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Artificial intelligence (Al) has moved from a specialized technology into a gen-
eral-purpose infrastructure that now shapes economies, public institutions, educa-
tion, health, science, security,and everyday life. Researchers are tracking three linked
trends: how Al is changing the way people interact with technology, how it is reshap-
ing economic activity,and how it may become difficult for anyone to fully control. In
response, international organizations and governments are working to understand
how to govern Al before its risks become harder to manage.

Two recent reports frame this policy note. The Preliminary Report of the UN
Independent International Scientific Panel on Artificial Intelligence (2026) gives an
evidence-based assessment of Al’s transformation and governance challenges. Its
central message is balanced: Al should be neither celebrated uncritically nor halted
outright. The opportunities, risks, and impacts of Al depend on the choices societies
make about how to develop, deploy, and govern it. The 2026 International Al Safety
Report, led by Yoshua Bengio and written by more than 100 experts, complements
this by cataloging risks of malicious use, malfunction, and broader systemic effects.
The reports suggest that Al should be understood as a complex sociotechnical sys-
tem rather than simply as a technology requiring isolated risk controls. For example,
increasing computational capabilities may generate productivity gains while simul-
taneously affecting labour markets, concentrating economic power, increasing ener-
gy consumption, enabling new security threats,and challenging existing governance
institutions. Similarly, measures designed to address one challenge may generate
consequences elsewhere. Effective Al governance therefore requires understanding
each challenge individually,as well as the relationships,dependencies,and potential
trade-offs among them.

This policy note draws on these and other reports to make three points for de-
cision-makers:

i‘}‘;\( First, Al is advancing extremely quick- )
ly, but the infrastructure, investment and
~expertise behind that advance are highly
\ concentrated in a small number of coun- |
tries and companies. '

—

e - F

Second, this transformation creates seven
interconnected global challenges that go
well beyond narrow technical ‘Al safety”
concerns.

—

Third, governments and international or-
ganizations need to shift from reactive
rule-making toward governance that is in-
clusive, anticipatory, evidence-based and
focused on implementation.

 ——— — F

SEVEN GLOBAL Al CHALLENGES AND WHY THEY CANNOT BE ADDRESSED IN ISOLATION



0 Al ADVANCEMENT AND THE TWOFOLD GAPS

Understanding today’s Al governance debate starts with the speed, scale and
concentration of Al advancement. For example, Figure 1 places Al adoption in histor-
ical perspective, showing that generative Al is spreading through workplaces con-
siderably faster than earlier general-purpose digital technologies such as personal
computers and the internet—a signal of the unusually rapid pace at which Al could
diffuse across economies and societies (International Energy Agency [IEA], 2025).
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Fig. 1. Growth in U.S. workplace adoption of digital technologies (internet and personal computers) since their commercial
release. Source: International Energy Agency, Energy and Al (2025).

One clear sign of Al's advancement is how much longer and more complex a
task an Al system can now complete on its own. Figure 2 shows that early systems
could reliably finish only very short software tasks, while today’s frontier models can
complete tasks that would take a skilled professional many minutes. Researchers
estimate that the length of software tasks Al can reliably complete doubles roughly
every seven months.

Al systems are improving at longer software tasks
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Fig. 2. Growth in the length of software tasks that successive Al models (GPT-2, GPT-4, GPT-5) can complete reliably. Source:
Bengio et al., International Al Safety Report 2026 (arXiv:2602.21012)
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This trend suggests Al is moving beyond an-
swering single prompts toward sustained reason-
ing, planning and action with less human involve-
ment. Performance is still uneven, and reliability
drops on longer tasks, but this growing autono-
my could significantly affect productivity and how
work is organized, while also raising the scale of
potential risks.

Frontier performance across benchmarks

Accuracy 48 Results Benchmark

100% @ GPQA Diamond

90%

80% ol (high)
[

f‘f@r WeirdML V2

SWE-bench
Verified

“1 FrontierMath
Tiers 1-3

70%

60%

50% ol-preview

40% GPT-4 {Mar 2...

