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Abstract The rise of sociotechnical systems means that we and our systems are more
interconnected than ever before. This is especially true in sociotechnical systems
that incorporate Artificial Intelligence (AI), where systems can make decisions to
achieve their goals that may unintentionally positively or negatively impact other
entities if they are unable to consider the wider impact of their actions on other
systems, people, and the environment. These unintended interactions, or unintended
consequences of their actions, can stem from colocated systems pursuing conflicting
or competing goals, a lack of awareness or consideration for the embodied societal
or environmental cost of the system, or even through enabling Al systems to make
potentially detrimental decisions or actions. Often, discussions on sustainability
focus on the environment; however, given the prominence of sociotechnical systems,
sustainability in the context of Al is now more than just this; although sustainable
Al encompasses its effects on the environment that manifest over time, we argue
that the sustainable Al systems of the future have an immediate effect on our social
fabric that must be considered in their design and operation.
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1 The Rise of Al in Sociotechnical Systems

The term ‘Artificial Intelligence’ (AI) has transcended the laboratory into the public
domain in recent years, with Al becoming increasingly integrated into the systems
we use to support us on a daily basis — for example, voice assistants powered by
Al such as Alexa or Siri [64]. The defining feature that distinguishes sociotechnical
systems from technical systems is that they coexist with and are integrated into
our society, therefore creating a two-way interaction between humans and systems;
Al systems can therefore be defined as a subset of sociotechnical systems, with
additional characteristics that incorporate artificial agents (in the case of Al, ‘agent’
refers to an artificial entity capable of interactivity, autonomy, and adaptability [33]),
as well as adherence to social and technical rules [63]. As Al encroaches on every
aspect of our human existence, the very fabric of our society is changing rapidly;
this now brings the issue of how Al not only impacts society in the sociotechnical
sense, but how Al systems — and our interaction with Al systems — impact the very
environment in which we coexist.

This transcendence of the term Al has now grown beyond being a tool for exclu-
sive use by academics and researchers, and has evolved into being used in everyday
systems enabled by Al by the public that affect our activities both as individuals
and as a society as a whole. At the societal level, Al systems have been intro-
duced that have impact on the activities of the public in general, for example: using
wearable sensors in healthcare applications, such as to support the care of the el-
derly [51]; assisting in the development and delivery of educational materials that
can be individually tailored [61]; modelling and predicting urban traffic to inform
city planning [37]; automating and supporting activities in the agri-food chain to
promote sustainable practices and reduce waste [48, 55]; reducing dangers to life
or injury in dangerous environments, such as through training simulations [15] and
disaster management [74]; reducing repetitiveness and improving the efficiency of
tasks in areas such as manufacturing and industry [19]; and generating or supporting
the production of media to be consumed by the public, such as news and journal-
ism [47, 62], or music, photos, and videos [43, 82]. Beyond the societal impact
of Al where individuals may benefit from the institutional adoption of Al through
education or healthcare, for example, individuals now have personal access to Al-
enabled technologies to assist in their own daily activities and entertainment, such
as: real-time access to information using natural language, due to the introduction
and integration of Large Language Models (LLMs) such as OpenAI’s GPT, Meta’s
LLaMA, and Google’s Bard into personal devices and the internet [12, 66]; Al-
enabled smartphones with features such as photo enhancement and Virtual Personal
Assistants like Siri, Bixby or Google Assistant [18]; personalised, individual experi-
ences in the form of recommended media such as films, TV shows, and music [45];
and targeted advertisements on online platforms and retail [49]. These innovations
have been made possible through the method of attention in machine learning [80],
which forms the basis of most modern Generative Al techniques. Classically, tem-
poral techniques were used in natural language processing, which suffered from the
open issue of more recent words being considered more important regardless of
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whether that is the case in reality. Attention mechanisms, on the other hand, are used
to determine relative importance of tokens within the whole sequence (e.g. each
word in a sentence). More recently, the concept of the Transformer network, the type
of neural network behind the Large Language Model, has become a prominent tech-
nique due to its capability and efficiency compared with sequential approaches [84].

This widespread integration of Al into society now raises questions about trust,
morals, and values [35, 63, 64] in the systems we use. Beyond the individual im-
pact of Al, the societal implications of Al in the form of decision-making [32, 54],
employment [49], and management of natural resources [1, 28] are evermore preva-
lent. Further questions arise regarding the negative environmental impacts versus the
benefits of using such systems [50, 81, 85], since the advancement and adoption of
Al technologies affect our sociotechnical environment both explicitly and implicitly.
In response to the rapid invention and global adoption of Al systems, there is now a
growing call to consider explainability, responsibility, ethics, transparency, and sus-
tainability [4, 32, 64, 85] in their design and operation to ensure their trustworthiness
and acceptance for the future.

This chapter explores the use of Al and the impact that these systems can have
on society, other systems, and the environment in the context of sustainable design,
practice, and usage. We argue that the sustainable Al systems of the future need to
not only consider their environmental impact in their design and operation, but that
it is now also increasingly important to consider the complex, and often unintended,
consequences of their inter-/actions with both their local and global environments,
and the individual and collective social impacts as well, due to the ubiquitous and
interwoven nature of modern Al-driven sociotechnical systems. We therefore posit
that sustainability in the context of Al encompasses the following attributes, which
will be explored throughout this chapter:

Sustainable Operation

The increase in technical, sociotechnical, and Al systems means that more natural
resources and energy are required to build, maintain, and operate these systems.
Sustainable operation reflects the environmental costs and effects of using Al on a
day-to-day basis, including both the embodied and operational costs of designing
the system through to daily operation, as well as considering the effects on the
environment itself through natural resource consumption.

Sustainable Societal Use

One of the benefits of using Al is that tasks or decisions can be completed faster
compared to human efforts. As the use of Al and other sociotechnical systems
prevails, we are increasingly interconnected as a society both through our data and
actions — with Al facilitating this on an accelerating scale. Sustainable social use of
Al reflects and acknowledges these new and often unknowable connections, ensuring
that human experience, employment opportunities, and autonomy are preserved.
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Sustainable Situatedness

Our sociotechnical environment is increasingly enriched with diversity in human
individuals, technical systems, Al systems, and the environment. Al systems do not
exist in isolation — they are interwoven into the complex network of connections
between actors and entities within our sociotechnical environment. Sustainable sit-
uatedness acknowledges the intricacies of both the local operating environment and
operation at a global social and environmental scale, with designers taking explicit
action to ensure Al systems act responsibly considering their impacts on both society,
individuals, and the environment.

