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ABSTRACT

PURPOSE: This study aims to critically evaluate the role of artificial intelligence (Al) in advancing the United Nations
Sustainable Development Goals (SDGs).

METHODOLOGY: The research adopts a structured expert elicitation approach, utilising a consensus-based inference
process to assess Al’s impact on all 17 SDGs and their associated targets.

FINDINGS: The findings reveal that Al positively contributes to 79% of the SDG targets (134 in total), mainly by
overcoming development challenges through technology. However, Al also poses risks to 59 targets.

CONTRIBUTION: This study contributes to the emerging body of literature on Al and sustainable development by
offering a comprehensive, target-level analysis of AI’s influence on the SDGs. It integrates ethical, social, and regulatory
considerations into developing Al technologies to ensure alignment with global sustainability objectives.

LIMITATIONS: Expert judgement’s subjectivity and AI’s evolving nature may limit analysis accuracy, requiring ongoing
reassessment to address future uncertainties.
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INTRODUCTION

Since the emergence of artificial intelligence (Al), both its theoretical foundation and technological
capabilities have advanced significantly, with its application spreading across various sectors. In
the early 21st century, Al gained substantial traction as machine learning techniques began to solve
complex problems in both academia and industry. This growth was driven by new methodologies,
the availability of powerful computing resources, and the accumulation of large datasets.

Given Al’s rapid development and its increasing influence across multiple industries, there is a
pressing need to evaluate its role in achieving the Sustainable Development Goals (SDGs). An expert
consensus-based process has revealed that Al has the potential to contribute to the achievement of
134 SDG targets across various goals. However, it may also impede the progress of 59 targets.
Despite these findings, existing research often overlooks key considerations. As Al evolves rapidly,
it is crucial to have regulatory frameworks and oversight to ensure that Al technologies are aligned
with sustainable development. Without proper safeguards, issues such as lack of transparency,
safety concerns, and ethical dilemmas may arise.

AD’s impact is far-reaching, influencing global productivity (Acemoglu and Restrepo,
2018), equality, inclusion (Adeli and Jiang, 2008), and environmental outcomes (Karnama et
al., 2019), both in the short and long term (Bissio, 2018). While AI shows promise in advancing
sustainable development (Bolukbasi et al., 2016), it also presents challenges that could undermine
it (Brynjolfsson and McAfee, 2014). Current literature lacks a comprehensive study examining
ATl’s impact across all SDGs, which is a notable research gap. This study addresses that gap by
evaluating how Al might either support or hinder the achievement of the 17 SDGs and their 169
targets outlined in Agenda 2030 (Cockburn et al., 2018). The study’s findings, which focus on
SDGs (Courtland, 2018; Dalenberg, 2018; Dobbs et al., 2016), are derived from expert assessments
and previous research, highlighting the nuanced role of Al in sustainable development. Al, defined
here as any software technology with specific capabilities such as perception, decision-making, and
pattern recognition, encompasses various subfields, including machine learning.

METHODOLOGY

This section describes the methodology used to derive the results presented in this study, which are
detailed in Supplementary Data 1. The goal was to address the question: “Does published evidence
exist indicating that artificial intelligence (Al) acts as an enabler or inhibitor for each of the 169
targets within the 17 Sustainable Development Goals (SDGs)?”

To answer this, we implemented a consensus-based expert elicitation process, guided by prior
research on SDG interlinkages (Courtland, 2018; Dalenberg, 2018; Butler et al., 2015; Morgan,
2014). The authors, a group of academics from various disciplines such as engineering, natural
and social sciences, participated as experts in this process. These experts conducted a literature
review to support the connections between Al and specific SDG targets. Acceptable sources
included peer-reviewed chapters on real-world applications, controlled studies, reports from
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accredited organisations such as the United Nations, and commercial-stage applications. Sources
not considered valid included speculative data, non-peer-reviewed real-world applications, media
reports, and informal sources.

Each SDG target was assigned to one or more lead contributors, with additional contributors
in some cases, as listed in Supplementary Data 1. Lead contributors performed initial research on
the targets, while additional contributors conducted the primary analysis. A single relevant study
sufficed to establish a linkage between Al and a target, although multiple references were typically
provided. After analysis, reviewers not involved in the initial research evaluated the work and
provided critical feedback, ensuring a robust final analysis. Discussions between lead contributors
and reviewers refined the results.