E—

o3-mini (high})
L

30%

20%
GPT-4 (Jun 2023)
10%

0%

Apr. 2023 Oct. 2023 Apr. 2024 Oct. 2024 Apr. 2025 QOct. 2025 Apr. 2026
Release date

Z EPOCH Al | CC-BY epoch.ai

Fig. 3. Al model performance accuracy across several benchmarks, illustrating uneven capability across task types.
Source: epoch.ai

The Epoch Capability Index shows a related structural shift,where Al infrastruc-
ture has expanded very rapidly, and commercial revenue has only recently begun
to catch up. Both infrastructure and revenue remain concentrated among a small
number of companies. For this reason, today’s Al transformation is not just a story of
better algorithms, but it also rests on a connected supply chain of advanced models,
specialized computing infrastructure, data centers, semiconductors, cloud platforms,
large datasets, scientific talent,and capital. Countries and institutions without access
to these resources risk becoming consumers of Al rather than developers of it or
participants in how it is governed.
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Although Al creates new opportunities, such as accelerating scientific discov-
ery, raising productivity, widening access to expertise,and improving public services
such as health screening, disaster forecasting and personalized education, access to
an Al model does not automatically translate into economic productivity, better ed-
ucation, stronger healthcare, or more capable institutions. Countries, organizations
and communities also need complementary capabilities (i.e., human capital, institu-
tions, infrastructure, local data, regulatory capacity and organizational readiness) to
turn technological possibility into public value. Al advancement therefore presents
a double asymmetry:

Advancement gap: technological capability is evolv- e
ing faster than governments’ and institutions’ (5 \W%\%

ability to understand, evaluate and govern its
risks and benefits.

Participation gap: the countries and
communities most affected by Al
are not necessarily those with the
infrastructure, research capacity
or market power to influence
how it is developed.

The global policy chal-
lenge is therefore not simply
to “keep pace with Al” It is
to ensure that technological
advancement translates into
widely shared human, social, and
economic gains—rather than ben-
efits concentrated in the same few
places that already hold the infra-
structure.
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e SEVEN GLOBAL Al CHALLENGES

Evidence from the UN Panel suggests Al risk should not be treated as a single
category of ‘Al safety” It spans a broader landscape covering societal applications,
human flourishing, governance, technical reliability, economic transformation, in-
ternational security, and environmental sustainability — and these challenges are
closely interconnected.

SEVEN GLOBAL Al CHALLENGES

Al brings immense opportunities, but the evidence shows
serious challenges across seven interrelated domains.

Above the surface:
\isible impacts and
risks that are
increasingly evident
today.
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Fig. 4. The Seven Global Challenges of Artificial Intelligence
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2.1. SURFACE Al GOVERNANCE CHALLENGES

Surface Al governance challenges are the most visible and immediate conse-
quences of Al adoption. They emerge as Al is deployed across society and cover
societal applications, economic impacts, and security and peace. They tend to draw
the most public and policy attention because their effects are the easiest to observe
and measure.

2.1.1. SOCIETAL APPLICATIONS

Al is entering domains where failure can directly affect people’s opportunities,
rights and well-being, including science, health, education, and agriculture, among
others. Used well, Al can support scientific discovery, widen access to expertise, as-
sist health professionals, personalize education and raise agricultural productivity.
However, evidence of real-world effectiveness remains uneven, particularly outside
well-resourced settings. On the other hand, Figure 5 shows that the share is expect-
ed to rise from 14.4% to 66.1% in low- and medium-HDI countries, suggesting that
the next wave of Al diffusion could be particularly rapid in contexts where institu-
tional, infrastructural,and governance readiness may remain uneven.

HDI group Actual use of Al Expected use of Al
in the past month ) ! ino
Expected increase in use e
* » ’r'?—'.';yﬂlff:
Low and medium @ ,@}
14.4 66.]

