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We are at a defining crossroads. Artificial intelli-
gence is advancing at unprecedented speed, as 
sustainability transitions come under growing pres-
sure from climate change, resource constraints, 
and geopolitical conflict. How AI is aligned with the 
planetary environment and embedded across ener-
gy systems, industry, finance, and democracy will 
determine the path forward for humanity. The future 
is not predetermined; it will be shaped by the choic-
es we make today.

This report reflects Hitachi’s view that research 
and development must generate long‑term societal 
value alongside technological progress. The analy-
sis has been developed through our close collabo-
ration with the Columbia Center on Sustainable In-
vestment (CCSI), a center of the Columbia Climate 
School at Columbia University, bringing together 
academic insight and industry‑based perspectives.

The report examines AI’s opportunities and risks 
across key domains, including the planetary en-

vironment, energy systems, industry and labor, fi-
nance, and democracy and societal resilience, and 
conveys a clear message: the direction and impact 
of AI will be shaped by how it is designed, deployed, 
and guided within society. AI can support sustain-
ability transitions, but only if it is steered through 
transparent, accountable, and internationally 
aligned frameworks.

I extend my sincere appreciation to the research-
ers, expert contributors, and the creative produc-
tion team whose collective efforts and dedication 
shaped this work. We hope this report contributes 
to informed dialogue and responsible action toward 
aligning AI with a sustainable and inclusive future.

Shigetoshi Sameshima
Vice President and Executive Officer, CTO,
General Manager of the Research & Development 
Group,
Hitachi, Ltd.

FOREWORD

Forew
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EXECUTIVE SUMMARY

AI in the Context of Sustainability Transitions

Opportunities

Planetary Environment: Monitoring, Forecast-
ing, and Planning
AI enhances environmental monitoring, forecasting, 
and resource management. By integrating satellite 
imagery, sensor data, historical records, and citizen 
science, AI enables multi-scale analysis of climate 
dynamics, biodiversity loss, pollution trends, and 
land-use change. These tools support scenario 
planning and shift decision-making from reactive 
crisis response to proactive resilience-building.

Energy Systems: Efficiency and Integration
AI can accelerate energy transitions by improving 

Artificial Intelligence (AI) is emerging amid converg-
ing global crises: climate change, biodiversity loss, 
geopolitical instability, and widening inequality. It is 
entangled with these challenges and is beginning 
to reshape their trajectories—in some instances 
amplifying risks, and in others opening new path-
ways—in ways that remain deeply uncertain.

This moment prompts us to grapple with how AI will 
influence the transition toward a sustainable future. 
While there is growing recognition of the opportuni-
ties and risks associated with AI’s applications, the 
exact functioning of AI models remains elusive. En-
gineers who contributed to developing these mod-
els now seek to understand how the technology 
actually functions. The space and process between 
what users input and what models’ output can be 
considered a “black box,” as the ways in which 
models process information and generate outputs 
are not fully understood. While humanity has gone 
through several technological transformations in 
the past, governing AI poses a unique challenge, as 
the exact cause and effect, and therefore the pre-
dictability of these technologies, is unknown. 

This report argues that AI’s impacts are not pre-
determined. Outcomes depend on how AI is de-
signed, deployed, and governed. Sector-specific 
measures can mitigate many near-term harms, but 
they are insufficient to address the systemic risks 
posed by increasingly powerful, general-purpose AI 
systems. The report therefore advances a three-lay-
ered governance framework—sectoral, cross-cut-
ting, and global—paired with a phased roadmap 
toward global AI governance capable of aligning AI 
development with long-term societal and planetary 
well-being.

Executive Sum
m

ary

Sustainability transitions require deep, coordinated 
transformations across multiple sectors and social 
systems. AI is emerging as a general-purpose tech-
nology with the capacity to reshape how societies 
make decisions, understand complexity, and allo-
cate resources.

AI development is advancing faster than scientif-
ic understandings of its internal workings and the 
governance systems designed to oversee it. The 
“black box” nature of advanced models limits their 
auditability in critical areas such as natural resource 
management, biosafety, and finance. This asymme-
try creates risk at an unprecedented scale.

The report situates AI within the broader frame-
work of sustainability transitions, emphasizing that 
sustainable outcomes depend on complementary 
changes in institutions, governance, norms, and 
power structures. AI’s role is therefore inherently 
political and societal, rather than solely technical.
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participation. AI-enabled tools can help govern-
ments deliver public services more efficiently and 
respond more effectively to crises.

Across these domains, a common thread emerges: 
AI has the ability to synthesize complex data, model 
scenarios, enhance sectoral efficiency, and sup-
port strategic decision-making at multiple scales. 
Together, these potential applications underpin AI’s 
transformative impact.

system efficiency, enabling renewable integration, 
modernizing grids, and accelerating innovation in 
energy technologies. Applications range from pre-
dictive maintenance and load forecasting to de-
mand-side management and smart grid optimiza-
tion.

Beyond operational efficiency, AI shortens research 
and development timelines in areas such as battery 
chemistry, materials science, and carbon capture. 
These capabilities are critical for decarbonization—
but only if AI’s own energy footprint is carefully 
managed.

Industry and Labor: Productivity, Precision, and 
Flexibility
In industry and labor markets, AI drives productivity 
gains at the workplace level by automating tasks, 
streamlining operational functions, and comple-
menting human capabilities. At a systemic level, AI 
may create new industries or occupations.

Finance: Risk Assessment and Portfolio Man-
agement
AI improves financial efficiency through enhanced 
risk assessment, portfolio optimization, and data 
integration. It can expand data availability in emerg-
ing markets and improve the operational speed of 
development finance institutions.

However, efficiency gains and improved data alone 
may not overcome deeper structural and macro-
economic constraints that limit capital flows or sus-
tainability outcomes.

Democracy and Societal Resilience: Knowledge 
and Participation
AI can strengthen democratic deliberation and so-
cietal resilience by improving access to information, 
supporting fact-checking, and enabling inclusive 

Executive Sum
m

ary

Risks and Systemic Challenges

Alongside its transformative potential, AI introduc-
es significant domain-specific and systemic risks. 
Many of these risks are cross-cutting because 
they stem from the same core features that make 
AI powerful: its scale, speed of diffusion, resource 
intensity, and concentration of control.

Planetary Environment: Resource Strain and 
Waste
AI is deeply resource intensive. The expansion of 
the AI value chain—from the mining of critical min-
erals for semiconductors to the construction and 
operation of hyperscale data centers—escalates 
pressure on resources such as water and land. High 
electricity demand for AI data centers, particularly 
on fossil-fuel-intensive grids, directly contributes to 
CO2 emissions and risks entrenching carbon lock-
in. This ecological footprint is compounded by a 
surge in electronic waste that outpaces global recy-
cling capacities, leading to increased pollution from 
toxic substances found in obsolete hardware, such 
as lead and mercury.

Industry and Labor: Automation and Substitu-
tion
In industry and labor markets, AI-driven transforma-
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more salient. Especially when considering the po-
tential development of superhuman capabilities, 
the risks become systemic, transboundary, and 
potentially irreversible. Without robust governance, 
increasingly powerful models may pursue unintend-
ed goals — potentially deceiving or manipulating 
human actors — which can emerge when systems 
are insufficiently aligned with human values. 

Across domains, these risks are interconnected. 
Environmental strain, financial fragility, labor disrup-
tion, democratic erosion, and security vulnerabili-
ties are not isolated phenomena but reflections of 
broader systemic challenges in transparency, gov-
ernance, market concentration, and human over-
sight. Addressing AI’s risks therefore requires not 
only sector-specific safeguards, but coordinated, 
cross-cutting governance responses.

Sectoral Governance
Sectoral governance focuses on how AI is deployed 
within specific domains – planetary environment, 
energy systems, industry and labor, finance, and 
democracy and societal resilience. It aims to maxi-
mize benefits while managing context-specific risks 
through targeted regulation, standards, and over-
sight.

Examples include environmental impact require-
ments for data centers, labor protections against 
algorithmic management, financial stress testing for 
AI-driven markets, and safeguards for democratic 
processes.

Cross-Cutting Governance
Cross-cutting safeguards address risks common 
across all domains. These include transparency, 

A Three-Layered Governance Framework

tions interact with existing forms of structural exclu-
sion. The shift toward automation risks significant 
labor displacement, particularly for roles involving 
routine or administrative tasks, which may dispro-
portionately affect marginalized demographics and 
entry-level workers, while concentrating benefits 
among high-skill workers and firms. 

Finance: Automating Risk
AI may amplify systemic risk, especially if AI adop-
tion is happening faster than regulatory and su-
pervisory frameworks can adapt. Algorithmic bias, 
opaque decision-making, and AI hallucinations may 
distort investment decisions. Additionally, heavy re-
liance on similar models and technologies increas-
es systemic vulnerability by creative potential “sin-
gle points of failure” whose impacts could manifest 
across interconnected markets. 

Democracy and Societal Resilience: Informa-
tion Manipulation
Generative AI increases the scale and sophistica-
tion of misinformation and disinformation, challeng-
ing the integrity of the global information ecosys-
tem. The proliferation of AI-generated misinforma-
tion can distort public debate, manipulate electoral 
processes, and weaken trust in institutions. These 
risks are compounded by the concentration of AI 
development among a small number of technology 
firms, whose growing economic and political power 
could be used to advance private interests—such 
as deregulation or preferential market access—at 
the expense of the public good.

Existential and Systemic Risks
Finally, risks emerge from the trajectory of AI de-
velopment itself. As systems become more au-
tonomous and capable of advanced planning and 
persuasion, concerns about the loss of human con-
trol and misalignment with societal values become 

Executive Sum
m

ary
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The report outlines a roadmap for global AI gover-
nance:

	● Phase 1: Establish a Shared Scientific Base-
line
The report emphasizes scientific alignment as 
a prerequisite for political coordination. It high-
lights the role of the UN-mandated Independent 
International Scientific Panel on AI and proposes 
the creation of an AI Expert Technical Laborato-
ry—a global, cooperative environment for testing 
and evaluating frontier AI systems.

	● Phase 2: Interim Governance for Harm Pre-
ventionIn the medium term, the report calls for 
an interim international framework focused on 
harm prevention. This may include temporary 
restrictions on specific categories of high-risk 
AI research and inclusive multi-stakeholder pro-
cesses to translate scientific insights into policy.

Technology is what we make of it. As AI technolo-
gy continues to evolve and diffuse across societies 
at unprecedented scale and speed, the choices we 
make to meet this moment will be crucial for shap-
ing our collective future. 

AI is neither an inherent savior nor an inevitable 
threat; its impact on sustainability transitions will 
be dictated by the deliberate choices. To ensure AI 
acts as a force for good—anchored in safety and 
accountability— we must move past the ‘black box’ 
and build a foundation of transparency and deep 
technical understanding.

The report concludes that governance is the cen-
tral lever for aligning AI with long-term societal and 
planetary goals. Without coordinated action—par-
ticularly at the global level—AI risks accelerating 
unsustainable trajectories. With it, AI can become 
a powerful catalyst for inclusive, resilient, and sus-
tainable futures.

A Phased Roadmap Toward Global AI 
Governance

Conclusion

Executive Sum
m

ary

	● Phase 3: Long-Term GlsWobal Governance 
Framework
The final phase envisions a binding but adapt-
able global framework convention on AI. This 
would establish shared obligations and account-
ability mechanisms and set a universal baseline 
while allowing states flexibility to tailor regula-
tions to national priorities.

data quality, cybersecurity, human oversight, and 
participatory design.

Key instruments include auditing and verification, 
human-in-the-loop systems, plain-language control 
interfaces, robust data protection, and inclusive ca-
pacity-building to prevent AI colonialism and knowl-
edge extraction.