Once consensus was reached on the evaluation, we analysed the data, determining how many
targets Al enabled or inhibited, calculating the percentage of targets with positive or negative Al
impacts for each SDG (Francescato, 2018; Fuso Nerini ez al., 2017). We also grouped the SDGs into
society, economy, and environment categories. The results for each group are illustrated in Figures
1, 2, and 3, summarising the overall impact.

a Positive impacts of Al: 79% (71%) b Negative impacts of Al: 35% (23%)

Figure 1: Summary of the Positive and Negative Impact of Al on the Various SDGs
Source: http://creativecommons.org/licenses/by/4.0/ (Vinuesa et al., 2020)

Figure 1 presents documented evidence on how Al can either support or hinder progress towards
each of the SDGs. The numbered squares indicate specific SDGs, with percentages above showing
the overall share of targets potentially influenced by Al Inner circle percentages reflect AI’s impact
within individual SDGs. The outer circle summarises findings across three key areas: society,
economy, and environment. Shaded inner areas and bracketed values highlight outcomes when
considering the type of evidence used in the analysis.
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Documented Links between Al and the Sustainable Development Goals

Our review of the evidence suggests that Al has the potential to support 134 targets (79%) across
all SDGs, primarily by offering technological improvements that can address current limitations.
However, 59 targets (35%) could be negatively impacted by Al advancements. To better understand
these effects, we categorised the SDGs into three groups based on the pillars of sustainable
development: society, economy, and environment (Francescato, 2018; Fuso Nerini ef al., 2017).
This classification enables us to outline the key areas where Al might have an impact. Additionally,
a weighted analysis of the evidence, considering the relevance of each reference, was conducted to
assess how Al correlates with the percentage of goals evaluated. The findings are summarised in
Figure 2, with further discussion on the societal, economic, and environmental groups, accompanied
by specific examples. In summary, Al is seen as a positive force for 79% of SDG targets, although
it may negatively affect 35% of them.

Al's Documented Impact on Sustainable Development Goals (SDGs)

Negative Impact

69.4%

Positive Impact

Source: Constructed by author

Al Impact on SDGs Categorized by Sustainability Pillars

mmm Positive Impact

50
mmm Negative Impact

a0

30

Number of Targets

Society Environment

o
Sustainability Pillars

Source: Constructed by author
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ARTIFICIAL INTELLIGENCE (Al) AND ITS POTENTIAL IMPACT ON SOCIETAL
OUTCOMES

Artificial Intelligence (AI) and its potential impact on societal outcomes have become increasingly
significant in achieving global goals. A large portion of goals within the societal group (82%) can
benefit from Al-driven technologies, as shown by their positive influence on various Sustainable
Development Goals (SDGs) (Fuso Nerini et al., 2018; Fuso Nerini ef al., 2019a). For instance, Al
can play a crucial role in SDG 1, which focuses on eradicating poverty, SDG 4 on providing quality
education, SDG 6 concerning clean water and sanitation, SDG 7 about affordable and clean energy,
and SDG 11 on sustainable cities. Al has the potential to enhance the delivery of essential services
such as food, health, water, and energy. It can also support the transition to low-carbon systems by
promoting circular economies and smart cities that use resources more efficiently (Fuso Nerini ef
al., 2018; Fuso Nerini et al., 2019a).

Al facilitates the development of sustainable cities through technologies such as autonomous
electric vehicles and smart appliances that help optimise electricity demand, and contributes to
SDGs 7, 11, and 13, which addresses climate action. Additionally, Al can help integrate renewable
energy sources such as solar and wind into the grid by optimising the use of smart grids that balance
electricity demand during varying daylight and wind conditions. While most goals benefit from
Al advancements, some, particularly in the community sector (38% of goals), could be negatively
impacted, which warrants careful consideration.