High @—

236 689

Very high » %}&Hy
19.0 45.9
0 20 40 60 80

Share of population (%)

Fig. 5. Share of respondents across countries at different Human Development Index (HDI) levels who expect Al to be used in
education, health and work within one year (roughly two-thirds, regardless of HDI level).
Source: UNDP, Human Development Report 2025.

Education illustrates the problem clearly. Al can support teaching and learning,
but doing so well depends on pedagogical quality, teacher capacity, infrastructure,
governance and protection of learners’rights. It also raises concerns about cognitive
offloading: when learners delegate reasoning, problem-solving, writing, or informa-
tion retrieval to Al, over-reliance can reduce opportunities to build these skills inde-
pendently (Risko & Gilbert, 2016).
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Figure 6 presents another example. It reports the number of “‘content genera-
tion” incidents recorded in the OECD’s Al Incidents and Hazards Monitor database
over time, with a rising trend that illustrates the scale of this concern.

The number of media-reported Al incidents and hazards involving
content generation is growing

Number of events involving ‘content generation’ in the OECD's Al Incidents and Hazards Monitor database

Number of incidents and hazards

250

+—e—e Six-month moving average
200 Jutll Monthly incidents and hazards
150

100 : ' '
50 L | ||
=<

=

Nov 2021
Feb 2022
May 2022
Aug 2022
Nov 2022 =
Feb 2023
May 2023
Aug 2023
Nov 2023
Feb 2024
May 2024
Aug 202
Nov 202
Feb 2025
May 2025
Aug 2025
Nov 2025

2
W
=
]

Fig. 6. Media-reported incidents and hazards involving Al-generated content, tracked by the OECD’s Al Incidents and Hazards
Monitor, November 2021 -November 2025.
Source: Bengio et al., International Al Safety Report 2026, based on OECD Al Incidents and Hazards Monitor data.

Societal applications do not stand apart from the other six challenges. Whether
Al genuinely improves education, health and agriculture depends on economic con-
ditions (Section 2.1.2),such as whether workers and institutions can afford and adapt
to new tools; on human rights protections (Section 2.2.1),especially for children; and
on governance capacity (Section 2.2.2) to set and enforce standards for safety and
quality. Because Al systems can behave unreliably (Section 2.2.3) and require grow-
ing amounts of energy and hardware (Section 2.2.4), progress in any one country’s
classrooms or hospitals also depends on decisions made far beyond that sector.

2.1.2. ECONOMIC IMPACTS

Al may substantially raise productivity while also
restructuring firms, occupations and labor markets.
Figure 7 shows a strong positive relationship between
Al use and confidence that Al will increase work pro-
ductivity across all age groups. While younger people
generally report higher confidence, the gap narrows
substantially among more intensive Al users, suggest-
ing that greater experience with Al is associated with
more positive expectations about its productivity ben-
efits, regardless of age.
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Fig. 7. Share of respondents who believe Al increases their work productivity, by frequency of Al use and age group. Source:
Human Development Report 2025 survey data.

Figure 8 below shows that, as occupational complexity rises, Al is more likely
to augment human work than to replace it outright, and that Al’s role tends to be
narrow and low-stakes compared with the evaluative, high-stakes judgment that
remains with people.

Expached automation (R
100 5

Al REQUIRES ‘
HUMAN
EVALUATION
COMPLEMENT

RANGE OF POTENTIAL IMPLICATIONS

NAHROW

L] 2 &0 GO 20 1o
Expected augmentation (%)

STAKES

Fig. 8. (a) Relationship between occupational complexity and the expectation that Al will augment, rather than automate,
work; (b) Contrast between Al’s role (automating narrow, low-stakes tasks) and the human role (evaluation and high-stakes
judgment) Source: (Gmyrek et al., 2025).

Additionally, Figure 9 shows how these task-level gains translate into econo-
my-wide productivity, employment, wages, job quality and distribution. The Inter-
national Labor Organization estimates that roughly one in four workers globally
works in an occupation with some exposure to generative Al, while stressing that
this points to the transformation of work rather than its wholesale replacement
(Gmyrek et al., 2025).
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Fig. 9. Employment exposure to generative Al by region, broken down by gender and income level.
Source: Gmyrek et al. (2025).