Sustainable Acceptance

There is no doubt that AT has the potential to be harnessed for the good of society and
the environment if designed considerately and responsibly, with an understanding
of the system’s place in the sociotechnical landscape. Sustainable acceptance relates
to the public’s perception, trust, and acceptance of these systems, through educa-
tion and governance to empower individuals to make informed decisions based on
transparency and explainability in the system. Al systems may have remarkable ca-
pabilities for enhancing our daily lives and the environment in which we co-exist, but
awareness of the consequences of their actions at an individual level would provide
the public with information to understand and accept these systems as a sustainable
option to continue using in the future.

The remainder of this chapter explores these concepts and the use and impact of
Al on our society and environment, and ethical concerns raised about its widespread
adoption. Section 2 looks at the interconnectivity that we face through the use of
Al and the unintended consequences of its use in terms of sustainable situatedness.
Section 3 explores the unintended impacts of Al in social, ethical and environmental
contexts in the context of sustainable societal use and sustainable operation. Sec-
tion 4 then discusses the societal implications of Al in terms of it being a viable and
accepted tool to integrate into our society through the lens of sustainable acceptance,
with conclusions drawn in Section 5.

2 Increasing Interconnectivity between Al and Society

Modern systems are not just interconnected with themselves; the sociotechnical
systems of today have complex interactions with other ‘intelligent’ systems, the
environment, society and individuals, and systems that are not ‘intelligent’ or ‘so-
ciotechnical’ in the sense described in Section 1. The nature of our current and future
sociotechnical environment means that actors situated within this network may af-
fect each other, often in ways that are difficult to predict or understand. Sustainable
situatedness in Al systems here refers to systems that acknowledge the complexities
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of the sociotechnical environment in which they operate, and their effects on both
humans, other actors in the system, and the environment, with consideration for how
Al systems influence both individuals and society as a whole.

2.1 Towards Knowing the Unknown

As a society, we are both influenced by the increasing use of Al, and connected with
individuals across the globe more than ever before. The individual actions of humans
or the systems we use can have vast effects across our society, and these are often
hard to anticipate due to the scale and complex nature of the current sociotechnical
landscape. We use ‘society’ in this sense to refer to our global community, as even
those who do not directly use, or do not have access to Al systems are affected
by the environmental implications of their usage worldwide [44], thus connecting
individuals around the world. The institutional or commercial use of Al systems
also impact individuals — even those who do not explicitly or intentionally engage
with this technology personally. For example, it has been noted that Al systems
employed by law enforcement to curb violent or antisocial behaviour can lead to
a ‘self-fulfilling prophecy’ where the very behaviour the Al system intended to
reduce in fact increased due to the discriminatory nature of the data used to create
the system [4]. The actions of individuals, paired with biased and discriminatory
data, thus demonstrates the impact that Al can have on our society when used to
unintentionally connect individuals through data and potentially influence human
behaviour as a result. The role that bias in Al plays in our society is discussed in
more detail in Section 3.1.

The presence of Al does not only affect us through facilitating connections be-
tween individuals in our society — we are also affected by the interconnectivity of
the systems that we use. Pringle et al. [65] noted that a DDoS attack in 2016 had a
significant impact on US internet access, due to the increasing number of intercon-
nected smart devices; this interconnectedness enabled the attack to propagate further
and at a larger scale than previously seen, which would reasonably be expected to
increase in future attacks in line with the growing number of smart devices and their
interconnectedness. While Section 4.1 discusses emerging Al governance in the UK
and EU, regulations are being introduced around the world to respond to the rapidly
developing advances in Al technologies [39]. Huang et al. [39] list coordination
between nations as imperative for Al regulations to be successful at the global level,
as otherwise there may be vulnerabilities that create opportunities for further attacks
that exploit the connectedness of our modern world. Pringle et al. [65] also consider
the concept of ‘unknown unknowns’, in that the sociotechnical systems of today are
increasingly interconnected; thus, the consequences of these systems interacting can
be difficult to predict, since the greater the number of systems with the potential to
interact, the greater the number of unintended and unpredictable interactions arise.
There are a number of terms for these unintended interactions, for example ‘mu-
tual influences’ [76], but we take the broader term ‘interference’ from the author’s
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previous work [7] to encompass the positive and negative, intended and unintended
interactions that may arise in these scenarios.

van de Poel [63] notes three reasons that unintended consequences arise in the
context of Al: a lack of care or anticipation of the unintended consequences, which
also encompasses a lack of awareness of how the system may interfere with other
entities within its situated environment; a lack of knowledge, differing from the first
point in that it more closely resembles the concept of ‘unknown unknowns’ discussed
above however stemming from ignorance [65]; and indeterminacy, where the unin-
tended consequences are largely affected by external factors to the system, closely
aligned with the concept of interference described above [7]. Coeckelbergh [20]
suggested in 2021 that humanity is in a state of hyper-agency with regard to our
influence and control over our society and environment. This state, dubbed the ‘An-
thropocene’ [20, 24], is increasingly evident as a result of our recent scientific and
technological advances. These advances have led to substantial increases in the hu-
man population, which in turn requires greater amounts of food, water, energy, and
materials to sustain [24], thus highlighting the complex nature of our growth as a
species and the environment in which we live. Although the term ‘Anthropocene’
was formally rejected as a unit of geological time in 2024 [41], this discussion still
highlights the importance of considering the impact of our actions and directing
this hyper-agency towards sustainable existence, and ensuring that the development
and adoption of Al systems will not ‘exacerbate the problem’ [20] of harming our
environment in the pursuit of technological advancement.