The main concerns regarding Al’s negative impact relate to its implementation in countries
with diverse values and cultural contexts. Advanced Al technologies require large computational
resources and data centres that consume vast amounts of energy and contribute to carbon emissions
(Fuso Nerini et al., 2019b). For example, applications such as Bitcoin require electricity comparable
to that of entire countries (Helbing, 2015), negatively affecting SDG 7 (Affordable and Clean Energy)
and SDG 13 (Climate Action). Projections suggest that by 2030, Information and Communication
Technology (ICT) could account for 20% of global electricity demand, up from just 1% today,
highlighting the urgent need for green ICT solutions. Improved cooling systems, greater energy
efficiency, and renewable energy in data centres are crucial to mitigate these concerns (Helbing and
Pournaras, 2015).

Furthermore, incorporating human knowledge into AI models can significantly reduce energy
consumption, as human brains are much more energy efficient than the computational resources
required to train Al systems. Using models informed by human knowledge, such as physics-
based deep learning, reduces the need for data-intensive training, helping to lower overall energy
consumption (Helbing et al., 2019).

Despite Al’s potential to advance Agenda 2030, it also poses challenges that could exacerbate
inequalities, hindering progress towards SDGs 1 (Poverty Eradication), 4 (Quality Education), and
5 (Gender Equality). Al can assist in identifying poverty areas using satellite imagery, but it may
also create barriers by raising qualification requirements for jobs, further entrenching existing
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social inequalities. Additionally, Al technologies are often shaped by the values and needs
of the countries that develop them, and when deployed without ethical scrutiny or democratic
oversight, they can perpetuate nationalism, discrimination, and social divisions (IEA, 2017).

A concerning example of Al misuse is the development of citizen scores; these monitor
social behaviour and pose threats to privacy and human rights. A lack of transparency and public
awareness about how data are used and their impact on individuals’ lives is a significant problem
(Jean et al., 2016; Jones, 2018). Al’s uneven distribution also exacerbates disparities, such as small
farmers lacking access to advanced Al-powered agricultural tools, hindering progress on SDG 2
(Zero Hunger) (Nagano, 2018; Nagler et al., 2019). Finally, there is insufficient research on the
gendered implications of Al technologies. Al-driven systems, such as intelligent algorithms and
image recognition, may inadvertently perpetuate biases, particularly against women and minority
groups, thereby undermining gender equality (SDG 5) (Norouzzadeh ef al., 2018; NSF, 2018).

ARTIFICIAL INTELLIGENCE AND ECONOMIC OUTCOMES

Artificial Intelligence (AI) has the potential to positively influence the achievement of various
SDGs in the economic sector, offering technological advantages that can improve productivity. Al
benefits 42 targets (70%) of the SDGs, but it also has negative effects on 20 targets (33%). While
some studies, such as those of Acemoglu and Restrepo (2018), emphasise Al’s productivity gains,
concerns remain about its contribution to inequality (Nunes and Jannach, 2017; Raissi et al., 2017,
Saam and Harrer, 1999; Seo et al., 2015). As markets increasingly rely on data analysis, the unequal
access to resources between high-income and low- and middle-income countries could worsen
economic disparities (SRC, 2017; Tegmark, 2017) impacting SDGs 8 (Decent Work and Economic
Growth), 9 (Industry, Innovation, and Infrastructure), and 10 (Reduced Inequalities).

Brynjolfsson and McAfee (2014) argue that Al may deepen inequality within nations by
replacing low-skill jobs with those requiring higher qualifications, favouring the educated. For
instance, in the US, wages for graduates have risen by 25%, while wages for high school dropouts
have dropped by nearly 30%. Automation also shifts income from labour to investors. Despite
similar revenues, tech companies such as Google and Apple employ far fewer workers and have
much higher market values than traditional automakers (UNGA, 2015; UCOSOC, 2019; Wegren,
2018).

While Al offers potential solutions to inequality by identifying sources of disparity, its use
in human behaviour predictions risks reinforcing biases. Discriminatory practices, such as biased
online job ads, highlight the need for better data preparation and more equitable Al algorithms.
Although Al shows promise in addressing inequality, careful implementation is crucial to avoid
exacerbating existing challenges.
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ARTIFICIAL INTELLIGENCE AND ENVIRONMENTAL OUTCOMES

The final set of SDGs focuses on environmental sustainability, comprising goals related to climate
action, marine life, and terrestrial ecosystems (SDGs 13, 14, and 15). In this context, Al plays a
pivotal role in enabling progress, with 25 identified goals (93%) benefiting from Al’s capabilities.
Its strength lies in analysing vast, interconnected datasets to foster collective actions aimed at
environmental preservation (Fuso Nerini ef al., 2018; WEF, 2018a; Vinuesa et al., 2016).