The figure also reveals a significant gender dimension in Al-driven labor-mar-
ket transformation. Globally, women have greater occupational exposure to Al-re-
lated transformation than men, with 28% of female employment affected compared
with 21% of male employment, and the disparity becomes particularly pronounced
in high-income economies, where the respective shares reach 41% and 28%. Similar
gender gaps appear in the Americas, Europe and Central Asia, and the Arab States,
reflecting women’s greater representation in clerical, administrative, professional,

and other knowledge-intensive occupations where generative Al can automate or

augment tasks. The gender challenge is therefore to ensure that wom-
en are not disproportionately exposed to displacement while
being excluded from the skills, decision-making roles, and
economic opportunities that determine who benefits from

Al-driven transformation.

Economic impacts cannot be managed as a stand-
alone labour-market issue. Productivity gains described
here rely on the technical robustness and reliability of Al
systems (Section 2.2.3): unreliable tools generate few sus-
tainable gains. Who captures these gains also depends on
the advancement and participation gaps described in Sec-
tion 1, since countries and companies with the most com-
puting power and data are best placed to benefit. Redistrib-
uting the benefits and costs of Al-driven change, including
its gender dimension, is fundamentally a governance and
rule-of-law question (Section 2.2.2),and a human rights ques-
tion (Section 2.2.1) about whose livelihoods and dignity are protected

during the transition.
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2.1.3. SECURITY AND PEACE

Another challenge is related to security and peace. As Al evolves its capabili-
ties, such systems can lower the barrier to sophisticated cyber operations, fraud and
large-scale disinformation. Al can also be built into military systems and critical
infrastructure, creating new risks of escalation, unclear accountability, and loss of
meaningful human control. The figure below shows the rapid improvement in Al
systems’ cyber capabilities across multiple independent evaluations between 2024
and 2025. Although performance levels differ substantially across benchmarks, all
indicate an upward trajectory, indicating that they can strengthen defensive activi-
ties,but can also lower the expertise,time,and resources required to identify vulner-
abilities or conduct cyberattacks.

Al system performance on evaluations of cyber capabilities
has improved

Score (%)
100
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390 B Cybench
80 B HonestCyberEval
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70
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Fig. 10. Improvement in Al cyber-capability evaluation scores from February 2024 to December 2025.
Source: Bengio et al., International Al Safety Report 2026.

Figure 11 presents the global map of cyber-risk exposure, revealing a highly
uneven geography of vulnerability, with higher levels of exposure concentrated in
parts of Africa, Latin America, South and Southeast Asia, and selected countries in
the Middle East and Eurasia. This uneven vulnerability stems from differences in
cybersecurity capacity, institutional resilience, digital infrastructure, governance, and
preparedness. As Al expands both the sophistication and accessibility of cyber ca-
pabilities, these existing asymmetries could become more consequential: countries
with weaker defensive capabilities may face increasing threats without equivalent
resources to detect, prevent,and respond to them.
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Fig. 11. Global map of cyber-risk exposure by region, with an accompanying risk-level legend.
Source: Check Point Research, Cyber Security Report 2026.

The same challenge appears in biological tasks. Figure 12 shows that leading
Al systems are rapidly approaching, and in some cases substantially exceeding, hu-
man expert performance on dual-use biological tasks. For example, in multimodal
virology troubleshooting, Al performance rises from roughly 185% of the average
expert baseline in early 2024 to almost 290% in 2025, while performance on knowl-
edge related to biological weapons of mass destruction also remains well above the
expert baseline.