As the number and variety of Al systems integrated into our society increases, the
occurrence of unintended interactions due to the interference of their operation on
other systems and other people will increase — as well as both the environments the
systems are situated in and the wider environment we inhabit together. The result of
these unintended interactions of Al systems in the context of humanity’s increasing
hyper-agency therefore means that it is more important than ever before to under-
stand the context in which Al systems interact in their local and global environment,
with what systems or entities they interact with, and how they might interact. Do et
al. [26] note that researchers tend to acknowledge and understand the importance of
considering the societal and environmental impacts of their work arising from the
unintended consequences of their operation; however, this acknowledgement rarely
influences the technological design, and instead is often considered in retrospect.
The findings of Bingley et al. [13] also support this line of thinking, in that the so-
cietal impacts of Al systems are generally not prioritised by designers, even though
this is beneficial to user experiences. The concept of the Anthropocene age enforces
the notion that the actions of humans, and consequently the systems that we use
and create, are closely tied with our environment; thus, we have a responsibility to
anticipate the ‘unknown unknowns’ and unintended consequences of using these
systems that we increasingly rely on in every aspect of our lives. Although this may
seem paradoxical, combatting the ‘unknown unknowns’ and mitigating the unin-
tended consequences of the interactions of Al systems in the future should come
from a greater understanding of the system’s place in the social and environmental
landscape it operates in, by anticipating how the system will operate when situated
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in the complex network of interconnected sociotechnical and environmental entities.
The increasing interconnectivity of Al systems with both society and the environ-
ments they are situated in — both their local operating environment including other
systems, and the broader sense of environment — means that this anticipation and
understanding will be crucial moving forward if the use of Al is to be a sustainable
option to integrate into our sociotechnical environment for the benefit of humanity.

2.2 Al and the Human Experience

Aside from the interconnectedness of modern Al systems, the use of Al affects indi-
viduals around the world both directly and indirectly, for example, through personal
use, institutional or commercial use, or the unintended consequences of use in the
sociotechnical environment. Relating to Coeckelbergh’s notion of humanity’s state
of hyper-agency [20] as discussed in Section 2.1, in terms of an increasing need
for control over our sociotechnical environment, Usmani et al. [79] highlight that
user agency is an important quality when designing human-centred Al systems.
User agency in this context is described as empowering users with both control
and autonomy over their use of Al systems; this also includes the transparency and
explainability of the system’s behaviour to support trust [79]. This bidirectional
relationship — e.g. a user’s ability to communicate needs through control, and the
system’s ability to communicate outcomes through explainability to aid user’s un-
derstanding — is also discussed by Bingley et al. [13], however, they find that users
value when their needs are understood and satisfied when using AI more, compared
to understanding how the AI system achieved the outcome. Whether through an
individual user’s desire for control over an Al system, or through the societal desire
to influence the environment, the use of Al affects the human experience and how
we experience the sociotechnical environment we inhabit.

Alis now also being used to find trends and connections between individuals in our
society through their data, thus affecting individuals indirectly through institutional
and commercial use of Al. For example, Duhigg [27] discusses how Al can be used
in retail settings to predict and recommend vouchers for products that customers may
be interested in, based on their purchase history, thus driving profits for the company
and potentially inspiring customers to purchase products they might not necessarily
have bought if left to their own free will. This may seem harmless, but Duhigg [27]
describes an instance where a retailer sent vouchers to a teenager for pregnancy-
related products, based on her spending habits, before it was known that she was
pregnant. This example is also discussed by Corrigan et al. [23], outlining how data
mining can be used to find relationships in vast quantities of data — in this case,
finding patterns and relationships from the spending trends of large customer bases,
such that life events can be predicted. From a societal perspective, the sustainable use
of Al in consumer-facing industries moving forward requires ethical consideration —
not just for customers, but for employees, too. Makridakis [54] highlights that the use
of Al in retail and other establishments requiring skilled workers could negatively
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impact both employment and wealth distribution if companies replace or reduce the
number of workers with Al systems; an example of this shift can be seen in the
semi-automated Amazon Go chain of shops, where the ‘convenience ideology’ has
eliminated the need for cashiers since Al systems both detect what items customers
have taken while walking around the shop, and automatically bill customers when
they leave [40]. The consequences of using Al as part of a data-driven or Al-
enabled business strategy can be vast, affecting not just the customer-base, but the
livelihoods of the workforce who may be replaced by these systems. If customer data
is used to connect and make inferences from the data of individual customers and
their spending habits, unintended consequences may arise that impact individuals
if life events may be predicted based on the activity abstracted across a collective.
From a business standpoint, Al-based recommendations or automation could lead
to increased sales, however, the impact of this at an individual level can be morally
or ethically grey. For workers, this could mean facing unemployment due to new
Al systems being introduced without viable opportunities for upskilling [77]; for
individuals, this could arise from reducing the human experience to purchase history
and manipulating customer data to influence spending and predict life experiences.

Bellman et al. [10] discuss a similar scenario, where a nursery introduced a
fee to deter parents from picking up their children late; the nursery saw that this
actually exacerbated the problem and had an adverse effect, since the ‘lateness’
behaviour then had a monetary value attached to it that overruled the moral value.
By quantifying human morals and values as numerical or financial values, this can
result in reinforcement of the behaviour that the measure intended to reduce. While
this example does not involve the use of Al it highlights the importance of preserving
the human experience and the values we hold when designing Al systems, coined as
socially-sensitive system design [10]. For Al to be fully integrated into our society
sustainably, designers should consider how the Al system will operate in and affect
the complex interactions of both humans and other machines in accordance with
the values we hold as a society. This line of thinking relates to Feldman’s [31] idea
of ‘comparing the incomparable’ when designing utility functions of Al systems,
where systems must consider trade-offs for how they may achieve their goals; in
line with the arguments of Bellman et al. [10], we argue that the consideration of
trade-offs to achieve goals should be extended to consider also the situatedness of the
system, and how achieving these goals impact the direct and indirect sociotechnical
environment. If Al systems do not consider their situatedness in terms of their
sociotechnical environment, then they will not reasonably be a viable option for
continued use due to the unintended consequences that may arise due to their effects
on society.