For SDG 13 on climate action, Al advancements contribute to a deeper understanding of climate
change and the modelling of its future effects. Additionally, Al aids in enhancing low-carbon energy
systems by promoting the integration of renewable energy and improving energy efficiency, crucial
elements for tackling climate change. Al also supports the overall health of ecosystems.

In line with SDG 14.1, which seeks to reduce marine pollution, Al proves valuable by deploying
algorithms that automatically detect oil spills. Similarly, for SDG 15.3, addressing desertification
and land restoration, Al techniques such as neural networks can analyse satellite imagery to monitor
vegetation changes and identify desertification patterns over large areas. These technologies provide
critical data for planning and managing environmental recovery.

However, Al’s potential to support SDG 13 is tempered by concerns about its high energy
consumption, particularly if powered by non-renewable sources. Furthermore, while Al aids
biodiversity conservation, there is a risk that increased access to ecosystem data could lead to
resource overexploitation, although this issue remains under-researched. These challenges will be
explored in future discussions of Al’s environmental impact (Keramitsoglou et a/., 2006; Mohamadi
et al., 2016; Kwok, 2019).

ASSESSMENT OF COLLECTED EVIDENCE ON INTERLINKAGES

A more in-depth examination of the collected data is illustrated in Figure 1 (further explained in
the Methodology section). In practice, each link was evaluated by weighing the applicability and
relevance of each reference to assess a particular link, which could also help uncover research
gaps. Although the method for calculating evidence has a minor effect on positive outcomes (with
a decrease from 79% to 71% in positively impacted goals), we see a more considerable decline
in negative impacts (from 35% to 23%). This decline could stem from the fact that Al research
often uses quantitative methods, which can create a bias towards positive results. Notably, there are
variations across different fields such as community, economy, and environment. In the community
sector, the weighted evidence shows a 5% decrease in positive goals and a 13% decrease in negative
goals. Specifically, weighting evidence related to negative impacts on SDG 1 (No Poverty) and SDG
6 (Clean Water and Sanitation) leads to reductions of 43 and 35 percentage points, respectively.

In the economic sector, positive impacts decreased by 15 percentage points, while negative
impacts dropped by 10 percentage points. This difference may be linked to studies on job
displacement caused by Al, which address pressing policy concerns. In the environmental sector, the
positive impacts decrease slightly by 8 points, while negative impacts exhibit the most significant
drop (18 points), suggesting that while some negative effects of Al are possible, the evidence is not
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strong, making it a potential area for further investigation. The overall findings indicate that the
existing research lacks analysis tailored to specific Al-related issues, highlighting several research
gaps that need to be addressed, as discussed in the following section.

RESEARCH GAPS ON THE ROLE OF ARTIFICIAL INTELLIGENCE IN
SUSTAINABLE DEVELOPMENT

Significant research gaps remain regarding the role of artificial intelligence (Al) in advancing the
SDGs. As Al is increasingly integrated into critical sectors, from autonomous transport systems (De
Fauw et al., 2018), to healthcare diagnostics (De Fauw ef al., 2018), and smart energy infrastructure
(Fuso Nerini et al., 2018), the urgency to invest in Al safety research grows. These systems must
be robust and secure to avoid failures or cyberattacks (Russell ef al., 2015). A crucial area of
research is understanding catastrophic risks associated with systemic Al malfunctions, especially as
emphasised by concerns raised in the financial sector by the World Economic Forum (WEF, 2018b).

Many studies highlight the potential of Al in enabling SDG targets, but much of this research
is limited to prototype testing, small datasets, or laboratory environments (Gandhi et al., 2017;
Esteva et al., 2017; Cao et al., 2014), limiting its applicability in real-world contexts. Given
the evolving nature of society and technological landscapes, a mismatch can arise between Al’s
design assumptions and actual implementation environments. Moreover, few studies address how
resilient societies are to Al-driven changes, indicating a need for new methodologies that assess Al
impacts ethically, efficiently, and sustainably before scaling up. Combined human-machine analysis
methods are also recommended to identify causes of Al failures and ensure accountability (Nushi
etal.,2018).