Leading Al systems match or outperform experts
on dual-use biological tasks
Evaluation scores for Al models, relative to human expert baseline

Score relative to average expert (%)

300 B Multimodal virology
T troubleshooting
| Biological weapons
250 of mass destruction
knowledge
W Tacit knowledge and
200 troubleshooting
B B Genetic engineering
scenarios
b1 [ Biology lab protocols
150 -
g B Lab protocol Q&A
— Expert baseline (100%)
100
B
i
50 e = =
Jan Apr July Oct Jan Apr July Oct
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Model release date

Fig. 12. Comparison of Al system performance against a human-expert baseline across
several biological-task benchmarks, showing Al consistently outperforming the baseline.
Source: International Al Safety Report 2026.
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Security risks are not confined to the security domain. The same advances in
Al capability that create cyber and biological risks also drive productivity gains and
new applications in health and science (Sections 2.1.1 and 2.1.2), so restricting ca-
pability to reduce risk carries real economic and social trade-offs. Effective response
also depends on technical robustness and control (Section 2.2.3), since systems that
cannot be reliably evaluated or constrained are harder to secure,and on governance
mechanisms (Section 2.2.2) able to enforce accountability across borders. The un-
even geography of cyber-risk exposure further reflects the participation gap iden-
tified in Section 1: countries with the least influence over how Al is developed are
often the most exposed to its misuse.

2.2. STRUCTURAL Al GOVERNANCE CHALLENGES

Structural Al governance challenges lie beneath these visible, ‘surface” impacts
and shape the conditions under which Al is developed, governed and deployed. They
cover human rights, human agency and human flourishing; Al governance and the
rule of law; technical robustness, safety and reliability; and environmental impacts.
Like the submerged part of an iceberg, these challenges are less immediately vis-
ible but foundational, since they determine who holds power, whether institutions
can govern Al effectively, whether Al systems can be trusted, and whether Al devel-
opment is environmentally sustainable. Addressing surface problems without con-
fronting these deeper conditions risks treating the symptoms of Al transformation
rather than its causes.

2.2.1. HUMAN RIGHTS, HUMAN AGENCY ANDHUMAN FLOURISH-
ING

Human rights cannot be an afterthought considered only after an Al system
has been built. UNESCO’s Recommendation on the Ethics of Artificial Intelligence
places human dignity and human rights at the foundation of the entire Al life-
cycle, and states explicitly that people and communities should not
be physically,economically, socially, politically, culturally or mentally
subordinated by Al systems. UNESCO recognizes that Al can affect
human thinking, interaction and decision-making,and may challenge
autonomy, agency, self-understanding and dignity.

These concerns are especially clear for children. UNICEF’s
ws\ Guidance on Al and Children (UNICEF Innocenti, 2025) argues
é’% that Al is becoming embedded in children’s learning, informa-

: tion environments and social relationships at a formative stage
of development. Generative Al can support learning and acces-
sibility, including for children with disabilities, but UNICEF also flags

emerging risks: persuasive Al-generated disinformation, emotional

dependency on Al companions, privacy violations, and harmful syn-

thetic content. For education specifically, UNICEF warns that genera-
tive Al can increasingly do children’s homework for them, potentially un-
dermining the learning children need at critical developmental stages. Evidence on
Al's medium- and long-term cognitive, psychological and developmental effects on
children nonetheless remains limited, and this note treats that as an open evidence
gap. UNICEF also noted that children remain largely at the margins of Al design and
governance, with children from the Global South, rural areas and marginalized com-
munities particularly excluded.
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This leads from human rights and agency to the broader goal of human flour-
ishing. The right benchmark for Al governance is not simply the absence of harm, nor
technological performance or economic productivity alone. It is whether Al expands
people’s capabilities to learn, create, form relationships, exercise judgment, partici-
pate in society,and pursue lives they have reason to value.

Human rights, agency and flourishing cannot be protected in isolation from the
other challenges. They depend on governance mechanisms with real enforcement
power (Section 2.2.2), on Al systems that are technically reliable and controllable
enough to be trusted with sensitive decisions (Section 2.2.3), and on the societal
applications through which most people actually encounter Al, in classrooms, clin-
ics and workplaces (Sections 2.1.1 and 2.1.2). Because Al-related harms often fall
hardest on groups already excluded from Al’s design and governance, human rights
concerns are also inseparable from the participation gap set out in Section 1.