The word ‘society’ in this chapter, as described at the beginning of Section 2.1,
is used here in the context of Al to encompass all individuals across the world. It is
important to acknowledge that while our entire society is influenced by the use of
Al systems due to the interconnected nature of our sociotechnical environment, the
implications this has on our human experience can differ greatly between individuals.
There exists a ‘digital divide’ both internationally and within nations, affected by
access to digital infrastructure, individual and national average income, knowledge,
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access to education, and even language [44]. These attributes, especially access
to high-speed internet, all affect the personal benefit that individuals can glean
from using Al — or prevent them from being able to access it directly at all. Free-
to-use Al tools, such as ChatGPT, are helping to remove barriers related to digital
infrastructure and income; individuals now only need an internet-enabled device and
internet connection to use Al tools, rather than purchasing additional devices such as
those for Alexa or Google assistants [44]. Regardless of whether an individual uses
or has access to Al systems explicitly, our society as a whole remains affected by the
use of these Al systems that stem from the way we are connected to and experience
our sociotechnical environment [44, 50, 85]. Sustainable Al moving forward will not
only be about sustainable operation for the benefit of the environment, but also to
ensure that wealth, employment opportunities and human experience are preserved
in terms of its sustainable societal use and situatedness. This also means that new
employment opportunities will be created where Al replaces the need for humans
to carry out a task, human morals and values are conserved, and the interconnected
nature of our modern world is respected and considered, to enable everyone to benefit
from AI both implicitly and explicitly. This is especially important considering
that modern Al systems affect individuals and communities even without direct
interaction. Socially, this could be through the use of companies or institutions in
ways that affect or influence our behaviour as individuals. Moreover, the passive effect
of using Al systems globally is that the environment we inhabit is being affected to
an increasing magnitude. Since Al has the ability to affect our human experience
and the ways we interact with our sociotechnical environment, Al has the potential
to have a positive impact on the achievement of UN Sustainable Development Goals
(SDGs) such as SDG 8 (Decent Work and Economic Growth), 9 (Industry, Innovation
and Infrastructure), and 11 (Sustainable Cities and Communities) [81]. Al has the
potential to be a significant enabler in supporting the sustainable development of our
society — if designed with caution and consideration for its wider impact on, and the
complex interconnectivity of, the sociotechnical environment in which it is situated
and the humans it encompasses.

3 Unintended Social, Ethical and Environmental Impacts of Al

In 1927, Charles A. Beard adapted pre-existing social theories to the rapid devel-
opment of technology [8], noting that “Technology marches in seven-league boots
from one ruthless, revolutionary conquest to another, tearing down old factories
and industries, flinging up new processes with terrifying rapidity.”. Beard’s work
largely began the notion of technological determinism, the idea that technology has
increasingly important effects on everyday life. This, along with the growing preva-
lence of sociotechnical systems, was discussed in part within Risk Society [9], where
Beck argues that technological developments occur faster than society can react in
terms of control and risk, thus leading to unintended consequences. In this section,
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we discuss these unintentional consequences with a focus on sustainable Artificial
Intelligence on the perspective of social, ethical, and environmental impact.

3.1 Social and Ethical Impacts on Society and Individuals

Artificially intelligent systems, due to their transition from the laboratory to the real
world for impactful change, now exhibit effects on society and the individual. Given
the use of these systems in daily life, we must now consider the impacts that such
systems have on society as a whole (social issues) and society’s idea of what is right
and wrong (ethical issues).

From mid- to late- 2010s, members of the general public were unknowingly
embroiled in a data-driven controversy that would later become known as the Cam-
bridge Analytica scandal [11]. Following personality tests taken by an estimated
50 million people via the Facebook social media platform (and, in addition, their
extended network of connections), data scientists discovered that politically use-
ful intelligence could be derived. This was due to high-dimensional data and their
underlying relationships, with five thousand data points collected that describe an
individual later extended to several million by external data brokers [38]. The com-
pany was shown to be active in 68 countries [29], and through the use of highly
targeted ads, the scandal was linked to electoral influence in the United Kingdom,
the United States, Australia, India, Kenya, Malta, and Mexico [67]. These data-driven
approaches where machine learning techniques can uncover underlying information
exemplify how Al techniques can be used to influence society as a whole, through
psychological manipulation towards an aim, such as voting behaviour. Societal im-
plications of algorithmic automation are growing, and Lambrecht and Tucker [49]
describe how Amazon’s automated recruitment tool preferred men over women and
Apple’s credit scoring system offered men higher credit limits than women. The
gap between men and women involved in the STEM field is a persistent issue, and
researchers argue that structural barriers in high school education, psychological
factors, influence, expectation, and perceptions all play a role [42]. Referring back
to an experiment performed by Lambrecht and Tucker [49], a Facebook advertising
campaign on STEM careers was targeted at men and women aged 18 to 65 years
of age in 191 countries with no demographic goals. They found that, although no
specific demographics were targeted, 20% more men than women were displayed
the ad on their newsfeed, and women aged 25-34 were 40% less likely to see the ad
than their male counterparts. For those who did not see the ad, engagement with it
was therefore impossible. It is clear that Al has a significant impact on individuals
in our society, however, for Al to be used sustainably to support our society, issues
regarding gender inequality and bias need to be carefully considered and robust
measures taken to promote fairness and equality, especially in terms of UN SDG 5
(Gender Equality).

Generative Al is a current paradigm shift in the field, significantly impacting
several academic fields through the method of generating synthetic media [43],
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including, but not limited to, text, images, videos, and audio. Since the dawn of
humanity, our species has exhibited creativity in the form of art long before the
formation of civilisation [83]. As noted by Belfiore and Bennett, the societal impacts
of creativity include transformation, positive individual impact, and the argument
of l’art pour I’art (art for art’s sake) in that, for something to be truly creative,
it is beyond all social values and utilitarian function [69], and that these ideas
have been commonplace since the days of Plato and Aristotle. Although technology
has had a considerable impact on society’s idea of creativity, these concepts have
remained for more than 2000 years. According to Epstein et al. [30], the rise and
developments within the field of Generative Al are likely to transform the nature
of creative work and related employment. However, they note that generative Al is
less likely to have a negative impact on these non-routine and high-skill tasks. This
is supported by Polanyi’s paradox “We can know more than we can tell” [5], which
describes cognitive phenomena that we humans intuitively understand but cannot
adequately explain, such as the creative process that leads to tangible outputs. For
example, in the music industry, automation techniques have led to more musicians,
not fewer [46], where Al can be used to augment an individual’s abilities rather
than replace their expertise [44, 79]. Celise, Claudio, and Chow [16] argue in favour
of a relational-materialistic definition of creativity in the context of these systems,
arguing against both universalism (a singular definition of the concept of creativity)
and reductionism (the idea that only humans can be fruly creative). This labour-
focused approach moves away from the idea that Al technology is augmenting
creativity but examines its impact on practices and social structures.