Global AI Governance
Sectoral and cross-cutting governance frameworks 
are insufficient to address the risks posed by the 
pace and direction of AI capability development. 
Global AI governance operates at this higher level, 
guiding how far, how fast, and under what condi-
tions advanced AI systems are developed.
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AI development and diffusion is improving at ex-
traordinary speed. It now demonstrates forms of 
reasoning once thought uniquely human, surpass-
es domain experts in speed and accuracy, and in-
creasingly shapes decisions at a systemic level. Yet 
despite its growing influence, scientists still do not 
fully understand how advanced AI models produce 
their outputs or why they behave as they do.

Behind these systems lies vast infrastructure—
data centers, semiconductors, massive models, 
and global supply chains—deeply entangled with 
environmental degradation, social inequality, geo-
political tension, and information distortion. AI 
has transformative potential: it can accelerate 
solutions at unprecedented speed and scale or 
amplify existing risks to the detriment of soci-
ety. Moreover, the potential development of artifi-
cial superintelligence could force humanity to re-
consider what it means to be the dominant species 
on this planet. 

In this moment of uncertainty and intertwined cri-
ses, we must consider how AI will shape and impact 
the transition toward sustainability. How should we 
weigh its risks and opportunities? How much of AI’s 
future are we actively shaping as a society? How 
much are we allowing it to shape itself? Most impor-
tantly, how can we build AI for good and harness its 
unique advantages to advance a future of long-term 
prosperity for people and the planet? 

This report examines AI’s systemic and cross-cut-
ting influence contextualized by the landscape of 
sustainable development transformations. Much of 

the existing literature focuses narrowly on specific 
AI applications, as isolated from broader societal 
implications, or it investigates the opportunities and 
risks of superintelligent AI at a highly abstract level 
detached from real-world use cases. This report 
bridges those perspectives, exploring practical ap-
plications that may advance sustainable develop-
ment while also being conscious of our unique po-
sitioning at a decisive crossroads in AI’s evolution. 

Governing AI as a “force for good”
The analysis of AI as a potential “force for good” 
is therefore paired with a critical examination of 
whether current development and deployment ap-
proaches—alongside the broader socio-technical 
ecosystem of research, governance, and industry 
practices—are capable of realizing that potential. 

Current AI development trajectories are largely 
shaped by technical priorities and concentrated 
economic incentives, often in the absence of clear 
legal, ethical, or social frameworks for accountabili-
ty. The core issue is therefore not just if the techno-
logical capabilities of AI should be developed, but 
whether our human collective and institutions are 
capable of guiding this development towards a fu-
ture of use that is safe, accountable, and ethical.  

The rapid pace of AI development and deployment 
urges timely action to ensure the existence of ap-
propriate governance frameworks. In response, this 
report positions governance as the foundational 
mechanism through which society can shape AI’s 
transformative potential to either support sustain-
able development or undermine it. 

INTRODUCTION

Introduction

11



12

XXXXXXXXXXXXXXX



13

XXXXXXXXXXXXXXX

Part I
Context: 
Artificial Intelligence
and
Sustainability Transitions
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2. Artificial Intelligence

AI is the technology that matches or exceeds the capabilities of a human, including the ability to discover, to 
infer, to reason, and to make decisions.

AI can be categorized on the basis of its capabilities 
as Narrow, General, or Superintelligent.1

	● Narrow AI (ANI), the only one that exists today. 
It excels in specific tasks, such as generating 
images or translating languages. Generative AI 
(gen AI), which is based on deep learning model 
algorithms that simulate the learning and deci-
sion-making processes of the human brain, sits 
within ANI.  Building on gen AI techniques, agen-
tic AI can achieve goals with limited supervision, 
as it is able to plan multiple steps and coordinate 
tasks autonomously.
	● Artificial General Intelligence (AGI) - still hy-
pothetical. It mirrors human cognition and has 
the ability to learn and perform any intellectual 
task that a human being can perform. 
	● Artificial Superintelligence (ASI) surpasses 
human capabilities, thus raising ethical and exis-
tential questions for humanity.

Although many people associate AI with Large 
Language Models (LLMs), LLMs are only a subset 
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of AI primarily based in natural language data and 
applications. The broader ecosystem of AI capabil-
ities includes vision, audio, spatial awareness ca-
pabilities, and domain-specific intelligence. These 
capabilities may be realized through a number of 
AI models, such as physical AI — e.g., robots and 
autonomous vehicles — or agentic AI. 

The type of data and information a system uses is 
called a modality of data. Modalities of data are not 
to be confused with domains, the field of applica-
tion where AI is deployed (e.g., natural language 
processing). Domains are often anchored in and 
associated with a dominant modality: for exam-
ple, natural language processing uses text data. In 
practice, however, AI systems may rely on multiple 
modalities of data, especially as they become in-
creasingly complex. 

AI is also commonly categorized by learning 
methodology. 

 

Data Modality* Domain

Natural language processing (NLP)

Large language models (LLMs)

Computer Vision

Speech and Audio AI systems

Robotics and spatial AI

Applications

Table 1.  AI applications sorted by dominant data modality

*This figure organizes AI domains by primary data modality for clarity. However, AI systems may be multimodal, integrating and processing different forms of 
data within a single system.   Source: CCSI

Text
(Language tokens)

Image, including Video
(Pixels)

Audio
(Waveforms)

Spatial
(3D data: coordinates, 
movement, etc)

Email f i ltering, autocomplete and predictive text, 
translation

Chatbots, summarization, code generation, multilingual 
translation

Object detection, facial recognition, medical imaging, 
autonomous vehicles

Speech-to-text, text-to-speech, voice assistants, music 
generation

Autonomous robotics, augmented reality (AR) headsets, 
automated site monitoring, real-time location-based an-
alytics.
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Artificial Intelligence

Machine Learning

Deep Learning

Generative AI

LLMs

Table 2.  AI learning methodology

Source: CCSI

Category Domain Function

Machine Learning
(ML)

Learn patterns from data (supervised, 
unsupervised, reinforcement)

Fraud detection, customer segmentation, robotics, 
supply chain optimization

Deep Learning
(DL)

Handle complex data like images, 
audio, sequences

Image recognition (CNNs), time-series forecasting
 (RNNs/LSTM), generative models (GANs, diffusion 
models)

Large Language Models
(LLMs)

Process and generate natural 
language, text reasoning

Chatbots, summarization, code generation, 
multilingual translation

Multimodal / 
Foundation Models

Integrate multiple data types for 
complex reasoning

Text + image generation, image captioning, 
cross-modal reasoning



17

3. ARTIFICIAL INTELLIGENCE AND 
SUSTAINABILITY TRANSITIONS

The current mode of development degrades the 
Earth’s finite capacity to sustain human well-be-
ing. Despite the growth of the global economy over 
the last 50 years, our resource-intensive model has 
come at a massive cost:2 biodiversity loss is oc-
curring at an alarming rate,3 global CO2 emissions 
continue to rise and reach record levels,4 and air 
pollution causes some 8 million premature deaths 
annually.5  A recent study projects that under cur-
rent trends and policies, the breach of all planetary 
boundaries,6 except for ozone depletion, will contin-
ue to worsen by 2050.7  

These environmental crises are compounded by 
growing inequality,8 with 3.5 billion9 people remain-
ing poor (44% of the global population), 700 mil-
lion10 living in extreme poverty (8.5% of the global 
population), and 673 million11 people experiencing 
hunger (8.2% of the global population). This conflu-
ence of factors disproportionally impacts the most 
vulnerable populations and threatens the achieve-
ment of the Sustainable Development Goals (SDGs) 
by 2030. 

Achieving the SDGs requires six interconnected 
transformations across key domains, including 
education, health, energy decarbonization, food 
systems, land and water use, the built environ-
ment, and digitalization.12 Sustainable development 
practitioners have always been clear that these 
shifts demand intentional changes in technology, 
in social practices, societal norms, legal and poli-

cy frameworks, and business models,13 as well as 
multi-stakeholder collaboration that integrates di-
verse forms of knowledge into planning, solution 
design, and decision-making. The advent of AI 
with its potentially unprecedented impact on sus-
tainable transformations further reinforces these 
imperatives.

AI is transforming our world: it is already reshaping 
our lives, our interactions, and our environments. 14  

AI can raise productivity, lower production costs, 
improve matching in markets, and make public ser-
vices more readily available. AI also holds signifi-
cant potential to improve resource efficiency, sup-
port circular economy models, enable energy sys-
tem decarbonization, and enhance the monitoring 
and protection of ecosystems, all functions that are 
critical to achieving the SDGs.

Precisely because AI is becoming so deeply 
embedded in how societies function and deci-
sions are made, its trajectory, namely the direc-
tion and evolution of its development and de-
ployment, matters as much as its capabilities. 
While its potential to support transformations for 
sustainable development is substantial, the speed 
and scale of current advances raise fundamental 
questions about direction and control. Without de-
liberate guidance, these same technologies risk 
amplifying existing inequalities, concentrating 
power, and placing strain on social and institu-
tional systems, rather than strengthening them.

3. Artificial Intelligence And  Sustainability Transitions
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Part II
Opportunities and Risks

This section of the report examines the opportu-
nities and risks associated with the deployment of 
AI across several key areas: the planetary environ-
ment, energy systems, labor and industry, finance, 
and democracy and societal resilience. Rather 
than focusing on specific applications—which 
fall beyond the scope of this study—the analysis 
seeks to identify broader trends and dynamics that 
emerge from the literature,15 with the aim of de-
veloping an overall understanding of how AI may 
contribute to, or potentially undermine, progress 
toward the sustainability transitions within these 
domains. These findings must be contextualized: 
the environmental and social footprint of AI is not a 
fixed attribute of the technology itself, but a result 
of specific decisions.

After examining the opportunities and risks of AI, 
this report identifies both cross-cutting and ar-
ea-specific approaches to address challenges aris-
ing from the use of existing AI tools. The cross-cut-
ting approaches to govern AI—transparency and 
human oversight, robust security and data protec-
tion, and inclusive, cross-sectoral collaboration—
serve as foundational guidelines relevant across all 
five focus areas, while the area-specific measures 
are defined for each domain, reflecting its unique 
characteristics and needs.
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4. PLANETARY ENVIRONMENT

4. Planetary Environm
ent

Despite global goals to halt and reverse nature loss, limit global warming, and reduce pollution levels, prog-
ress has been limited on these fronts.16 This section examines the principal opportunities and risks associ-
ated with the deployment of AI in biodiversity conservation and restoration, pollution reduction, and climate 
change mitigation and adaptation to answer the question of how and under which conditions AI has the 
potential to accelerate action on nature, climate and pollution.
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4.1 OPPORTUNITIES
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AI is transforming environmental science through more precise, scalable, and integrated analysis of Earth 
systems. Its capabilities enhance the measurement, modeling, and forecasting of ecological and climatic 
processes, providing evidence-based insights to optimize resource management, anticipate environmental 
risks, and broaden participation in conservation and climate action.  

One of the major transformations driven by AI 
is the way in which experts and non-experts 
engage with Earth system-related data, from 
data production and analysis, to dissemination of 
information. 