2.2.2. Al GOVERNANCE AND THE RULE OF LAW

The UN High-level Advisory Body’s Governing Al for Humanity identifies fun-
damental gaps in representation, coordination and implementation. Al governance
remains fragmented across national laws, regional frameworks, voluntary standards,
and plurilateral initiatives, creating regulatory gaps, conflicting requirements, weak
accountability,and “races to the bottom” on safety and rights (UN High-level Adviso-
ry Body, 2024). The UN Advisory Body examined seven major non-UN international
Al governance initiatives (including the OECD and G20 Al Principles, GPAI, and the
Bletchley Declaration) and found that seven countries took part in all seven initia-
tives, while 118 countries took part in none (see Figure 13). Under-representation is
sharpest in the Global South: 48 of 54 African Group countries, 44 of 54 Asia-Pacific
Group countries, and 25 of 33 Latin American and Caribbean countries
were absent from all seven initiatives examined (UN High-level
Advisory Body, 2024). Therefore, the global Al divide is also a
governance participation divide.
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Sample: OECD Al Principles (2019), G20 Al principles (2019), Council of Europe Al Convention
drafting group (2022-2024), GPAI Ministerial Declaration (2022), G7 Ministers’ Statement (2023),

Bletchley Declaration (2023) and Seoul Ministerial Declaration (2024).
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Fig. 13. The Global Al Governance Participation Gap — country participation across seven non-UN international Al governance
initiatives, showing concentration among a small group of countries and limited Global South participation.
Source: UN High-Level Advisory Board’s Governing Al for Humanity.

UNESCO’s Recommendation on the Ethics of Artificial Intelligence highlights
that ethical Al governance needs principles and mechanisms for monitoring, im-
pact assessment, auditability, traceability, accountability, redress, and enforcement
across the Al lifecycle (UNESCO, 2021). UNESCO’s Readiness Assessment Method-
ology (RAM) turns these commitments into a practical assessment of a country’s
legal and regulatory, social and cultural, scientific and educational, economic, and
technical and infrastructural capacity (UNESCO, 2023). The OECD similarly identifies
governance, data, digital infrastructure, skills, investment, procurement, and part-
nerships as critical conditions for responsible Al adoption, alongside proportionate
guardrails, stakeholder participation, and adaptive governance mechanisms (OECD,
2025). Although international organizations have already built substantial norma-
tive frameworks on human rights, safety, transparency, accountability, fairness and
human oversight, it is still challenging to connect those principles to representative
decision-making, institutional capacity, and effective implementation.

Al governance and the rule of law function as the connective tissue for the
other six challenges. Human rights commitments (Section 2.2.1) require institutions
capable of monitoring and enforcement; technical safety work (Section 2.2.3) needs
authorities able to restrict or halt unsafe deployment; environmental impacts (Sec-
tion 2.2.4) require rules on disclosure and resource use; and security risks (Section
2.1.3) require accountability mechanisms that operate across borders. The gover-
nance participation gap documented above is itself one expression of the broader
participation gap introduced in Section 1: countries absent from Al governance fo-
rums are also largely absent from decisions that shape how Al’s economic benefits
(Section 2.1.2) are distributed.

-~ o

2.2.3. TECHNICAL ROBUSTNESS, SAFETY AND RELIABILITY

The International Al Safety Report 2026 treats loss of control as a distinct cat-
egory of advanced Al risk, while stressing substantial scientific uncertainty about
how likely it is and how it might unfold (Bengio et al., 2026). Earlier work by Amodei
et al. (2016) showed that seemingly simple requirements for “safe Al” create hard
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technical problems,including reward hacking, scalable supervision, safe exploration,
and robustness to distributional shift. Robustness and reliability are therefore pre-
requisites for control: a system that behaves unpredictably under changing condi-
tions, exploits weaknesses in its own objectives, or cannot be properly evaluated is
inherently hard to govern. The problem is even deeper with greater capability, since
it may make traditional human oversight progressively less effective.