The transition from universalism and reductionism towards relational-materialistic
points of view epitomise the paradigm shift that the concept of Generative Al has
had on modern society, leading us to question the very definition of creativity. Given
the rapid developments of Generative Al that lead to media that cannot be ade-
quately recognised by humans in visual Turing tests [22, 60], this leads to ethical
issues regarding our understanding of authenticity and truth itself. For example, a
study from Silva et al. [73] showed that a sample of 50 participants could only
detect Al-generated artwork 58% of the time. Ethical issues in synthetic media re-
volve around the ontological, on the nature of being, and epistemological, on theory
and scope. Ontologically, given that humans have an increasingly waning ability to
recognise what is and is not real, there is therefore a growing epistemological reality
that there are concerns surrounding the reliability of human knowledge. In 2021, an
Al-generated image was entered in the Colorado State Fair’s annual art competition,
winning an award in the category of emerging digital artists and causing a backlash
from the community [68]. Here, the judges in the art competition provide an example
of ethical dilemmas both ontologically and epistemologically. The judges were faced
with the issue of the authenticity of the artworks, effectively tasked with defining
what art was, while Polanyi’s paradox suggests that the cognitive phenomena that
lead to art are unexplainable. Epistemologically, the incident raises questions about
the reliability of the knowledge and judgement of the panel.

In terms of concerns regarding reliability of academic knowledge, a scientific ar-
ticle originally published in 2023 was later retracted due to ChatGPT’s “Regenerate
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response” string being erroneously included in the published manuscript [21]. Later,
an investigation found that the use of Generative Al violated the ethical policies of
the journal. A similar incident occurred in 2024, with a published manuscript begin-
ning with the phrase “Certainly, here is a possible introduction for your topic:” [87].
The phrase was attributed to the use of a Large Language Model, and the article was
subsequently retracted by the journal due to both the use of Generative Al and the
plagiarism of text and image data. Beyond these clear examples due to unintended
inclusion of text from the Generative Al interface, recent studies in Natural Language
Processing by Liang et al. [52] argue the revelation of distinctive increases in the
use of Generative Al in scientific publishing, estimating a distribution of 17.5% of
sentences in Computer Science papers being either generated or modified by Large
Language Models. Referring back to the aforementioned theories, this leads to a sig-
nificant ethical issue in the reliability of our knowledge, suggesting that considerable
portions of recent scientific publications contributing to human knowledge were not
written by a human being. According to the UK Government’s Ethics, Transparency
and Accountability Framework for Automated Decision-Making [78], “organisations
and individuals should be held accountable to ensure the proper functioning of ar-
tificial intelligence”. The unintended consequences of unethical behaviour can be
seen here, as it is researchers who produce retracted articles that suffer reputational
damage and a 10% decrease in citation rate on average [6], not the algorithm that
was used for this unethical activity. Large Language Models specifically tailored for
academic writing that are marketed for enhancing, rather than replacing academic
writing, such as AcademicGPT, jenni.ai and Paperpal are increasingly more accepted
and used by academics; after all, if our academic peers use these tools and are conse-
quently perceived to be more effective and successful by doing so (e.g. they publish
more academic papers and/or faster, obtain more grants), then should we ourselves
also be using these tools if we are not to be left behind? The line between what is
ethical and what is not becomes more blurred.

Biases often arise from unexplained Al model predictions, due to, for example,
their black box nature [2]. That is, a complex system where the translation from
input (data) to output (prediction or decision) is not easily understood, and thus may
lead to unintentional misrepresentation of said data to achieve a given goal. Take, for
example, a binary image classification problem with a model that scores highly in
metrics to discern between the two. In this example, the difference in preprocessing
techniques between the two classes of images could have been different, e.g. if
a centre cropping technique was used to resize class A to preferred dimensions,
while a stretch technique was used to resize images belonging to class B, then it
is not beyond doubt that such an image classifier is learning to simply detect an
image resizing technique and thus score well with respect to the chosen metrics. A
more practical example can be seen in observations made by Murphy [59], where a
reinforcement learning algorithm tasked with playing the classical Tetris game reacts
to a potential game-over state by pausing the game, effectively preventing the state
transition indefinitely. A solution to these potential issues is Explainable Al (xAl),
in which model predictions are reverse-engineered by various methods to provide
an explanation of why a prediction was made given the data provided and the inner
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workings of the algorithm. Evidence of where explainable Al is useful is most easily
understood in visual problems, such as image recognition, where techniques such as
Grad-CAM [70] are used to overlay a heatmap on the input data to provide context of
why an image processing-based prediction was made. Examples of this are provided
by Fuhrman et al. [34], where visual overlays are presented when detecting COVID-
19 from x-ray scans, ultimately leading a human expert’s attention to areas of the
image.

In visual problems, techniques for explainability are often themselves, also visual
in nature. Interpretability in this case arises from our inherent ability to process
visual information. However, explainability in the case of non-visual data, such as
when processing numerical or categorical attributes, often comes in the form of in-
specting model parameters globally or tracing back a model’s single prediction given
input values [57]. In this case, the predictions are explainable but not necessarily
interpretable and may require verification by a human domain expert. As Al research
makes the transition from the laboratory to the real world, effective explainable and
interpretable techniques are required for validity.

The integration of Al into our society poses ethical and social questions about
how these systems can be used sustainably for the good of society. Care in the
design process that acknowledges the power that Al systems hold over behaviour and
experiences in both individuals and society as a whole is necessary moving forward
to ensure that the effects of Al are for the benefit of society and the individuals within
it, rather than unintentionally causing harm or influencing behaviour that leads to a
shift in societal changes or perspectives.