	● Existing and emerging AI applications can ex-
pand field monitoring, automate numerous tasks, 
standardize health indicators for ecosystems 
and species,17 and provide information through 
advanced simulation and representation.18

	● Improved remote sensing and image and sound 
recognition can enable high-fidelity, large-scale 
mapping of biodiversity and species distribution, 
while technologies such as digital twins can be 
used to model the likely outcomes of specific 
interventions.19 Such improved detection ca-
pabilities can be used to track trends—e.g., 
habitat fragmentation, land use changes, ocean 
acidification—and identify anomalies, while 
streamlining the monitoring and reporting re-
quired for local or international compliance.20

	● AI helps overcome the lack of high-quality data 
necessary to track the precise rate and scale of 
environmental change.21 When associated with 
satellite imagery, these applications have been 
useful for e.g., identifying and monitoring pollu-
tion and its sources. When combined with re-
mote sensing, they have been used to document 
changes at hazardous sites over time.22 Similar-
ly, AI can be leveraged to analyze emissions data 
collected with remote sensing technologies be-
cause of its ability to provide real-time insights 
and synthesize information across sources. This 

use case makes AI a valuable tool for verification 
and compliance with local requirements or emis-
sion reduction commitments.23

	● Beyond raw data collection, AI can overcome 
data fragmentation by consolidating and inte-
grating expansive data sets from diverse sourc-
es, ranging from satellite imagery and drone 
feeds to in-situ sensors, citizen science, and 
government records. This synthesis of informa-
tion allows AI to understand environmental shifts 
rapidly and across multiple scales, from local 
habitat degradation to broad landscape change 
from phenomena such as deforestation.24

	● AI could minimize data waste in the field of 
conservation. Over the past few decades, 
scientists and practitioners have collected 
a wealth of data, much of which remains un-
derutilized.25 AI’s ability to synthesize and inte-
grate diverse datasets may provide a potential 
remedy to this problem.26    

Opportunity 1 - Improved monitoring, measurement, and reporting of Earth systems
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	● AI’s unique ability to synthetize data not only en-
hances the understanding of environmental sce-
narios in real-time, but also significantly increas-
es the accuracy of predictive forecasting. This 
predictive power applies to complex long-term 
trends such as habitat loss, ocean acidifica-
tion, and global pollution. Currently, AI-assisted 
predictive modeling is most commonly used to 
model climatic, disaster-related, and ecological 
and disease shocks.27 
	● Early warning systems represent a specific and 
distinct application of this predictive capacity. 
Synthesizing historical records with current en-
vironmental variables allows AI-driven tools to 
detect early ecological hazards and extreme 
events, including floods, droughts, wildfires, and 
hurricanes. AI-supported early warning sys-

tems can enable proactive disaster risk man-
agement, helping communities plan and pre-
pare for future conditions. For instance, AI-driv-
en urban resilience tools can be used to support 
infrastructure planning by identifying vulnerabili-
ties and optimizing land use.28 Such a shift from 
a reactive stance during emergencies to a pro-
active, evidence-based approach has the poten-
tial to bolster communities’ long-term resilience 
and decrease reliance on external post-disaster 
interventions.29

	● In the context of predictive forecasting for cli-
mate mitigation, AI enables the discovery of 
new CO2-absorbing materials by modeling and 
anticipating how different atomic or molecu-
lar configurations will perform under specified 
conditions.30

Opportunity 2 - Refined scenario planning and predictive forecasting

as agriculture, where AI-supported applications 
allow farmers to make more informed decisions 
on e.g., irrigation and optimizing water usage or 
crop management and reducing reliance on fer-
tilizers and agro-chemicals that might otherwise 
leak into the water and soil.32

	● Leveraging large-scale environmental datasets 
and AI-driven predictive analytics, stakehold-
ers can optimize natural resource management 
strategies through evidence-based, scenario-in-
formed decision-making. For example, AI mod-
els can forecast water demand and availability 
across river basins, guiding irrigation planning.31 

This is already happening in some sectors such 

Opportunity 3 -  Better informed and optimized environment and resource management 

	● None of these practical applications would be 
possible without translating complex scientific 
information into actionable insights. This is often 
referred to as AI’s ability to democratize environ-
mental knowledge, namely by bridging the gap 
between complex scientific data and public ac-
tion.33 Making environmental information more 

Opportunity 4 - Democratizing environmental knowledge

accessible has several practical implications, 
including potentially increasing participation in 
environmental decision-making processes from 
a diverse group of stakeholders and facilitating 
communication of technical knowledge in both 
formal and informal contexts.
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electricity generation—unless solar and wind 
based—require water for cooling due to their 
high thermal loads, which can exacerbate re-
gional water scarcity if no drastic water saving 
or recycling measures are in place; AI training 
and deployment are linked to high energy 
consumption and CO2 emissions, especially 
when not paired with renewable deployment; 
	◦The resulting surge in electronic waste con-
tinues to outpace recycling capabilities, lead-
ing to long-term pollution and resource loss; 
the increasing amount of e-waste (e.g., ob-
solete processors) increases the risk of toxic 
substances—such as lead, mercury, and 
cadmium—being released into the environ-
ment and polluting key resources such as soil 
and water.35

4.2 RISKS

The integration of Artificial Intelligence into various sectors of our economy brings with it a complex matrix 
of sustainability risks and ethical challenges that extend far beyond technical errors. These challenges are 
systemic, impacting the physical environment and the integrity of global data landscapes.

The physical reality of AI is deeply resource intensive. 
	● Computation comes with an ecological and 
climate footprint generated by its underpin-
ning infrastructure. The more AI proliferates as 
a consumer product through digital services 
such as chatbots and synthetic content gener-
ation (e.g., videos and text) the more this foot-
print will increase.34 
	● The entire AI value chain—from the mining of 
critical minerals for semiconductors to the op-
eration of massive data centers—puts intense 
pressure on natural resources.     

	◦The escalating demand for hardware neces-
sitates the expansion of mining operations, 
which frequently leads to habitat fragmenta-
tion and ecosystem degradation. 
	◦Both data centers’ equipment and offsite 

	● The acceleration of biotechnology through AI 
allows for the design of new lifeforms or pro-
teins, introducing unprecedented biosafety 
risks. These risks are potentially irreversible, 
with wide-ranging impacts on ecosystems and 
species.36

	● AI can be leveraged by malignant actors, such 
as poachers, to optimize illegal activities, while 
simultaneously increasing the risk of large-scale 
data breaches.37

Risk 1 -  Intense pressure on natural resources

Risk 2 - Biosafety Risks

Risk 3 - Malicious Use of AI
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lenging to scrutinize an AI-generated decision 
on, for example, natural resource management, 
when the decisions may draw on vast, propri-
etary digital sequence data with unclear eco-
logical implications.42

tion. At the same time, AI tools can fabricate 
authoritative-sounding articles, deepfake vid-
eos, and targeted messages that misrepresent 
climate science and policy. Personalization and 
real-time interaction on digital platforms enable 
AI to amplify persuasive narratives tailored to 
specific audiences, increasing its likelihood of 
influencing opinions and behavior.
	● Rapid proliferation of misleading content can 
erode public trust in scientific evidence, weaken 
understanding of environmental risks, and delay 
or misdirect sustainability transitions.

user lacks an understanding of the system’s 
specific utility and limitations, leading to a po-
tential misuse of the AI-generated insights.39

	● A primary concern is also the phenomenon of 
“hallucinations,” where generative models pro-
duce factually incorrect or misleading informa-
tion, often presented as coherent text.
	● AI also risks reinforcing existing social and geo-
graphic disparities. In the field of conservation, 
for instance, a lack of data regarding specific 
species or regions can lead AI-driven recom-
mendations to neglect or underrepresent critical 
ecosystems. This inequity is further compound-
ed by “AI colonialism,” a dynamic where data is 
extracted from the Global South to train mod-
els for the Global North.40  This is the case when 
Indigenous Peoples and Local Communities 
(IPLC) contribute data but lose control over how 
the data is used and who profits from it. Collect-
ing environmental and community data through 
AI systems without ensuring consent from IPLCs 
raises questions about data sovereignty and 
governance as well as about exploitation or mis-
representation of IPLC knowledge systems.

	● Since the utility of AI is fundamentally limited 
by the quality of its inputs, when training data is 
poor, limited, biased, or misattributed, the result-
ing outputs can be actively harmful. 
	● Additional vulnerabilities include “transfer con-
text bias” and “interpretation bias”.

	◦Transfer context bias occurs when an AI 
system, originally optimized and trained for 
a specific ecological, climatic, or social-eco-
logical environment, is applied to a different 
or unintended context, without appropriate 
recalibration. The mismatch between train-
ing environments and real-world applica-
tions not only undermines the efficacy of 
AI-driven interventions but can also lead to 
unintended consequences for local ecosys-
tems and the communities that depend on 
them. Similarly, errors arise when a system 
is trained on historical data that are no lon-
ger valid. Even if AI is applied to the correct 
environment, shifts in that environment that 
are not reflected in the model may render 
generated insights obsolete. 
	◦ Interpretation bias is when an AI model per-
forms as it is intended by its designer, but the 

	● Central to the difficulty of regulating these tech-
nologies is the lack of transparency. The algo-
rithmic “black box” makes it nearly impossible 
for external observers to audit how AI reach-
es its conclusions.41  This opacity complicates 
oversight and accountability because it is chal-

Misinformation can be defined as information 
whose inaccuracy is unintentional. Disinformation 
on the other hand, refers to information that is delib-
erately false or misleading.43  The climate, biodiver-
sity, and pollution crises require collective action, 
which could be undermined by widespread mistrust 
in science resulting from incorrect climate and en-
vironmental information amplified through digital 
media.44  In particular:

	● Generative AI systems can produce highly re-
alistic text, images, video, and audio with min-
imal human intervention, increasing the scale, 
sophistication, and accessibility of misinforma-

Risk 5 -  Lack of transparency caused by algorithmic “black box”

Risk 6 - Misinformation and disinformation undermining climate and environmental action

Risk 4 - Data inequality, inaccuracy, and exploitation
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There is no AI without energy. At the same time, AI has the potential to transform the sector’s future.45  In the 
context of the global energy transition, AI is a critical enabler for bolstering grid stability, optimizing energy 
consumption and industrial processes, and facilitating the large-scale electrification of transport and heat-
ing. This section examines the synergies between AI and the energy transition to determine how and under 
which conditions AI can be strategically leveraged to accelerate the shift toward cleaner energy systems.

5. Energy System
s
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5.1 OPPORTUNITIES

The opportunities posed by AI deployment in the energy systems transition can be grouped into four cate-
gories, namely energy systems efficiency, optimization of renewable integration and circularity, acceleration 
of knowledge production, and modernization of demand-side markets.

AI can make energy systems more efficient by opti-
mizing resource use, while reducing emissions and 
energy waste throughout the energy value chain. AI 
may optimize system operations, maintenance, 
and planning to increase electricity transmis-
sion capacity without building new lines.

	● AI may help enhance centralized power gener-
ation primarily through predictive maintenance 
systems that monitor infrastructure to detect 
mechanical wear before it leads to system out-
ages. Simultaneously, optimization software 
recalibrates combustion processes to reduce 
both fuel intake and environmental impact. The 
integration of these predictive and analytical 
tools lowers operational costs and reduces 
emissions.46

	● On the transmission side, AI can be employed 
to bolster energy resilience thanks to improved 
forecasts for loads, power demand, and supply. 
Forecasts enable transmission system opera-
tors to anticipate spikes in electricity demand or 

drops in renewable output.47

	● In distribution operations, real-time analytics 
from smart meters allow automated monitoring 
and tracking of loads, with subsequent oppor-
tunities to optimize resource distribution such as 
shifting between on and off-peak hours. Such 
adaptability preserves grid stability and limits 
peak-load stress.48

	● At the retail level, AI has the potential to redefine 
how end-users engage with electricity services. 
For example, for individual consumers, AI mod-
els can evaluate historical usage data and pro-
vide personalized recommendations on how to 
reduce energy demand.49

	● For companies, AI can support planning future 
infrastructure investments based on forecasts 
trends about long-term needs as well as opti-
mizing the design plans for new facilities to im-
prove energy efficiency and reduce overall ener-
gy consumption.50

Opportunity 1 - Energy systems efficiency in generation, transmission, and distribution
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AI can support the integration of renewable resourc-
es into existing energy systems through its capabil-
ities in data analytics, optimization, and forecasting. 

	● AI can forecast renewable energy generation 
from variable sources improving grid stability 
and reducing reliance on fossil fuels.51

	● AI helps optimize the design and siting of new 
wind and solar installations and energy storage 
facilities, enabling systems to accommodate 
renewables more effectively. It also enhances 
overall efficiency allowing for real-time adapta-
tion to fluctuations in wind or solar output.52

	● AI supports the fine-tuning of both supply and 
demand, optimizing the operation of smart grids 
and balancing supply and demand in real time. 