Despite the growing literature on Al’s benefits for SDGs, there is a risk of publication bias
favouring positive outcomes. This is especially noticeable in environmental SDGs, for instance,
algorithms may suggest optimal marine conservation zones, yet overlook long-term social impacts
such as equity (Beyer ef al., 2016). Furthermore, profit-driven priorities may lead to underfunding
Al projects aimed at less commercially lucrative SDGs, contributing to inequality (Whittaker et
al., 2018). This highlights the necessity of assessing the societal, legal, ethical, and environmental
impacts of Al technologies.

Current Al research often focuses on predictive analytics, such as extreme weather forecasting
or criminal behaviour prediction. However, governments face barriers in adopting such tools,
including cybersecurity risks and privacy concerns that intersect with fundamental human rights .
Overcoming these barriers is essential to ensure Al technologies are practical, ethical, and unbiased
in public governance.

Finally, the distribution of Al applications is skewed towards wealthier nations where Al
research is concentrated. In contrast, low-income regions see limited Al integration into SDG
strategies. When technologies are not tailored to local needs, they risk widening inequalities.
Therefore, Al solutions should be developed with cultural and regional awareness, ensuring they
are equitable and context appropriate.
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TOWARDS SUSTAINABLE Al

Artificial intelligence (AI) holds the potential to generate immense wealth, but this prosperity
may disproportionately benefit already privileged, educated populations, while others may face
job displacement and worsening inequality. Globally, disparities in access to education and
computing infrastructure risk amplifying these inequalities. Additionally, biases in training data
may reinforce and magnify existing societal prejudices, increasing discrimination. Another concern
is the manipulation of public opinion through Al-generated propaganda, or “big nudging”, where
autonomous Al agents use vast datasets to promote political or commercial agendas via social
media, contributing to polarisation (Petit, 2018).

Although current studies dispute the idea that technology alone determines the spread of
misinformation (Petit, 2018), the long-term societal impacts of Al remain under-studied due to
limited research methodologies. A new approach is needed, one that encourages collaboration and
curbs the misuse of Al for controlling public behaviour. Finance 4.0 is one such proposed model
(ECOSOC, 2019), envisioning a multi-currency system that supports the circular economy and
societal values. Central to this is “informational self-determination” that allows individuals to
control how their data is used (Scholz et al., 2018).

The data-hungry nature of Al algorithms also raises privacy concerns, especially in sensitive
domains such as healthcare. While extensive personal health data can support advanced diagnostic
tools, issues of data ownership and privacy must be addressed through strong policy frameworks
(Panch et al., 2019). These concerns feed into debates over the legal status of Al and robots,
prompting fears of emerging technological authoritarianism (Ramirez ef al., 2014; Solaiman, 2017).

This situation stems from an imbalance between technological growth and the capacity of
individuals, governments, and the environment to adapt. Current regulatory systems lag behind Al
advancements, lacking the legal infrastructure needed to guide sustainable development. To reverse
this, it is vital to create informed legislation that aligns Al with public and environmental well-
being. Regulatory foresight, deep understanding of Al implications, must come before regulatory
action to avoid ineffective or harmful policies.

LIMITATIONS OF THE STUDY

The analysis presented reflects the authors’ viewpoint, acknowledging that some literature on the
impact of Al on specific SDG targets may have been overlooked, or that no evidence has been
published yet regarding these connections. The methods employed aimed to reduce subjectivity,
with multiple authors evaluating the effects of Al on each SDG target. Several studies were reviewed
for each linkage, and discussions among a subset of authors led to a consensus on their nature.
The study primarily focuses on the SDGs that offer a comprehensive framework for sustainable
development, surpassing the Millennium Development Goals by addressing human rights, social
sustainability, environmental outcomes, and economic development. However, the SDGs represent
a political compromise and may not fully capture all complex dynamics and interlinkages. As such,
the SDGs should be considered alongside other international agreements, such as the United Nations
Universal Declaration of Human Rights, to ensure a more holistic approach to global sustainability.
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