con-
struction industry, the technology industry is poorly organ-
ised in comparison when it comes to net zero goals. There
are a few standards that are around, some are in development
that relate to ICT and the “green” agenda—but none that
provide the methods to measure the embodied carbon within
technology systems from a holistic systems-thinking per-
spective. If the technology industry is unable to take simi-
larly robust approaches to assessing not just carbon impact
but the environmental impact of digital technologies, then
the technology deterministic approaches are doomed to fail-
ure—and indeed may just make things worse.

Taking the construction industry as inspiration, we have,
therefore, adapted the EN 15,978 standard to outline an ini-
tial framework that captures the embodied carbon hierarchy
within the technology industry. Instead of a building, our
unit of analysis becomes a Technical System—the entirety
of the system in question from the design phase, the product
development phase (for each of the components of the sys-
tem in question), any new buildings or masts that are built
for the infrastructure, as well as the operational and eventual
sunsetting of the system.

To understand the real embodied carbon of a technology
system, however, we need to also think through the con-
struction of a system—this includes the mining performed
to extract minerals and other precious metals to build the
chipsets that comprise the system.

An initial overview framework could look as per Fig. 2:

The significant majority of existing analyses focus
on operational carbon and therefore on only one part of
the entire carbon hierarchy. Such analyses rely on ensur-
ing that systems are using renewable energy sources or

Embodied Carbon: Currently unmeasured by ICT industry

Semiconductors Sub- Technology
Components Vendors

System

Integrators Final System

>

Mining, Mining, Mining,

Rare Mineral Extraction Rare Mineral Extraction

Water Impacts Water Impacts Water Impacts
Plastics Plastics

Fig.1 Simplified supply chain of Al adapted from [39]

Rare Mineral Extraction

Design, I—,

Installation,

Plastics Operational
Carbon —
Current Focus
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Whole life Carbon

SYSTEM LIFE CYCLE
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BEYOND SYSTEM LIFE CYCLE
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Fig.2 Embodied carbon measurement framework for ICT (adapted from EN 15978 to Al supply chain)

similar improvements. As can be seen in Fig. 1, how-
ever, there is a far broader area of carbon that needs to
be assessed and addressed in the entire lifecycle of ICT
systems.

8 System life cycle

To understand the carbon impact of a technology solu-
tion, we adapt the work from EN 15978 embodied carbon
includes.

1. A production phase: material extraction, transport
to manufacturer, manufacturing.

2. An installation/construction phase: transport of
equipment to customer or site, construction (if required
for e.g., mobile base stations).

3. A use phase: maintenance, repair, replacement,
refurbishment.

4. An end-of-life phase: deconstruction, transport to
end of life facilities, processing, disposal.

5. Finally, we need to capture impacts external to the
system boundary—these are often positive impacts where
components can be re-used, so there is a:

Beyond the lifecycle Phase: Carbon emissions or
emissions savings incurred due to reuse or recycling of

@ Springer

materials or emissions avoided due to using waste as a
fuel source for another process.

9 Suggested implementation

A key issue around the development of such a framework
would be who could lead it? The efforts would need to be
cross-industry and developed in a similar fashion to the
EN 15978 standard. It would require input from indus-
try, government and other stakeholders to ensure that the
ambitious goals for climate change in the ICT industry; the
urgency of the climate change we are undergoing should
mean that this is completed within two years. Several
routes to develop this could therefore emerge:

e Regional work starts as was done for EN 15978, which
started as a BSI standard in the UK

e An open call is developed across the EU to co-develop
this across all stakeholders

e Through this work, a new European Standard could
be developed along the lines of EN 15978 for the ICT
industry

e The ITU could work to expand the standard and have
it ratified at a global level
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There ought to be an open and transparent discussion
between the EU and the ICT industry and general pub-
lic on the impact, effectiveness and measurement of this
standard for the common benefit.

10 Future work

This paper has assessed concerns associated with GHG
emissions and outlined some initial steps to a unified frame-
work that can assist the ICT industry properly assess and
implement its ambitious goals to assist with climate change.
The framework is designed to understand the climate justice
implications of use of Al across the globe and outlines a sug-
gested global cross-industry effort to measure and mitigate
the impact of ICT. Such an initiative could go some way to
ensure Al is ethical and appropriately developed.

GHG emissions are really only one part of the story, how-
ever. In addition to GHG and embodied carbon, the ICT
industry could usefully assess other aspects of climate jus-
tice in the development of its systems, and we propose that
our framework could be expanded to include these aspects.
Other areas include adverse impacts on the environment
from semiconductor manufacture—including groundwater
and air pollution and generating toxic waste as a by-product
of the semiconductor manufacturing process. For example,
“fabricating a small 2 g microchip requires 32 kg of ware,
1.6 kg of petroleum and 72 g of chemicals. If we multi-
ple those values by the millions of chips manufactured in
just one factory each year, the result will serve evidence
for large-scale wastage of water along with the generation
of toxic chemicals” [40]. Such a framework would prove
extremely useful for the entire ICT industry, not just Al.
As discussed previously, one key difference between the
construction industry and the ICT industry is the require-
ment to measure carbon carbonation—namely the chemical
reactions of concrete between its. One aspect that could be
usefully investigated in the ICT industry in a similar line are:
abiotic depletion, use of limited and rare materials such as
lithium for batteries or other rare earth minerals and metals.
Many of these are not finite resources in the world and as
such considering abiotic depletion may increase the focus
on designing physical elements of ICT for easier recycling
to allow precious resources to be recovered.

Future work could, therefore, usefully include a full
environmental impact assessment framework for the Al
industries—this can in turn help society make more effec-
tive decisions about what use cases of Al are appropriate
and where the world can afford to apply these technologies
and where it cannot.

11 Conclusions

The necessity for the ICT industry to measure its embodied
carbon, rather than just its embodied carbon contributions
to the carbon emissions is long overdue. A cross industry
approach, similar to the one applied in the construction
industry is required to ensure that the ICT industry can
meet and exceed its ambitious targets. It is also necessary
to ensure that industry promises with regards to carbon
emissions can be effectively measured in a transparent
manner that the world’s population can truly understand.
The ICT industry is ideally placed to provide a world-
leading example measurement of embodied carbon—mainly
due to the use of heavily standardised chipsets, semiconduc-
tors and componentry across a large variety of systems—the
embodied carbon could therefore be measured collectively,
rather than needing to be done for every individual project,
making the assessment of climate impacts from ICT systems
systematic and user-friendly. In addition, the creation of a
standard under the auspices of the European Union standards
framework could galvanise industry activity and innovation
to dramatically reduce the climate impact of the ICT indus-
try. Further work in this space could be to assess the water
impacts of ICT and issues around abiotic depletion.
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