EV batteries, for example, can circulate power 
back to the grid when needed, functioning as an 
additional power source, while new smart me-
ters can be set to allow the indoor temperature 
to drop or rise when demand on the grid is peak-
ing. While these technologies do not need AI to 
function, AI enables these applications to be op-
timized for the grid and enhance grid flexibility. 
This is particularly important in the context of 
energy hungry data centers whose AI-enabled, 
fine-tuned demand flexibility can be a strategic 
asset for the grid.53

	● AI can help optimize power flow problems, 
especially when there are multiple sources of 
energy.54

Opportunity 2 - Optimization of renewable integration and grid modernization 

AI can support data collection, analysis, and inno-
vation that promotes the energy transition.

	● AI can assist with data collection and help fill 
in incomplete datasets, thereby improving the 
quality of information. It also reduces time and 
resources necessary for the processing and 
analysis of larger quantities of data—e.g., data-
sets used in research.55

	● AI-enhanced processes can support innovation 
toward the development of new technologies, 
such as advanced battery chemistries, catalysts, 
and CO2 capture materials.56  For instance, in 

the field of material science, AI shortens the time 
necessary to develop new materials essential 
for the energy transition, such as metal-organ-
ic frameworks (MOFs) and aerogels for thermal 
insulation.57 On the one hand, AI enables high-
speed, atomic-scale simulations that provide a 
deeper understanding of how material structure 
and chemical reactivity impact performance; 
on the other hand, it synthesizes vast bodies of 
scientific literature to generate hypotheses that 
guide the trajectory of human-led research.

Opportunity 3 - Acceleration of knowledge production

AI improves consumer choice and increases oppor-
tunities for sustainable habits.

	● AI can provide personalized, data-driven recom-
mendations to consumers that informs their en-
ergy consumption habits.

Opportunity 4 - Modernization of the demand-side market

	● AI can create demand-side incentives for more 
sustainable habits, such as incentivizing off-peak 
consumption and enabling dynamic pricing.



30

5.2 RISKS

The integration of AI into energy systems introduces risks that could undermine the achievement of the sus-
tainable development goals. These challenges range from the “high-carbon lock-in” of fossil fuel infrastruc-
ture to digital vulnerabilities inherent in large-scale AI deployment.

The rapid expansion of AI introduces significant 
strain on physical and institutional infrastruc-
ture. This risks manifesting through three pri-
mary dimensions:

	● Grid instability and economic pressure: The en-
ergy-intensive nature of AI data centers places 
unprecedented demand on electricity grids. 
When not strategically managed, this surge 
threatens operational reliability and risks driving 
up energy prices for all consumers, potentially 
destabilizing local energy markets.62

	● The digital and skills gap: Adoption of AI is often 
hindered by a lack of fundamental digital infra-
structure and literacy. For example, AI-powered 
pricing models can benefit households with flex-

ible consumption patterns, but lower-income 
communities may lack the digital access, stable 
electricity, or even network infrastructure need-
ed to participate, transforming this digital divide 
into an energy divide.63

The biggest challenges are in developing coun-
tries—particularly those classified as “Least De-
veloped Countries and Small Islands Developing 
State”—and in remote and rural areas. These 
countries face digital infrastructure limitations, 
including unreliable internet connectivity, insuffi-
cient computing power, and a lack of skilled pro-
fessionals to develop and deploy AI systems in 
the energy sector.64

AI-driven efficiencies risk entrenching fossil fuel 
reliance.

	● AI has been and can be used to enhance fossil 
fuel exploration and extraction. By leveraging log 
and seismic data, AI models accurately predict 
critical reservoir properties like permeability and 
porosity, enabling more precise hydrocarbon 
recovery management. Furthermore, these sys-
tems utilize vast datasets from simulations and 
field logs to forecast technical complications 
and emergencies before they occur.58 Collec-
tively, these advancements bolster industry effi-
ciency, which risks prolonging the profitability of 
carbon-intensive industries and creates a direct 
conflict with international decarbonization and 
renewable energy mandates. 
	● Much like the use of AI for more efficient explo-
ration and extraction, the oil and gas industry 

has also been able to leverage AI for automating 
production and streamlining complex industrial 
processes. This has lowered operational costs, 
which makes plants profitable for a longer peri-
od of time.59

	● does not necessarily result in decreased ener-
gy use. Per the Jevons Paradox, efficiency may 
instead offset expected reductions in energy 
consumption—a dynamic that is particularly 
problematic when the additional energy demand 
remains largely fossil-fuel based.60

	● AI is itself electricity-intensive: the rapid scaling 
of data centers is driving immediate increases 
in power demand, which in many systems are 
being met by fossil fuel-based peaking and 
backup generation to preserve grid reliability.61

Risk 1 - Fossil fuel entrenchment and transition delay

Risk 2 - Strain on physical and digital infrastructure

5. Energy System
s
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	● As energy systems become increasingly digi-
tized, their vulnerability to cyberattacks and data 
breaches grows exponentially.66  Reliance on 

interconnected digital networks provides new 
entry points for attackers, who could inject false 
signals or steal sensitive data.

Risk 3 - Vulnerability to cybersecurity risks in digitized energy systems

AI systems depend on extensive, high-quality data, 
from historical demand patterns to real-time grid 
information. If this data is compromised or manip-
ulated, AI outputs can become unreliable, eroding 
efficiency gains and potentially disrupting critical 
energy infrastructure. In particular:

	● Data scarcity and poor data quality represent 
the primary barriers to AI adoption in the ener-
gy sector, as they hinder the development of AI 

models capable of delivering meaningful oper-
ational insights.67 Furthermore, biased datasets 
may marginalize vulnerable communities already 
grappling with energy poverty.
	● As AI-driven decisions—such as dynamic utility 
pricing or infrastructure investments— become 
more complex, they often become less interpre-
table. This lack of transparency risks eroding 
public confidence.68

Risk 4 - Data limitations and lack of transparency

	● Global structural dependencies: The mineral re-
quirements of AI infrastructure risk perpetuating 
colonial dependencies by centralizing AI innova-
tion and data-use capacities in the Global North, 
while Global South economies primarily supply 
raw resources. This structural imbalance is fur-
ther reinforced by energy and digital inequalities: 
high-capacity data centers and AI computation 

are concentrated where reliable electricity and 
advanced digital infrastructure exist, typically 
in the Global North. Consequently, the ability 
to generate, process, and benefit from AI-driv-
en insights remains unequal, entangling energy 
access, digital capacity, and resource extraction 
within a broader colonial pattern of global power 
and value concentration.65
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5.3 EXPERT INSIGHTS

Excerpts from an interview with Dr. Aidan O’Sullivan 

2.	 Where has AI’s impact been overstated?

LLMs. The data for LLMs is all-natural language, 
and the problems in the energy system are very 
rarely natural language-based problems. They’re 
usually sensors, generation, machinery, and indus-
trial signals. LLMs can provide an interface, but they 
still require a lot of reworking and repurposing to 
make them work in energy.  

We pay for reliability in the energy sector — we don’t 
necessarily want speed in our responses, but we 
want to know we’re getting things 100% right, and 
that we can explain those decisions as well. These 
are aspects of the energy sector as critical infra-
structure that are at odds with the LLMs, as they are 
designed now, which is to be used by consumers in 
daily life. 

3.	 Data centers are resource intensive and 
could potentially create situations where you 
need more power, potentially spurring a re-
turn to fossil fuels because renewables are 
not enough and not efficient enough. What 
would be a risk mitigation way (e.g., policy, 
design elements, etc.)?

I’m conflicted on this one because there are defi-
nitely some positives and interesting angles. As part 
of the energy transition we’re trying to encourage 
investment into the power sector, which has had 
declining demand in the UK for the last decade or 
so: it goes down by about 1-2% per year. Getting in-
vestment into a sector that’s declining is tricky, but 
getting it into a sector that’s growing is easier, and 
that’s what we’re seeing with the data center boom. 

The demand for data centers has encouraged 
greater investment into the power sector from peo-

1.	 Could you break down in really simple lan-
guage the specific ways in which AI and in-
frastructure can be used for energy systems 
for the better?

At the end of the day, it all comes down to efficiency 
and the interface between software and hardware 
(i.e. infrastructure). You can’t make more hardware 
using the software at present, but you can operate 
it better and that’s what we use AI to do: to try and 
optimize and efficiently utilize the infrastructure that 
we do have and get more out of it.  

In the UK, for example, we have an issue with the 
curtailment of wind farms, where they are turned 
off when they could generate power. It’s essentially 
because the grid can’t handle it, but you could use 
AI to optimize the grid so that other generation was 
turned down to make space for this renewable cur-
tailment — then you could be getting an extra 10% 
of wind generation onto the system, which is as if 
you had an extra 10% of wind fleets built out with-
out needing to build it. Essentially, it comes down to 
operational efficiency.

Current AI is suited to closed systems: It needs well 
defined boundaries and well described systems 
to operate in. A power grid is an ideal example of 
this, because the components of the system don’t 
change from one day to the next and are well de-
scribed. You have quite a consistent, well-defined 
operation and what you’re trying to do is avoid e.g., 
blackouts and operate the infrastructure as effi-
ciently as possible. Because it has a centralized 
control room, you have one point where all informa-
tion feeds into. This is ideal for AI: you don’t have 
lots of different distributed components, but you do 
have one central source of information, and all the 
boundaries well-defined.  
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hard to displace in that regard. 

You also have the chemical emissions from the 
chemical process: 50% of the CO2 comes from 
driving CO2 out of limestone to turn it into cement, 
which you do by heating it up. 50% comes from 
the heat energy, and 50% comes from the chemi-
cal energy. 

We’ve been making cement since the Romans, but 
over time we’ve changed the mixture to lower the 
melting temperature. Now you need 1300 degrees. 
In the past, you probably needed 1600 degrees. 
However, because you can add e.g. magnesium, 
it lowers the heat of reaction, which is important. 
Innovating in that matter requires a highly complex 
simulation of chemical reactions, which is challeng-
ing and AI could do something there which could be 
quite impactful. 

5.	 What do you think are the most crucial 
elements, policy or governance wise, to 
minimize the societal and environmental im-
pacts? Or maximize the benefits of AI?

In terms of minimizing the impact, policies need to 
be based on the understanding that data centers 
are flexible, but that they also contribute to the build 
out of transmission and renewable generation to 
make them net positive. If they are just plugging into 
a grid without adapting to the situation, then they 
are net negative. 

In terms of enhancing their benefit for the ener-
gy transition, I think a greater awareness of the 
problems in the energy sector from the people 
building data centers is extremely crucial. We’re 
still quite early in the journey; for a technology 
in the energy system, AI is incredibly young and 
to adopt something that’s two or three years old 
is quite unusual. I think this will require actively 
working to minimize the weaknesses that are rele-
vant for energy systems, such as reliability. There 
are ways of doing that, but it requires significant 
domain expertise to validate an energy systems 
model, which may be very difficult for a big tech 
company to do alone — they have to collaborate 
with energy domain experts.

ple who have a lot of money, like tech companies. 
On the other hand, they do absorb a lot of the prog-
ress that we’ve made in decarbonizing the power 
sector by absorbing that demand. 

The way things are happening in the UK is that data 
centers that can be flexible are being prioritized for 
grid connection. This is one policy thing you can 
do: you can jump people up the queue if they agree 
to limit demand during peak hours, which reduces 
strain. The grid is usually at about 40-50% utiliza-
tion, except for the peak hours, where you could 
push it over the limit by 1% and the whole thing 
goes down. Having that flexibility is critical and 
turns it into a net positive in some sense. 

In Ireland, data centers take up 20% of the grid and 
electricity consumption, so one of the requirements 
is that they build additional renewable capacity if 
they want to come online as part of the grid. You 
can put these kinds of restrictions in place because 
the demand is there. 