3.2 Environmental Impacts of AI

Al is becoming more ubiquitous, and as such, consideration is needed for how these
systems not only impact society, but the environment as well. Al has the potential
to be of great benefit to our society for providing more efficient ways to manage
our environmental resources, optimise and automate processes to reduce energy and
resource consumption, and find innovative solutions to environmental issues such
as climate change. However, to reap this benefit, Al systems must be constructed
from materials sourced from the environment by members of our society, powered
by energy, cooled with water, and occupy physical space in the environment in order
to operate. For sustainable operation of Al systems, the design and operation of these
systems should consider the wider embodied and operational costs of their use, in
order to offset any negative environmental consequences raised in comparison to the
generated environmental benefits.
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3.2.1 AI for the Environment

As our society becomes more reliant on technology, the environmental impacts
of producing and using these technologies grows in tandem. AI has enabled the
development of new technologies to manage and support our environment and natural
resources. For example, in the field of smart agriculture, the introduction of Al into
agricultural practices has led to improvements of both crop and soil quality, while
reducing agricultural waste and water usage [55]; this translates to improvements
for the agricultural environment and availability of food, whilst working towards
tackling water, air and ground pollution. A further benefit noted by Mana et al. [55]
is the optimisation of irrigation in smart agriculture, thus reducing water wastage.
Additional effects of Al on water resources are emerging from further studies, such
as managing and modelling water quality in reservoirs [17], or utilising ChatGPT
for water management and optimising usage [28]. Al has also been harnessed for
the monitoring of air pollution to improve environmental and human health [3], thus
creating a way to automate the process and reduce the costs associated with it. In
addition to the management of air pollution, water, and agriculture, Al has been
used to optimise energy resources, including renewable energy such as solar and
wind [1]. The role of Al in developing sustainable practices for managing marine
ecosystems has also been explored, with researchers noting the interplay between the
preservation of marine environments and climate change [36]. Al is already being
harnessed for environmental benefits, managing our usage of natural resources and
reducing environmental harm caused by human activities; Vinuesa et al. [§1] note
that using Al in this way could enable the achievement of 25 of the 27 targets in
UN SDGs 13 (Climate Action), 14 (Life Below Water), and 15 (Life on Land).
Consequently, there is a responsibility on the researchers and developers of these Al
systems to ensure that environmental and societal benefits are balanced throughout
all stages of the Al systems’ operation, in order to achieve true sustainability in Al

3.2.2 Detriments of Al in the Environment

While usage of Al may be well-intentioned as in the above applications, there are
often hidden or unintended consequences of using such systems that transpire; these
consequences can stem from a lack of education in how to properly use the system
in a sustainable manner, lack of domain understanding coupled with eagerness to
accept the Al-generated solution, lack of transparency in how the system was built or
powered, or even flaws in the design or data used to create the Al system. There is also
a trade-off to consider, since Al systems designed to tackle issues of climate change,
air pollution, clean water or energy amongst others can unintentionally contribute to
those problems if sustainability is not considered during their development [12, 20,
44, 85]. Vinuesa et al. [81] note the merits of Al when addressing UN SDGs, but
also highlight that eight of the 25 targets in UN SDGs 13 (Climate Action), 14 (Life
Below Water), and 15 (Life on Land) could be inhibited by the use or application
of Al, either through the resources required to operate these systems, or through
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misuse or exploitation of natural resources through more accurate information being
gained. For example, Wu et al. [85] note that both the operational and embodied
carbon footprints are of great importance when considering whether Al practices or
systems are sustainable. This means that consideration must not simply be given to
the running costs of Al systems (e.g. in terms of energy, water, and greenhouse gas
emissions), but those associated with activities such as training or developing the Al
systems, and producing the materials — including energy — to maintain or produce
such systems in their entirety [44]. Similarly, while Al systems have been utilised to
support both the environment and society in a number of ways, there are questions
raised over the operational and embodied costs associated with using them — e.g.
do the benefits of using the system outweigh the costs of building, training, and
operating it? For example, ChatGPT has been used in applications such as water
management and usage [28], however, the operational and embodied water usage of
GPT-3 consumed 700,000 litres of water during training, which could increase for
the current GPT-4 model and subsequent, larger models in the future [50]. It is also
noted by Li et al. [50] that both the energy production methods and server farms
necessary to operate Al systems such as ChatGPT require further water consumption
for cooling, in addition to other activities such as training, over the system’s lifetime.
This raises the counterintuitive question of whether using a powerful, and energy-
/water-consuming system such as ChatGPT is truly beneficial and sustainable, when
considering both its operational and embodied costs, and beneficial outcomes; this
highlights the increasing importance of analysing the sustainability of Al systems
using a holistic approach, that not only considers the effects of their outputs, but
considers the costs associated with achieving those outputs in their entirety.

One way to mitigate these problems could be to source green energy, for example,
that produced by wind turbines as a source of renewable power. Counterintuitively,
the production of this energy has its own environmental and social implications, as
the production of the raw materials needed to build wind turbines can have adverse
effects both on the environment through the extraction of the raw materials required
and the manufacturing process [58]. Although these activities can lead to the creation
of jobs, there are also negative impacts on local communities located near industrial
activity [58]. Therefore, a strong link between the negative environmental and social
impacts is present, and mitigating both would in turn benefit the other. In line with the
arguments posed by Wu et al. [85] and Li et al. [50], designers of Al systems moving
forward must consider both the operational and embodied costs associated with
each aspect of Al system usage, from building infrastructure, to training, powering,
cooling, and daily use. In addition to reducing these operational and embodied costs,
for Al to be a sustainable option for the systems of the future — either through
sustainable practice, Al for sustainability, or both — designers should also consider
the interplay between environment and society. End users also contribute to the
perceived sustainability of these systems when they engage with them; transparency
is therefore important to enable users to make their own, educated decisions on
whether to, and how to engage with these systems.
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4 Designing the Sustainable Systems of the Future

The narrative in this chapter thus far has highlighted the prevalence of Al systems in
our modern, sociotechnical environment, and considered their effects and influence
on both society and the environment, as well as the ethical issues that arise through
their usage and operation. We have argued that, due to the increasing integration of
Al systems into our society and the unintended interactions they facilitate, sustain-
ability in the context of Al now extends beyond thinking how Al systems operate
sustainably for the benefit of the environment; it now also includes sustainable soci-
etal use, situatedness, and acceptance to be viable moving forward. van Wynsberghe
terms this distinction as ‘Al for sustainability’ and ‘sustainability of A’ [86]. We
emphasise the need for designing and employing Al systems to benefit their own
sustainability and the sustainability of our sociotechnical environment. The impor-
tance of considering the unintended consequences of interactions of Al systems in
our complex sociotechnical landscape has been highlighted in Section 2, and the
societal and environmental impacts of Al further in Section 3. Here, we posit that
these things are a predecessor to designing a system that is capable of operating
sustainably for the benefit of society and the environment, and that these benefits
may only be realised through the public engaging with and using these systems after
a sense of trust and acceptance is established through governance, accountability,
transparency, and ethics.