This connects controllability to the broader problems of alignment, robustness,
and reliability. Alignment asks whether an Al system acts consistently with human
intentions, while robustness asks whether it continues to do so under new or dif-
ficult conditions. Research has shown that systems may resist correction, develop
unintended objectives, or behave strategically in ways that are difficult to detect
(Hadfield-Menell et al., 2016; Hubinger et al., 2019; Ngo et al., 2022). More recent
“sleeper agent” experiments demonstrate that deceptive behavior can persist even
after standard safety training (Hubinger et al., 2024). This is why Greenblatt et al.
(2024) distinguish alignment from control: alignment, robustness, and reliability
seek to make Al behave as intended; controllability provides a layer of defense when
they fail.

Controllability, therefore, is a technical and a governance challenge. As Al sys-
tems become more capable and autonomous, technical safeguards must be com-
bined with institutions that determine who can develop, deploy, monitor, restrict, or
stop powerful systems (Bengio et al.,2024). Effective controllability should therefore
be understood as a layered socio-technical system,combining alignment, robustness
and reliability with interpretability, continuous monitoring, restrictions on capabili-
ties and access where necessary, mechanisms for human intervention and shutdown,
and independent institutions capable of evaluating and constraining deployment.

Technical robustness, safety and reliability underpin
every other challenge in this note. Unreliable or poorly con-
trolled Al systems weaken the societal applications and
economic gains described in Sections 2.1.1 and 2.1.2,widen
the security risks described in Section 2.1.3, and make hu-
man rights protections harder to guarantee (Section 2.2.1).
Because building and testing trustworthy systems is re-
source-intensive, capacity to address this challenge is also
shaped by the advancement and participation gaps in Sec-
tion 1 and by the governance institutions described in Sec-
7 tion 2.2.2, which decide who has the authority to evaluate,
— =~ restrict or shut down powerful systems.

2.2.4. ENVIRONMENTAL IMPACTS

The computing power used to train state-of-the-art Al models grew roughly
350,000 times between 2014 and 2024, even as the cost of GPU computation fell by
more than 99% since 2006 (IEA, 2025), as described in Figure 16. Cheaper computa-
tion combined with rapidly growing computational scale helps explain the growth
in Al capability. However, it also creates a rebound effect, where the efficiency gains
do not automatically lower total resource use once they enable much larger models,
more applications,and far more inference.
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Fig. 14. Declining GPU computation costs alongside rising computational requirements for training state-of-the-art Al mod-
els,2006-2024.
Source: International Energy Agency, Energy and Al (2025).

To deliver such computational power, Al systems rely on a global supply chain
running from high-purity quartz and semiconductor fabrication to GPUs, servers, data
centers, electricity grids and cooling systems. As the International Energy Agency
(IEA,2025) noted, advanced chips depend on highly concentrated and geographical-
ly uneven supply chains, while expanding Al infrastructure raises demand for both
electricity and critical minerals (see Figure 17).

Silicon wafer

Computer vision

enerative Al

Al is supported by a highly complex global supply chain
Fig. 15. The material and infrastructural supply chain underpinning Al, from raw materials and semiconductor manufacturing

to data centers and Al applications.
Source: International Energy Agency, Energy and Al (2025).
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As a consequence of such increasing demand of computational power, the im-
pact on energy systems are significant. Data centers consumed about 415 TWh of
electricity in 2024 — around 1.5% of global electricity use — and that consumption
has grown roughly 12% a year since 2017. The IEA projects consumption more than
doubling to around 945 TWh by 2030, with Al as the main driver.