Another positive thing that I’m seeing is that coun-
tries like France and Norway, who have very low 
carbon grids, are getting the data center invest-
ment ahead of more carbon intensive grids like 
the UK, which is competing and not doing as well 
because their grid is about 10 times more carbon 
intensive. In some sense, data center investment, 
because of the renewable preferences of some 
tech companies, is favoring grids that have already 
decarbonized. 

In terms of the key kind of things: I think if you can 
get a data center to flex, then it can become more 
positive on the grid than negative overall. However, 
their capacity to flex depends on their actual usage 
and what they’re doing.

4.	 You also work in hard-to-abate sectors. Is 
AI unlocking opportunities in these sectors?

There’s a couple of different things here. The way 
you make cement is by heating rock up to 1500 de-
grees. To do that, you need density of energy, which 
is where fossil fuel is undefeated, unfortunately; and 
you need it to be cheap, and fossil fuels are very 
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6. INDUSTRY AND LABOR
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AI is beginning to transform industry and labor markets at an unprecedented pace. Production processes 
are increasingly optimized in real time, reducing human intervention while enhancing efficiency and preci-
sion. Concurrently, labor organization is reshaped as AI reallocates tasks, creates new roles, and renders 
some skills obsolete.69  Collectively, these shifts constitute a systemic reconfiguration of industrial and work-
force structures.

6. Industry and Labor



36

AI acts as a general‑purpose technology that re-
shapes industrial structures and labor markets 
by accelerating innovation, enabling new sectors, 
and changing the composition of skills demand-
ed across the economy. Its primary impact lies 
not only in improving existing processes but in ex-
panding the frontier of what industries and workers 
can produce.

	● The increase in patent applications suggests 
that AI adoption has already contributed to high-
er levels of innovation. Beyond optimizing exist-
ing processes, AI also has the potential to give 

rise to entirely new sectors and jobs that do not 
yet exist.70

	● Accelerating economic growth through inno-
vation is therefore considered one of the key 
benefits of AI. AI supports innovation that can 
boost economic productivity by enhancing re-
search and development and enabling the gen-
eration of new discoveries.71 Through AI-sup-
ported processes such as digital platforms, 
smart manufacturing, and predictive mainte-
nance, new sectors and business opportunities 
may be unlocked. 

6.1 OPPORTUNITIES
The adoption of AI in industrial systems and in workplaces presents both systemic and specific opportunities.

AI raises productivity primarily by reallocating tasks 
between humans and machines, automating routine 
or data-intensive activities, while allowing workers 
to focus on higher-value tasks such as supervision, 
problem-solving, and coordination.

	● In manufacturing, predictive maintenance sys-
tems reduce unplanned downtime, increasing 
output while shifting labor toward maintenance 
planning and system oversight roles. In logis-
tics and services, AI-supported scheduling and 

workflow optimization improve output without 
proportional increases in labor hours.72

	● AI can also support greener industrial process-
es through energy efficiency, more efficient re-
source use, and integrated circular economy 
approaches.73

	● These developments could also create sub-
stantial employment opportunities, with some 
estimates projecting as many as 170 million 
new jobs.74

Opportunity 2 - Productivity gains through task reallocation and process optimization

Opportunity 1 - Innovation and structural transformation 
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By enabling real‑time monitoring, pattern recog-
nition, and predictive risk detection, AI can im-
prove product quality and workplace safety, si-
multaneously enhancing industrial performance 
and job quality.75

	● For example, AI‑driven tools, such as machine 
learning for disease detection, computer vision 
for hazard monitoring, and sensor‑based sys-
tems for real‑time exposure tracking, can sub-
stantially reduce workplace accidents and occu-

AI improves decision-making by expanding the 
capacity to process complex information, sim-
ulate scenarios, and support evidence-based 
choices, particularly in dynamic and uncertain in-
dustrial environments.

	● The use of digital twins—digital replicas of goods, 
machinery, or even entire factories—allows firms 

AI adoption generates new occupations and trans-
forms existing ones by increasing demand for skills 
related to system design, supervision, data inter-
pretation, and human–machine coordination.

	● Manufacturing firms increasingly employ AI 
technicians, data analysts, and quality‑assur-
ance specialists to manage and interpret AI‑driv-
en systems.79

pational diseases while improving productivity 
and operational efficiency.76

	● AI also holds promise for enhancing creativity. 
In intellectual work, AI can be used to bridge dis-
ciplines. Since AI systems help researchers con-
nect across different fields to answer promising 
questions, AI has the potential to break down 
disciplinary silos even as it narrows focus within 
specific domains (del Rio-Chanona et al., 2025).

to simulate changes and test scenarios without 
the real-world consequences of physical trials.77

	● In human resource management, AI‑support-
ed analytics improve workforce planning and 
scheduling, reshaping managerial roles toward 
interpretation and judgment rather than routine 
administration.78

	● Across sectors, new roles emerge in model gov-
ernance, AI ethics, and algorithm oversight.80

	● AI also holds promise for enhancing creativity. In 
intellectual work, AI can be used to bridge disci-
plines. Since AI systems help researchers con-
nect across different fields to answer promising 
questions, AI has the potential to break down 
disciplinary silos, even as it narrows focus within 
specific domains.81

Opportunity 3 - Quality enhancement and workplace safety improvements

Opportunity 4 - Enhanced decision-making in complex dynamics

Opportunity 5 - Creation of new jobs and occupational transformation
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6.2 RISKS

	● The high level of uncertainty surrounding AI’s im-
pact on the labor market creates a significant risk 
that workforce policies oriented toward specific 
future skills or occupations may be misaligned 

	● AI-driven transformations interact with existing 
forms of digital inequality and structural exclu-
sion. The productivity-enhancing effects of AI 
are not evenly distributed, since high-income 
and high-skilled workers are often better posi-
tioned to use AI as a complement to their work, 
leveraging these tools to amplify output and ef-
ficiency. Furthermore, the integration of AI into 
work systems may reduce human oversight and 
limit access, particularly for informal, precari-
ous, or geographically remote workers. This ero-

sion of oversight risks reinforcing the conditions 
under which exploitative labor arrangements 
can persist.82

	● More broadly, AI adoption may intensify eco-
nomic exclusion, as countries and communi-
ties lacking adequate digital infrastructure and 
skills risk falling behind. Disparities in AI ac-
cess and capabilities can further exacerbate 
income inequality by concentrating benefits 
among those already positioned to participate 
in the digital economy.83

Risk 1 - Uneven productivity gains and widening inequality

	● AI may also contribute to increased market con-
centration and monopolistic dynamics. Critical 
AI inputs and infrastructure—including data, 
proprietary models, and computational resourc-
es—are often controlled by a small number of 

large technology firms. This concentration of 
power and resources limits competition, slows 
the diffusion of AI technologies, and creates de-
pendencies that can constrain innovation and 
overall market dynamism.84

Risk 2 - Increased market concentration and monopolistic dynamics

with actual labor market needs. This could lead 
to ineffective use of resources and leave work-
ers unprepared for the kinds of disruptions that 
ultimately occur (see interview with Ole Teutloff).

Risk 3 - Risk of workforce policy misalignment due to labor market uncertainty

	● AI adoption carries significant risks of labor 
displacement across a wide range of sectors. 
AI-powered automation is expected to dis-
proportionately affect jobs that rely heavily 
on routine or repetitive tasks. While manufac-
turing has long been at the forefront of auto-
mation, with robotics replacing assembly-line 
workers,85 the scope of AI-driven displace-
ment extends well beyond industry to include 
service-oriented sectors such as retail, hos-
pitality, and logistics. At the global level, ap-

proximately 24% of jobs have some degree of 
exposure to generative AI, rising to nearly one 
in three jobs in high-income countries.86

	● The risks of displacement also increasingly af-
fect entry-level professional roles. Positions 
such as paralegals are increasingly being sub-
stituted by AI systems. Generative AI, in particu-
lar, heightens displacement risks for clerical and 
administrative workers. 
	● A notable gender gap persists: in high-income 
economies, 9.6% of female employment exhib-

Risk 4 - Labor displacement and job polarization

As with the opportunities discussed above, the adoption of AI in industrial systems and workplaces entails 
both systemic and specific risks. 
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Next to displacement, the use of AI in the workplace 
can also negatively affect workers’ well-being.

	● When AI systems are deployed to manage labor 
through algorithmic mechanisms that assign 
tasks, monitor behavior, and administer disci-
pline in opaque ways—such as in platform-based 
gig work or logistics—workers often experience 
diminished control, autonomy, and psychologi-
cal safety.89

AI systems have already delivered measurable 
productivity gains, but because executives ex-
pect they will soon. According to a survey of 
more than a thousand global executives con-
ducted in December 2025, 39% reported mak-
ing low-to-moderate headcount reductions in 
anticipation of AI-driven efficiencies, while only 
2% said their cuts were based on realized pro-
ductivity gains from AI systems.88

	● Similar dynamics are emerging in white-collar 
environments, where AI is increasingly embed-
ded through performance dashboards, auto-
mated scheduling tools, and AI-powered hiring 
systems. Workers frequently express resistance 
to being managed by AI, citing perceived status 
loss and an associated “empathy penalty.” 90

Risk 5 - Workplace alienation

AI may also have unintended effects on knowledge 
production and creativity. Although AI can enhance 
individual performance and support the generation 
of creative ideas, it may reduce collective diversi-
ty. As individuals increasingly converge on similar 
AI-assisted outputs, the overall variety of results 

declines. This tendency reflects AI’s comparative 
advantage in accelerating work within established, 
data-rich domains, rather than in exploring new or 
underdeveloped areas, which may lead to fewer 
new subfields over time.91

Risk 6 - Erosion of collective diversity

its high automation potential, compared to 3.5% 
of male employment. While exposure does not 
imply immediate job loss, it indicates that a sub-
stantial share of tasks could be performed by 
AI. The long-term consequences will depend on 
adoption trajectories and on workers’ capacity 
to adapt and reskill.87

	● AI has increasingly become a driver for layoffs. 
Many companies are firing workers not because 

6. Industry and Labor



XXXXXXXXXXXXXXX

40

to labor augmentation or displacement be-
cause of substitution?

That’s the big question that people are debating 
and that nobody really has an answer for because it 
depends so much on the capabilities of AI and how 
they evolve.

What maybe this huge focus on automation miss-
es is that AI is probably also creating lots of new 
tasks and lots of new jobs and they may be dif-
ficult to anticipate at the moment — and there-
fore don’t show up in any of the measures. Most 
current studies use pre-existing classifications of 
tasks and jobs, and there you can measure (or 
you can try to quantify) which of these tasks can 
be automated and which ones are augmented or 
complemented. But it’s difficult to measure what 
kind of jobs or tasks will be there in 5 or 10 years, 
and how many of them will be available, because 
we don’t know. I think this is one big piece that is 
missing from the debate at the moment.

One thing to monitor closely is the speed of change, 
because this determines, in my opinion, a lot about 
how disruptive this technology can be for society. 
If changes play out over longer periods of time, I 
think our societies and economies are quite resil-
ient in adapting to change. But if changes happen 
in the matter of a few years, then things may start to 
be tricky, and we have to think about how to react. 
So the speed of change is, in my opinion, one of 
the key parameters that determines how disruptive 
and perhaps how negative the consequences of the 
change can be.

6.3 EXPERT INSIGHTS

1.	 What distinguishes AI from previous tech-
nologies that impacted the labor market?

There are vastly different opinions and a debate 
between people that think AI is just like any other 
technology and people saying it will fundamentally 
change everything we do. I don’t think that this de-
bate can be settled currently, because it all depends 
on how AI capabilities evolve over the coming years.

At the moment, my impression is that we can al-
ready say AI is different from, for example, the 
computer and first wave of digital technologies, 
to the extent that it really helps do more non-rou-
tine cognitive tasks: tasks like writing text, writing 
computer code, helping people make decisions at 
a much higher cognitive level and across almost 
any field. I think for me, this is the new quality: 
that it is a general purpose tool for cognitive work. 
You can actually outsource certain tasks almost 
entirely to a machine and these tasks are not only 
calculating a formula or typesetting some texts — 
it’s way more complex. 