4.1 Governance and Accountability of Sociotechnical Systems in the
UK and EU

As discussed in Section 3, Beck’s Risk Society [9] argued that the development of
technology is faster paced than society’s ability to react in terms of control and
risk. The increased complexity of statistical inference leading to machine learning
and artificial intelligence is not a new concept; however, at the time of writing, legal
frameworks to govern Al technologies are only just beginning to adapt [39]. Huang et
al. [39] note that globally coordinated adaptive, agile regulations must be introduced
that are responsive to the advancement of Al technologies. These regulations should
be lax enough not to stifle technological innovation, yet prescriptive enough to avoid
loopholes that could be exploited to the detriment of society and the environment.
In the UK, the Ethics, Transparency and Accountability Framework for Automated
Decision-Making [78] is guidance towards overcoming distinct distrust in advanced
technology, which includes artificial intelligence. The framework includes seven key
points. First, prototyping and testing, where expert human oversight ensures rigorous
and controlled testing to avoid unintentional harm. Thus, this stage is focused on
avoiding the potential for unintended social, ethical, and environmental impacts, as
we have discussed previously. Point 2 is centred on bias specifically, on the ethical
issues of prejudice and bias. The UK government suggests judgement, engagement,
and testing along with diverse stakeholders to avoid unjust and unintentional impact.
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The Government also recommends that experts from other disciplines be involved
throughout the lifecycle of the project. Following protocols for avoiding unintended
impact, point 3 introduces the assumption that automated decision-making systems
rely on the responsibility of a senior owner. That is, organisations and individuals
are to be held accountable for the proper functioning of such systems. Significant
decisions must be signed off and in accordance with the Ministerial Code. Point 4
notes that algorithms or systems must comply with data protection laws so that the
senior owner ensures the safe handling of data, as well as the protection of individual
interests. Point 5 of the framework surrounds clear communication in that all those
who may be affected by automated decision making should be able to understand
the process with explanations written in layman’s terms. Similarly to points 2 and 5,
point 6 notes that automated decision-making systems should comply with relevant
laws. In addition to the equality act and data protection, other necessary legislation
may be applicable, and thus the algorithm or system may require legal sign-off by
a government legal advisor. Finally, point 7 notes that unintentional consequences
may manifest over time, i.e. in the case of an algorithm that is continually trained
with new data, and therefore formal review points should be implemented in order
to ensure oversight and mitigation.

The European Union, on the other hand, introduces comprehensive legislation
through the EU Al Act [53]. Unlike the UK’s innovation first approach, the EU
approach consists of stringent risk assessments, mandatory documentation, and spe-
cific compliance with regulations. EU risk scores are a range of unacceptable, high,
limited, and minimal risk. Examples of unacceptable risk include social scoring
and real-time biometric identification, and high-risk systems are those that require
rigorous testing and documentation such as artificial intelligence systems within
critical infrastructure and autonomous vehicles, as well as those that are involved
in education or employment. Limited-risk systems are those that include minimal
transparency requirements, such as recommendation systems. Generally, systems
are considered to be of minimal risk when no new obligations are introduced, such
as spam filters that rely instead on voluntary codes of conduct. Systems that are
considered at an unacceptable risk level will be banned six months after the act
is introduced. The legislation places emphasis on transparency, where risk mitiga-
tion and the protection of fundamental rights are achieved through the disclosure
of key information from developers of Al systems in the 12 months following the
introduction of the act.

In an analysis of the aforementioned UK framework and EU act, we note three ma-
jor differences: regulation, implementation, and precedence. In terms of regulation
and implementation, the regulatory philosophy of the UK approach is pro-innovation
in that principles of safety and transparency interpreted by existing regulation are
favoured over the EU’s alternative approach that involves specific legal obligations
and bans. The EU act sets a precedent with the aim of influencing a global standard,
whereas the UK approach instead adopts international norms. The EU act aims to
ensure that artificially intelligent systems are sustainable by preventing compromis-
ing societal and environmental well-being, and the UK’s emphasis on innovation
aims to facilitate more rapid technological advancement with ethical oversight for



18 C. M. Barnes, J. J. Bird, and A. Ekart

sustainable growth. As new legislation and regulations are introduced to govern
the adoption and development of Al systems around the world, it is increasingly
important to balance attention to both protecting and enhancing our sociotechnical
environment. For example, the access and operation of some Meta and Apple Al
technologies will differ for EU users compared to users from other regions around
the world to comply with EU regulations [56]; this situation can be perceived in
two ways, either that EU regulations are too restrictive and may stifle technological
progress, or other regulatory bodies allow too much freedom. This also raises the
question of whether prescriptive legislation may in fact introduce further technolog-
ical and digital divides and propagate technological inequalities, given that access
to these state-of-the-art systems depends on the individual’s geographic location.
Thus, an unintended consequence here may be a contribution to societal harm while
intending to reduce it. This discussion highlights the delicate nature of introducing
Al regulations to govern the development and usage of Al systems, and for these to
be introduced for the sustainable adoption and acceptance of Al, coordination and
consistency will be key.