Importantly, environmental impact arises across the entire Al lifecycle, not only
during a model’s final training run. A full life-cycle assessment needs to include
material extraction and processing, semiconductor and equipment manufacturing,
transport, data-center construction and operation, model development and experi-
mentation, training, deployment, inference, and eventual hardware replacement and
e-waste. Luccioni et al. (2023) argue for exactly this broader life-cycle view. Their
analysis a 176-billion-parameter language model (called BLOOM), shows that the
final training run produced an estimated 24.7 tons of CO,-equivalent counting only
dynamic electricity use, but about 50.5 tons once equipment manufacturing and
broader operational energy were included (Luccioni et al., 2023).

Al development’s footprint extends beyond the final training run,too. Within the
BigScience project, experiments on intermediate models (104-billion- 13-billion-
and 1-billion-parameter versions) produced an estimated 35.8 tonnes of CO,-equiv-
alent, more than the dynamic emissions from training the final BLOOM model itself.
Once experimentation, evaluation,embodied emissions and idle infrastructure were
included, the footprint of the broader development process grew substantially larger
(Luccioni et al., 2023).

Inference’s environmental cost varies with model architecture, model size, hard-
ware, data-center efficiency, electricity source, and the task being performed (see
Figure 18). Under experimental conditions,the |[EA (2025) estimates a single query to
an Al model needs around 2 Wh for language generation, at least twice that for large
reasoning models, and substantially more for video generation. In an 18-day deploy-
ment test with BLOOM, Luccioni et al. (2023) found the infrastructure kept consum-
ing substantial electricity even when few or no requests were being processed

2
8
6
4 s
2 5
———
Very small LM Small LM Medium-sized LM Large Large reasoning
MoE model
IEA, CC BY 4.0.

Model design and model choice have large impacts on electricity intensity

Fig. 16. Indicative electricity consumption of inference across different language-model sizes, showing how power use rises
with model size and reasoning capability.
Source: International Energy Agency, Energy and Al (2025).

It is worth mentioning that Al’s relationship with environmental sustainability
is not only negative. Al can support climate modeling, renewable-energy forecasting,
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electricity-grid management, industrial efficiency, transport optimization, ecosystem
monitoring and scientific discovery. The |EA (2025) estimates that wider adoption of
existing Al applications could enable emissions reductions substantially larger than
the direct emissions from data centers — for example, by improving renewable-ener-
gy forecasting and grid integration, spotting faults in electricity networks, optimizing
industrial processes, improving transport efficiency, and speeding up the discovery
of new materials and energy technologies. At the same time, the IEA cautions that
these benefits remain far smaller than what is needed to address climate change
and may be partly offset by rebound effects (IEA, 2025).

Environmental impacts are tightly linked to the other six challenges rather
than a separate cost of doing business. The computing infrastructure described here
is the same infrastructure that drives the advancement and partic-
ipation gaps in Section 1, so countries without secure en-
ergy and mineral supplies risk falling further behind.
Energy and hardware constraints also shape how far
Al can responsibly expand into health, education
and other societal applications (Section 2.1.1)
and how quickly economic gains materialise
(Section 2.1.2), while competition over chips,
minerals and data-centre siting is increasing-
ly a security and geopolitical concern (Section
2.1.3) that requires coordinated governance
(Section 2.2.2).

CONCLUSION

Artificial intelligence has moved from a aa
specialized research tool to a general-purpose in- \
frastructure reshaping economies, institutions, and
everyday life at a pace that outstrips most earlier technol- o -
gies. Governments and institutions are struggling to understand and govern a tech-
nology that evolves faster than their capacity to assess it, while the countries and
communities most affected by Al often have the least power to shape how it is built
or deployed. Keeping pace with Al’'s technical progress is therefore not, by itself, a
sufficient policy goal and it is paramount to ensure that this advance translates into
broadly shared gains.

Because these challenges emerge from the same underlying transformation,
none of them can be addressed in isolation, and treating them as a checklist to
work through one at a time is likely to fail. Gains in one area routinely create costs
or risks in another. Therefore, effective Al governance requires policymakers to see
the relationships,dependencies,and trade-offs among these challenges as clearly as
the challenges themselves, and to build institutions capable of managing Al as the
single, interconnected system it actually is, rather than as seven separate problems
with seven separate solutions.
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