I think (1) the type of tasks that you can use AI for 
e.g. cognitive work, and in particular, non routine 
cognitive tasks that used to be very much only re-
served for humans, and (2) the breadth of the avail-
able tasks you can use it for. I think of these as the 
key qualities. Then it’s just to be seen how these 
capabilities evolve. I don’t think we can make any 
good predictions at the moment.

2.	 Augmentation v Substitution. Could we 
know already whether AI adoption in a spe-
cific role or in a specific industry will lead 

Excerpts from an interview with Dr. Ole Teutloff
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One perspective that I personally like a lot is that we, 
as humans developing this technology, also have 
some agency in deciding what we want to focus on 
building. We can focus on building AI that is an au-
tomation tool, but we can also build AI that is more 
a collaboration tool. The narrative seems to favor 
automation but I think at the current stage of AI ca-
pabilities, augmenting human workers is probably 
much more promising because the AI doesn’t need 
to be perfect to create a lot of value. This speaks 
to the question of what do these tools ultimate-
ly achieve? Do they help us to do the same things 
faster and cheaper or do they help us to do more? 

3.	 What could you say about the character-
istics of jobs that can be replaced by AI, and 
what are the characteristics of work that 
might remain at low exposure?

As of now, the types of tasks that can be automated 
are cognitive work of simple to medium complexity. 
E.g. simple writing, simple translation, simple pro-
gramming. This is work that has limited ambiguity 
and limited scope in length and complexity. I also 
think current models are extremely good at anything 
related to processing large amounts of text data, re-
trieving information, and summarizing information. 

What really remains the competitive advantage of 
humans for the moment is anything that requires 
higher order cognitive skills e.g. strategic thinking, 
longer term analytical thinking, judgment making, 
decisions under uncertainty, and making decisions 
that follow a longer vision. 

One good example is a study where people from 

Harvard gave micro-entrepreneurs in Kenya chat 
bots and observed how they behaved. I would say 
entrepreneurship is a prime example of a challeng-
ing task because you are operating under high 
uncertainty, but you still have to make day-to-day 
decisions about how to spend your limited resourc-
es. What the researchers could show is that people 
who had lower abilities to begin with actually per-
formed much worse with AI than without AI. In con-
trast, the people who had maybe more experience 
or better judgment in deciding which AI advice was 
good or bad did much better.

[The study refers to is The Uneven Impact of Gen-
erative AI on Entrepreneurial Performance” and the 
research is based on an experiment with 640 Ken-
yan entrepreneurs who used a GPT-4-powered AI 
business mentor via WhatsApp].

I think what we could potentially see is an increase 
in performance inequality between people because 
you can get a lot from AI, but it very much depends 
on the skills that you bring to AI. I think we might see 
a difference between people who are really good at 
using these tools, and people who just don’t use 
them much because all these higher order cognitive 
skills are necessary compliments to make the most 
out of AI. I think any job that has a large component 
of these kinds of skills to succeed will probably not 
be automated anytime soon. 

4.	 What could you say about the character-
istics of jobs that can be replaced by AI, and 
what are the characteristics of work that 
might remain at low exposure?
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A simple and straightforward recommendation is 
to increase our ability of foresight by building bet-
ter data analysis and monitoring infrastructure, be-
cause at the moment, there’s a lot of uncertainty 
— we don’t really know what is happening right 
now and much less what will happen in the next few 
years. This is partly because researchers like myself 
don’t really have good, up-to-date data of what’s 
happening in the labor market. This is a bottleneck 
that is not easy to solve, but at least the problem is 
clear. This would allow us to monitor the speed of 
change more closely and have a feeling of urgency, 
of “how urgent do we need to be in our response”? 
Because, on a bigger level, I think the policy re-
sponse really depends on the speed of change. 

We should also not forget other big trends in so-
ciety that might be overlapping. For example, de-
mographic change, lots of people retiring, people 
getting older — this also changes what’s happen-
ing in the labor market. How many new jobs we 
need depends on how many young people want 
or need a job. Maybe we’ll be happy that AI auto-
mated lots of jobs because we don’t have people 
to do them anyways. So I think there we have a 
lot of uncertainty and should not look at AI as an 
isolated phenomena, but as embedded in other 
mega-trends we see happening.

I personally think reskilling as a policy is overrated. 
You often see it as “the thing” governments should 
do to help people, but I don’t think there’s a lot of 
empirical evidence that reskilling can be an effective 
tool to overcome disruptive change from technolo-
gy. Given how uncertain the situation is right now I 
wouldn’t even be able to tell people what to reskill 
into. Over the past decade or so, we’ve been telling 
people “Learn how to program, this will give you a 

great career”. I’m not sure this is true anymore and 
given that we have such limited foresight, we don’t 
really know what people should learn. I think re-
skilling is certainly helpful, but if AI becomes super 
good and starts to replace 10, 20, or 30% of all jobs 
out there, it likely isn’t the silver bullet — we’ll need 
other options. 

I think what governments should focus on instead 
is to strengthen the labor market institutions and 
educational institutions capabilities to self adapt to 
change. This includes reforms to build a good edu-
cation system, to build a labor market that is flexible 
enough to accommodate change, but has enough 
safety nets to protect people who might suffer from 
it. I think all of these things that were known before 
— how to build better institutions in society — are 
more important than ever because the better these 
general institutions work, the better we will be able 
to make decisions once we have to make them fast. 

I think this would be my recommendation: don’t 
worry about what kind of reskilling strategy to build 
now. Instead go back to fundamentals and say, “as 
long as we still are in this phase of relative stability, 
what kind of policy changes can we make to im-
prove the general resilience of our society and eco-
nomic system”? Then, no matter what happens, we 
are in a better position to deal with it. 

I know this is not a very concrete policy recommen-
dation, but I think it’s more realistic and would help 
us not only deal with AI as a big challenge, but also 
with other challenges like climate change, migra-
tion, demographic change. All of these big ques-
tions somehow overlap. You can’t separate them 
very clearly.
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The question of whether or not the number of 
jobs  increase  or  decrease  depends a bit on pric-
es and elasticity of demand. Which is to say if you 
make something cheaper, will the demand increase, 
or will it stay stable?  
 
Given the example of translation work, for some 
translation services, we see a decline, but overall, 
the total volume of translation services actually in-
creased. You can see this for yourself. I’m often in 
China and I would be totally lost without translation 
services. These are services that I would not be 
able to pay somebody for, so clearly I don’t replace 
anybody by using these AI tools.  
 
The big challenge for young people who just 
came out of university is that your education 
system has not integrated these tools into your 
curriculum.  You’re  left with these tools by  your-
self,  you’re  not being trained in how to use them 
properly and so employers will have the challenge 
of  identifying  the extent to which  you’re  ready for 
the type of job changes that they will see. And one 
of the big changes of  jobs that we already see is 
that you will move from production to verifica-
tion.  So, you will no longer be the person who is 
producing text — or at least producing at a much 
lower volume — but you will be the person who will 
have to verify that the information provided is cor-
rect: Does it actually answer the question that you 
have? So the critical thinking part will become even 
more important. 

3.	 How would you differentiate the impact that 
the different kinds of AI  is having on the dif-
ferent types of industry or occupations? 

1.	 How do you characterize the challenge of 
AI for labor and workforce?  

For the moment, the big challenges in how AI is im-
pacting  the world of work are not so much in the 
workplace itself.  
 
They are challenges, especially if you think about gig 
workers, but there are not massive layoffs. There is 
also talk about young people and young graduates 
having difficulties entering the labor market. That 
might be the case in specific occupations, espe-
cially software engineering, etc, but we don’t see a 
generalized trend of decline in recruitment for young 
people and the youth unemployment rate. We pub-
lished an institutional report a few weeks ago on the 
global state of the labor market – the World Employ-
ment Social Outlook Trends  report. You can see 
from that report that there’s no massive increase in 
youth unemployment rates. It’s in line with the cool-
ing of the economy more broadly, but it’s certainly 
not a specific AI impact. I always say this as a back-
drop, because it seems there are these outrageous 
expectations, both positive and negative, in terms 
of what AI is doing to the labor market.  
 
Having said that, as the saying goes, we overesti-
mate the impact of technology in the short run, and 
we underestimate in  the long run. By 2040 things 
might look completely different and if we were to 
talk again at that time, we would probably see mas-
sive changes.   
 

2.	 Research shows that AI is increasingly re-
placing entry level jobs. What does this mean 
for the long term impact on how people’s ca-
reers develop and on skills formation?

Excerpts from an Interview with Dr. Ekkehard Ernst
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The applications are very sector specific from what 
we can see.  
 
What people would probably describe as good old 
fashioned AI is something you see a lot in manu-
facturing. A lot of the companies that we talked to 
have bespoke AI tools that they develop for their 
own supply chain e.g., inventory management 
tools, etc. These are things that are already main-
stream and typically if you compare these types of 
tools with, let’s say, the previous wave of robotiza-
tion, these are not necessarily replacing jobs in the 
country.  E.g.  Japan is one of the most robotized 
countries but actually has one of the lowest unem-
ployment rates in the world. People are not getting 
laid off because of robots so I don’t think this is re-
ally an issue that we should be afraid of. 
 
On the contrary, those countries who lag behind in 
terms of adoption of these tools might  actually 
see that their companies lose competitiveness and 
will no longer be able to compete on the interna-
tional market.  
 
Now the other type of approach is for instance, in 
creative industries, where these tools are being 
used as a way of generating new ideas. There’s in-
deed a concern with IP theft, which I recognize the 
importance of.  
 
My concern  would more  be that these tools are 
“seemingly creative”, meaning they provide a sense 
that they generate  new ideas, but at the end of 
the day, it always turns around the same four or 
five issues. I was making this joke once: if you had 
stopped training Gen AI with the paintings before 
American expressionism, would it have made Jack-

son Pollock or Mark Rothko? My suspicion would be 
no, and I don’t have any way to prove it, but it would 
be interesting to see. I call it the convex hull: the da-
tabase on which these tools are trained provide you 
with a potential space of combinations. Within that 
space, the tools are great and maybe generate new 
ideas. But to get out of that space — to enlarge the 
space of ideas — for the moment, I don’t see how 
this can be done without human intervention.  
 
Another aspect I find extremely concerning is the 
fact that these tools, if they interact with each other, 
can create forces to circumvent market competition.  
 
One of the examples I’ve heard from speaking with 
companies is that they used to do inventory man-
agement on the basis of historical prices, where 
you have e.g. 20,000 items in your inventory, and 
most of the items were priced at historical cost, plus 
markups, and that’s it. They never went back to up-
date it, because it’s just too many items. 
  
Now we see AI can do dynamic pricing. It actual-
ly assesses the price depending  on  e.g. season-
al patterns. For example, if you have a winter tire 
and  it’s  winter, you increase the price, etc. What 
they do is they actually buy in data streams of pric-
es from other companies.  This type of interaction 
creates a collusion effect, where nobody actual-
ly talks to each other. It’s just the fact that AI puts 
prices from each other and will automatically create 
a sort of collusive oligopoly, where the companies 
will automatically adjust the prices at higher than 
the market clearing level. These phenomena, for the 
moment, are probably still very rare. The OECD has 
some work on this algorithmic collusion but it’s re-
ally hard for authorities to detect them. If you start 
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to integrate these types of tools at the HR level 
to  do  e.g.  compensation management, that is an 
obvious concern — especially in terms of monopoly 
power on the labor market.  
 
This is a big red flag for me and unfortunately, our 
current discussions on regulation is not yet taking 
this kind of phenomenon into account, which I per-
sonally find much more important than many other 
issues in this area. 