4.2 Acceptance, Trust and Integration into Society

Overlapping with the discussion on governance and accountability of Al in Sec-
tion 4.1, Shavit et al. [71] highlight the importance of safety and accountability
in agentic Al systems, i.e. those that have little or no human intervention in the
decision-making process. The effects of integrating Al systems such as this into our
society can be beneficial, for example, through offloading decision-making processes
or completing tasks on behalf of human users, but also pose risks if these systems
fail, are used with ill intention, or are not designed to prevent harm [71]. This is
described as an Al system being ‘robust’ by Diaz-Rodriguez et al. [25], and is defined
as one of three pillars that constitute trustworthy Al, alongside lawful and ethical
operation. From a sustainability perspective, we argue that designers should reason-
ably attempt to consider the embodied potential harm of their systems (in the same
sense as ‘embodied cost’ as discussed in Section 3.2), e.g. from design, to physical
construction, to training, and to daily use. The public should therefore reasonably
expect to be able to interact with Al systems, either directly or indirectly, without
fear of experiencing individual or societal harm; thus, this would affect the formation
of trust in both the system and its actions, where trust can lead to sustainable accep-
tance of the system by individuals in our society [14]. Reliability and safety are also
cited as contributing factors for trustworthiness in Al systems by Shneiderman [72],
recognising that humans are a core part of the sociotechnical landscape and both
effect and are affected by Al systems, thus enforcing the need for safe and reliable
operation of Al systems. These concepts are also explored in research focussed on
Al for Social Good (AI4SG), which explores how Al can be used for the benefit of
humans and environment. Floridi et al. [32] propose seven factors of significance
that influence AI4SG, including transparency, privacy, and human-friendly seman-
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tisation; the authors argue that systems, both Al and non-Al, should respect the
autonomy of users, and systems that restrict human autonomy could indeed lead to
a lack of trust and dismissal of the technology altogether. Floridi et al. [32] also
highlight the importance of determining which tasks are suitable for delegating to
Al systems to facilitate human-friendly semantisation, and which tasks should be
actioned by humans as to not have adverse effects on the human experience. Again,
if this distinction is not made with clear consideration, and Al systems are used for
tasks that reduce the human experience in a way that loses meaning, this can result in
trust being broken and disengagement with the system. For Al to remain a sustainable
option to benefit society, it should be designed in a way that encourages trust and
autonomy. Exploring the concept of trust further, Powers et al. [64] emphasise that
a foundation for building trust in Al systems is the education of its users, since Al
systems influence society and the individuals within it both directly and indirectly.
Education here is defined more broadly than just educating individuals about the
low-level technical workings and detail of the system, but primarily encompasses
providing individuals with an awareness and literacy of how these Al systems affect
themselves, their own, personal environment, and further into how Al affects their
social and environmental context. Powers et al. [64] also note the risk of providing
such education and awareness, in that this could potentially cause societal divides
if not accessible by all. The IEEE Global Initiative on Ethics of Autonomous and
Intelligent Systems: Ethically Aligned Design [75] reiterate the need for educating the
public to promote awareness of the societal and ethical impacts of the use of Al, and
for ensuring that Al systems promote individual wellbeing and fairness, for example,
by not excluding individuals in the community from accessing this information. Part
of this education and awareness could stem from transparency and explainability in
the decisions that Al systems make, providing that Al systems are governed in such
a way to benefit the current and future society [4]. Brauner et al. [14] suggest that
accessible education about the benefits, limitations, and usage of Al is important to
facilitate productive discussion around its adoption; Al literacy is also important in
this sense for producing regulations that both protect and enhance our sociotech-
nical environment. This also raises the issue of ensuring that everyone, regardless
of socioeconomic status, benefits from the use of Al [77]. Acceptance of, and trust
in, Al systems is predicated on individuals understanding how these systems affect
them, as well as their place in our sociotechnical environment. To promote trust in
Al systems and their use, Al systems should not encroach on human values, diminish
the human experience, or ostracise individuals, but instead provide individuals with
the tools required to establish trust, such as education, explainability, and safety in
operation. Sustainable societal use and acceptance of Al systems will therefore rely
on communication of its abilities, decision-making processes, and effects on indi-
viduals, our society, and the environment, to empower individuals to make informed
decisions about how and why they use Al, and how Al affects them in the context of
their own situatedness in the sociotechnical environment.
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5 Conclusion

In recent years, Al systems have become ubiquitous, with their existence and use
affecting every facet of our societal activities and the environment in which we co-
exist. In this chapter, we argue that for Al to be sustainable in the broadest sense of
the word, a distinction needs to be made so that Al systems are not only designed
to be of benefit to the environment in the general and traditional sense of the word
‘sustainability’, but also that Al needs to have continued and defined societal benefits
that consider how it is used and affects our increasingly interconnected and complex
sociotechnical environment as a whole.

The discussion throughout this chapter amounts to the trade-offs that are asso-
ciated with introducing Al systems into our society, in terms of acceptance, trust,
success (in terms of achieving goals), and social, ethical, environmental, and financial
costs. We acknowledge that the very nature of a trade-off means that compromises
must be made; however, to achieve true sustainability in Al, we argue that it is the
understanding of the context in which the Al systems will operate that will lead to
sustainability. While the impact of, and interactions between, Al systems and the
sociotechnical environment can be difficult to anticipate — hence the phrase “unin-
tended consequences or interactions” — it is our responsibility as Al practitioners
to fully consider these impacts, and mitigate negative consequences to the best of
our ability. Recognising that Al systems do not act in isolation and are in fact intri-
cately woven into the fabric of our sociotechnical environment should, as a result,
translate to Al systems being intentionally designed to sustainably and responsibly
operate — not just for the good of society, but for our environment as well.

For sustainable integration of Al into our society, we discuss the need to educate
the public about how Al systems impact us both individually and as a wider society as
a whole [64], as a step toward acceptance and trust in these systems moving forward.
Empowering individuals to make informed decisions about when or how they use Al,
as well as providing information and education for how individuals are impacted by
Al as part of society as a whole, could enable trust to be established for sustainable
societal use of these systems. Part of sustainable Al in relation to the UN SDGs would
be to ensure that this education does not exclude individuals [64, 75], and that its use
and operation promotes employment and learning opportunities without harming
individual well-being, livelihoods and wealth [54, 77]. Furthermore, while Al is
widely used in applications to support sustainability in our environment [1, 3, 36, 55],
consideration must be made regarding the embodied and operational costs of these
systems, and whether the process of designing, building, and operating these systems
on a daily basis is indeed sustainable when weighing the drain on environmental
resources that these systems may have when integrated into society.

The rise of Al systems in our society is inevitable, and the consequent effects and
interactions with our sociotechnical environment are progressing rapidly. Al has vast
potential to empower individuals and enable us to operate as a society more effec-
tively in terms of how we manage and consume natural resources for the preservation
of our environment; acknowledgement and understanding of the complexities of our
increasingly Al-enabled sociotechnical environment, and mitigation of unintended
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consequences stemming from operation, will enable the Al systems of the future to
be considered sustainable at a fundamental level for the benefit of both the society of
today and the future by preserving our social, ethical and environmental landscape
for generations to come.
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