4.	 How do you see future governments and 
international government organizations pri-
orities?  What kind of policies do you think 
are really important at this stage, but also, in 
the longer term, thinking about potential AI 
development? 

In Europe, we have a bit of experience in terms of 
supporting  this type of transition through a social 
protection system. For whatever income short-
falls you have, you provide some compensatory 
measures. In the 1980s, the whole steel industry 
went bust and a lot of people needed to be reori-
ented, so social protection was a key pillar. 
 
Talking mostly from the perspective of the  ILO, 
because  that’s  closer to where  I’m  sitting, there’s 
reskilling, upskilling, skills identification, and sce-
nario development to analyze long term trends. 
I think that these types of tools can be  very use-
ful and should be rolled out more.   But I think for 
the moment, especially when it comes to really long 
term  trends, the granularity in the data and thus 
projections is missing.  
 
One last approach where we have already seen 

some impacts, mostly for developing or emerg-
ing economies, is using AI  for  a predictive polic-
ing approach for informal economies. Especially in 
countries with large shares of informal enterprises, 
national labor inspectorates are often completely 
overwhelmed with supervising and ensuring these 
businesses are complying with regulations. Albania, 
for instance, has implemented the mechanisms by 
which they use AI to identify which companies are 
most at risk. You can obviously apply this at the in-
dividual level i.e. the employees or the people who 
are most at risk of being underserved or facing dis-
crimination, for example, you can think of women 
rights in the labor market, etc. 
 
These are examples where you can use these tools 
to help spread the limited resources that many 
countries have to improve and enhance state ca-
pacity and to focus on areas of importance. 
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7. FINANCE
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The integration of the rapidly evolving capabilities of AI is transforming the financial system. AI technologies 
are increasingly embedded in core financial activities, including risk assessment, trading, credit allocation, 
and portfolio management. These capabilities promise gains in efficiency, predictive accuracy, and data 
processing at unprecedented scale. At the same time, their growing deployment introduces new operation-
al, systemic, and governance risks. This section examines both the opportunities and the potential vulnera-
bilities associated with expanded AI use in finance.

7. Finance
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7.1 OPPORTUNITIES

Existing research identifies several opportunities for AI in finance. In this section, we acknowledge the op-
portunities identified by this body of work, however many of them primarily enhance the efficiency and 
informational capacity of financial markets rather than fundamentally increasing the allocation of capital for 
projects and initiatives that support the sustainability transitions.

AI is fundamentally reshaping the efficiency of tra-
ditional financial functions by automating tasks 
with a speed and strategic depth that frequently 
exceeds human capability. AI models can enhance 
portfolio optimization, align investments with re-
al-time risk profiles and specific investor objec-
tives, and dynamically adjust holdings in response 
to shifting market conditions or evolving investor 
preferences.92

	● AI is fundamentally reshaping the efficiency 
of AI also enhances information processing 
and data analysis by synthesizing diverse data 
streams—from social media to real-time news—
to deliver comprehensive quantitative and qual-
itative insights.93

Through similar methods, AI simplifies cli-
mate risk assessments through the analysis 

of weather and geolocation data, and creates 
better forecasting, empowering companies 
and investors to transition from reactive to 
proactive strategies.94

	● Furthermore, AI can make reporting more 
efficient, as it automates compliance and 
streamlines the assessment of environmen-
tal, social, and governance (ESG) and sus-
tainability metrics.95

However, optimized portfolio allocation and 
improved data collection, analysis and report-
ing do not automatically ensure that finance is 
allocated to support development objectives, 
climate and environmental goals, and equity 
priorities.

Opportunity 1 - Portfolio optimization and improved data collection

7. Finance
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Arguments that AI can accelerate climate and devel-
opment finance often frame the biggest barrier as 
informational fragmentation.99 From this perspec-
tive, AI can be a useful tool for accelerating capital 
flows for development and climate goals in emerg-
ing markets and developing economies (EMDEs) in 
two ways:

	● The use of alternative and expansive datasets 
generates non-intuitive ‘alpha’ opportunities100 

for investors. It may also expand financial inclu-
sion through more robust creditworthiness pre-
dictions for individuals or countries traditionally 
overlooked by conventional banking and invest-
ing because of their perceived risk.101

	● The newly generated data can be integrated into 

the business operations and risk assessments 
of financial institutions, such as the World Bank, 
and improve the velocity of their interventions.102

While improved data integration can acceler-
ate decisions, enhance disaster responsive-
ness, and reduce transaction costs, its effect 
on financing gaps depends on whether infor-
mation frictions are binding. Data limitations 
often contribute to higher capital costs by el-
evating uncertainty and risk premia. Howev-
er, where financing constraints reflect deep-
er structural conditions, AI-enabled data im-
provements are unlikely to substantially alter 
investment outcomes.

Opportunity 3 - Improved data availability for EMDEs

	● AI can significantly enhance the matching of in-
vestors with portfolios aligned to their financial 
objectives and values. AI enables more precise 
investor profiling, improving understanding of 
individual risk tolerance, preferences, and con-
straints. AI systems can simulate the perfor-
mance of different asset allocations, support 
long-term portfolio planning, and identify the 
metrics that matter most to investors. AI can 
also assess corporate performance across di-

mensions such as ESG criteria, compare firms 
with relevant indicators, and surface best prac-
tices, thereby supporting more informed and 
values-aligned investment decision-making.98

More accurate matching between investor pref-
erences and financial products does not, how-
ever, automatically entail an increase in the 
overall capital directed toward the sustainabil-
ity transitions.

Opportunity 2 - More accurate matching between investors preference and financial 
products

7. Finance



50

7.2 RISKS

	● The complexity and rapid pace of AI develop-
ment make it difficult to design and implement 
robust regulatory frameworks. In the absence 
of clear regulatory guidance for financial institu-

	● AI’s relative novelty and market concentration 
has been found to undermine financial stability. 
The implications of AI-driven disruption in the 
real economy for financial stability will depend 
heavily on the speed and scale of AI adoption. 
In scenarios where highly capable AI systems 
rapidly automate human tasks, AI may generate 
significant economic shocks, including abrupt 
shifts in income and wealth distribution, in-
creased corporate and household defaults, ris-
ing interest rates, declining public revenues, and 
heightened political instability, all of which would 
pose serious risks to financial stability.104

	● The IMF identifies increased market concentra-
tion as a key financial stability risk associated 
with the widespread adoption of AI in capital 
markets.105  These risks were seen as particular-
ly relevant if trading and investment strategies 
increasingly rely on similar AI models—espe-
cially open-source models trained on the same 
data from a limited number of vendors. High 
concentration among AI models and data pro-
viders is also viewed as a potential source of 
systemic risk, as failures affecting a small num-
ber of vendors can disrupt trading and invest-
ment activity at scale. 
	● The capital-intensive financial model driving AI 
expansion may create vulnerabilities for financial 
stability and challenge the long-term economic 

tions deploying AI, there is a risk of the unregu-
lated and insufficiently supervised use of these 
technologies.103

viability of data center infrastructure. Data cen-
ter developers face multiple interrelated financial 
risks stemming from the evolving dynamics of 
the AI market. Cash flow uncertainty arises as 
the competitive market for AI services, particu-
larly inference workloads, limits providers’ ability 
to recover rising operational costs, leaving insuf-
ficient funds to cover liabilities. Compounding 
this, the declining value of GPUs, the keystone 
asset underpinning AI infrastructure, introduces 
volatility: frequent chip upgrades and aggres-
sive market pricing suppress the collateral value 
these assets can generate. Financial pressures 
are further amplified by tenant churn risk, as 
hyperscaler tenants undertake costly, repeated 
capital expenditure cycles within a single lease 
term, creating mismatches that strain develop-
ers’ creditworthiness.106

	● This is exacerbated by circular financing 
(“roundabouting”), where leading tenants effec-
tively finance each other’s expansion, generat-
ing interlocking liabilities and concentrated ex-
posure for lenders and shareholders. Although 
hyper-scalers themselves typically maintain low 
debt levels, the growing reliance on opaque debt 
structures within this interdependent ecosys-
tem raises serious concerns about systemic risk 
across the AI data center sector.107

Risk 1 - Regulatory gaps and insufficient oversight

Risk 2 - Financial instability risks from rapid adoption and market concentration

The deployment of AI in the financial sector gives rise to a range of risks. Some are systemic in nature—such 
as the unsupervised use of AI and threats to financial stability—while others mirror challenges faced across 
sectors, including risks to privacy and the potential for biased or discriminatory outcomes.
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	● Privacy and data security remain central con-
cerns in the deployment of AI systems. In many 
cases, this data is processed or stored by 
third-party entities that may not operate under 
standardized or robust privacy frameworks. In 

addition, the increasing digitalization of sys-
tems expands the potential attack surface for 
cyber threats, creating vulnerabilities that can 
be exploited and further compromising data 
security.111

Risk 4 - Privacy and data security

Another risk associated with the use of AI is that 
poor-quality data or flawed algorithms can un-
dermine the relevance, reliability, and integrity of 
AI-generated outputs. This risk is compounded 
by the opacity of many AI models, which makes 
it difficult to monitor decision-making processes 
and outcomes.

	● In the financial context, training data that reflects 
or amplifies existing biases may lead to discrim-
inatory outcomes, particularly in areas such as 
creditworthiness assessments and loan terms. 
Thus, the IMF expresses concern about the fact 
that AI adoption could amplify cross-border 

spillovers and capital flow volatility, particular-
ly affecting emerging markets and developing 
economies.108

	● Low-quality or incomplete input data can reduce 
the effectiveness of AI systems, increasing the 
likelihood of suboptimal or misguided invest-
ment decisions.109

	● ESG-related algorithms may be poorly designed 
to account for ethical considerations, inclusion, 
or social impacts, resulting in outputs that inad-
equately reflect sustainability objectives and po-
tentially undermine the credibility and integrity of 
sustainability reporting.110

Risk 3 - Flawed algorithms based on poor data amplifying bias
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I would say so. Part of what can contribute to that 
solution is individuals or teams, who are sustain-
ability minded or oriented, who develop their own 
algorithms and come up with their own solutions, 
as opposed to the big players that maybe have their 
own biases or black box algorithm models. I would 
say with the more intentional or smaller tools, I think 
there’s more flexibility to customize. 

One of the future research questions that I posed 
in my research was, while I use AI to examine con-
ventional ESG, I think there should be future re-
search examining these AI-ESG companies. Who 
is assessing them? One of my policy papers ar-
gued we need to enforce ESG standards on these 
AI companies that are “doing good” because they 
themselves, either knowingly or unknowingly, are 
going to contribute negatively. There should al-
ways be this accountability actor who is keeping 
that healthy tension. 

3.	 Can AI alter the way in which capital is al-
located across countries or markets (e.g, be-
tween Global North and Global South)?

First, a more optimistic response. A lot of my re-
search was on AI from a societal perspective, in-
cluding things like remittances and providing digital 
tools for people in the Global South. I think there 
are great use cases for that which allow people to 
be a bit more self sustainable. There are of course 
problems with this as well; but, on a smaller scale, 
maybe AI is providing individuals or towns with 
some opportunities. 

7.3 EXPERT INSIGHTS

1.	 How can AI be applied when it comes 
to ESG?

Compared to traditional ESG, which provides an-
nual or semi annual insights, you can have insights 
from last week or yesterday. If you’re able to do that 
as an investor or as a company, you’re going to be 
making more money. Companies are always look-
ing to enhance their tool belt and investors are too. 
If AI for ESG is one way of doing it, I think they’re 
going to do it. Do they really care about e.g. the en-
vironment? Some of them may but I think they just 
want to make money at the end of the day — and 
there’s a fiduciary responsibility for that. 

During my research, I was confronted with the 
questions: Do these ESG activities actually create 
outcomes that are useful, tangible, and sustain-
able? What’s the motivation of these investors as 
people? Are they driven by the outcomes, or do they 
just want to participate in an investment trend that is 
beneficial? I became a critic of the ESG landscape. 
Of course, I think it’s complicated, but ESG frame-
works are also very flawed and investors’ intentions 
are not as pure as one would hope. When you have 
a flawed framework or model, you really have to fix it 
in order for the outcomes to deliver. From a systems 
perspective, there’s a problem there.  

2.	 Are there opportunities for AI in finance 
to structurally embed sustainability con-
siderations into financial decision-making 
rather than treating them as add-on ESG 
considerations?

Excerpts from an interview with Dr. Sep Pashang
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Secondly, a less optimistic response. I think the 
hyper-usage in the Global North may steal usage 
and capital from the Global South. These Global 
North industries may get bigger and bigger and it 
may take away from the global container. You also 
have governments who are heavily using AI for their 
own benefit. For smaller actors, it’s just difficult to 
compete with governments and large firms, who are 
just so big. 

4.	 In your view, what are three positive 
changes that you’re perceiving in the finan-
cial industry because of the advent and dif-
fusion of the usage of AI? What do we need 
to make sure those positive changes will still 
be there and not be overwhelmed by other 
transformations? 

The first thing that came to mind was access. It 
can provide access at a societal level. There may 
be some implications there, but it can provide peo-
ple who typically wouldn’t have access to financial 
tools or services with access.  

Number two, it probably enhances creativity, al-
though that’s double edged. I think it probably di-
minishes one’s own creativity, but it opens up for 
being creative — maybe less thoughtful creativity. 

Lastly, in industry, AI may enable you to go beyond 
what you could have ever imagined doing without 
it. That could be regarding risk reduction or profit 
generation or whatever else your scope is — AI can 
enhance that. In many sectors, risk reduction is key.  
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8. DEMOCRACY
AND SOCIETAL RESILIENCE
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The last few years have seen remarkable progress in the power and potential of AI technology to transform 
how citizens and their government interact. AI is increasingly shaping democratic societies by transforming 
how information is produced, distributed, and used. Examining AI’s impact on democracy and social stabil-
ity is therefore essential to understanding its long-term societal consequences.
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8.1 OPPORTUNITIES

AI offers transformative opportunities for society, from making complex policy content accessible to more 
citizens, to keeping essential socio-economic systems running during crises, all of which contribute to 
societal resilience.

AI can act as moderator, mediator, and consensus 
builder.112  It can reduce the costs of participation by 
translating, summarizing, and structuring complex 
policy content, allowing more citizens to engage 
meaningfully at scale. When deployed transparently 
by governments, the deployment of AI expands de-
liberation without overwhelming institutions.

	● AI tools can improve citizen deliberation and 
participatory governance, especially in local and 
civil‑society–led initiatives.113

	● AI can summarize diverse opinions, generate 
statements reflecting the range of perspec-
tives, and help groups approach shared posi-
tions. AI can be applied in citizens’ assemblies, 
social media platforms, and conflict-resolution 

processes to reconcile differing viewpoints 
and generate consensus. LLMs can thus po-
tentially promote tolerance and respect in the 
public sphere to facilitate more epistemically 
productive dialogue.114

	● Governments are increasingly using AI to ana-
lyze citizen input, moderate and translate online 
participation, personalize public communica-
tion, and detect patterns in feedback.115

	● Through automated fact-checking, LLMs can 
support more informed public discussions, eval-
uating the veracity of claims on news sites, social 
media, and other digital platforms, while reduc-
ing the labor required for human verification.116

Opportunity 1 - More inclusive civic participation
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AI can strengthen state capacity and reliability:
	● AI adoption in public administration may in-
crease efficiency, responsiveness, and public 
value when governance safeguards exist.117

AI strengthens societal resilience by enabling an-
ticipatory governance, stabilizing the information 
environment during crises, and preserving conti-
nuity of essential socio‑economic systems. When 
embedded in accountable institutions, AI enhances 
a society’s capacity to absorb shocks and sustain 
coordination and collective action under stress.

	● AI is useful for essential elements of foresight 
such as trend analysis, future scenario devel-
opment and identification of emerging themes 
and issues. AI‑enabled strategic foresight inte-
grates real‑time signals across policy domains, 

	● AI can connect scientific insights to public poli-
cy by validating complex hypotheses, modeling 
outcomes, and incorporating citizen science to 
tackle global challenges.118

allowing governments to anticipate systemic 
risks earlier and coordinate responses more 
coherently, strengthening public confidence 
during crises.119

	● AI improves societal resilience by sustaining con-
tinuity in critical systems such as supply chains, 
healthcare, and public services. It achieves this 
through real-time coordination, predictive ana-
lytics, and quicker institutional decision-making 
under stress. More immediate response time 
can prevent local disruptions from cascading 
into systemic breakdowns.120

Opportunity 2 - More effective, transparent, integrated public administration

Opportunity 3 - Stronger societal resilience to crises and disasters

8. D
em

ocracy and Societal Resilience



58

8.2 RISKS

The rise of generative AI has introduced new 
challenges regarding the accuracy, authenticity, 
and integrity of information.121 AI intensifies infor-
mation disorder by simultaneously injecting false 
content into digital spaces, undermining trust in 
authentic evidence, and amplifying polarization, 
creating reinforcing dynamics that weaken demo-
cratic legitimacy.

	● AI lowers the barrier to political manipulation 
(deepfakes, synthetic audio or video), while in-
creasing its realism, overwhelming verification 
systems and destabilizing the shared factual 
basis required for legitimate elections.122

	● AI risks exacerbating global inequality, as high 
development costs and the concentration of 
computing power in wealthy countries widen 
the technological divide and entrench eco-
nomic dependence in low‑ and middle-income 
countries.126

	● The consolidation of AI capabilities within a 
handful of dominant technology firms threat-
ens democratic foundations by concentrating 
economic power, data ownership, and political 
influence. This enables firms to steer regulation 
and market structures toward private advantage, 

	● As awareness of AI manipulation spreads, politi-
cal actors can plausibly deny authentic evidence 
as fake, weakening journalism, legal scrutiny, 
and democratic accountability mechanisms.123

	● Widespread mis- and disinformation can be ex-
ploited by malicious actors to influence and ma-
nipulate public opinion, distorting the democrat-
ic debate shaping electoral processes.124

	● Engagement‑optimized AI systems systemati-
cally prioritize emotionally charged and hostile 
content, accelerating affective polarization and 
shifting democratic competition toward ze-
ro‑sum conflict rather than deliberation.125

often at the expense of public goods, including 
environmental protection and social equity.127

	● High levels of market concentration among a 
small number of AI providers and agent models 
introduce systemic risks, creating “single points 
of failure” in which flaws or disruptions in one 
system could potentially cascade across AI-de-
pendent sectors such as finance, healthcare, 
and critical infrastructure.128

Risk 1 - Disinformation, trust erosion, and polarization

Risk 2 - Inequality and wealth concentration

Significant risks mirror the enormous opportunities of AI. These risks arise not only from existing applica-
tions but also from the broader trajectory of AI development, particularly considering the potential emer-
gence of AGI and ASI.
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	● AI may be weaponized for automated surveil-
lance, cyber espionage, or large-scale attacks. 
AI significantly lower the barrier to creating so-
phisticated, high-tech weaponry, potentially al-
lowing dangerous capabilities to be harnessed 
by malicious actors. The outcomes of such sce-
narios include worsening geopolitical instability 
and increased risk of war, especially if security 
safeguards lag behind AI development.129

	● AI‑based lethal weapons pose acute security 
risks by enabling systems that can select and 
engage targets without meaningful human con-
trol, undermining accountability and compliance 
with international humanitarian law. AI‑enabled 
autonomous weapons, especially drones and 
swarms, also accelerate escalation and prolifer-
ation by operating at machine speed and lower 
costs, increasing the risk of unintended conflict 
and civilian harm before governance frameworks 
can respond.130

	● Beyond misuse risks, more systemic concerns 
relate to the loss of control associated with AI 
developing capabilities that match or exceed 
human intelligence.131 Superhuman intelligence 
would possess abilities such as autonomous 
planning, persuasion and advanced program-
ming that may cause AI to operate outside the 
scope of human oversight. Even before getting 
to ASI, AGI might pursue instrumental goals 
such as resource acquisition—i.e. AI trying to 
secure, and control resources, such as compu-
tational power and data to increase its ability to 
achieve its goals—or self-preservation—i.e. AI 

acting to prevent its own shutdown or alteration 
by deceiving or exploiting humans.132 The com-
bination of high intelligence and autonomous 
decision-making creates a landscape of highly 
unpredictable outcomes.133

	● These risks are compounded by growing model 
opacity. As AI systems become more advanced, 
they are also becoming less transparent. Many 
modern models already operate as ‘black boxes’ 
whose internal processes are difficult for even 
their creators to decipher. Indeed, since the 
rapid advancements in deep learning from the 
past few years are more the result of trial and 
error than rigorous understanding,134 scientists 
do not know how the AI models produce what 
they do or why they do so.135 While we can un-
derstand AI inputs and outputs, we are moving 
further away from understanding how AI learns 
and makes decisions. This raises doubts about 
the human ability to predict the capabilities of 
the next generation of AI systems and to control 
increasingly powerful models. Concerns about 
transparency, reliability and responsible devel-
opment are even more salient when it comes 
to ASI, whose ability to exceed human perfor-
mance at most cognitive tasks may disempower 
humanity and lead to catastrophic harm due to 
malicious or incautious use.136

Risk 3 - Existential threats, from increased risk of war to loss of human control, as com-
pounded by growing model opacity
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2.	 Among the risks associated with the rapid 
advancement and diffusion of AI, which do 
you believe are the most underestimated?

Discussions around the risks of artificial intelligence 
often focus on those that are most immediate and 
visible, such as energy consumption, labour dis-
placement, and the spread of misinformation. 
These concerns are serious and warrant sustained 
attention. However, some of the most underestimat-
ed risks lie in the less visible, systemic effects of AI.

One such risk is the gradual erosion of human agen-
cy in decision-making. As AI systems are increas-
ingly relied upon to inform or automate complex 
choices, there is a tendency to defer judgment to 
technical outputs without sufficient scrutiny. When 
this occurs in areas such as public policy, or re-
source allocation, it can weaken accountability and 
obscure responsibility. Over time, this could under-
mine trust in institutions and diminish the role of 
human values in shaping societal outcomes. Anoth-
er underestimated risk concerns the concentration 
of power. Advanced AI capabilities are largely con-
trolled by a small number of actors with access to 
vast data resources, computing infrastructure, and 
technical expertise. This concentration can deep-
en global and domestic inequalities, limiting the 
ability of many countries, particularly in the Global 
South, to shape how AI systems are designed and 
deployed. The result is not only a digital divide, but 
a governance divide that has long-term implications 
for sustainable development.

There is also a tendency to treat misinformation as 
a discrete technical problem, rather than a broader 
societal challenge. AI-driven misinformation does 
not merely distort information environments; it can 

8.3 EXPERT INSIGHTS

1.	 You bring the distinctive perspective of 
being both a UN leader and a researcher in 
artificial intelligence. In your view, how can 
the ongoing evolution and widespread adop-
tion of AI contribute positively to sustainable 
development? 

In the short term, the contribution of AI to sustain-
able development is already visible. AI is strength-
ening our capacity to analyze complex data, im-
prove forecasting, and support more timely and 
informed decision-making. Within the United 
Nations system, AI-enabled tools are enhancing 
climate modelling, disaster risk reduction, early 
warning systems, and the delivery of humanitarian 
and social protection programmes. These appli-
cations improve efficiency and precision, allowing 
scarce resources to be deployed more effectively 
and in support of the most vulnerable.

Over the medium to long term, the implications of AI 
are more structural. AI has the potential to transform 
production systems, labour markets, and models of 
governance. If aligned with sustainability objectives, 
AI can help strengthen resilience and support more 
inclusive and sustainable patterns of development. 
These benefits, however, are not automatic. Without 
appropriate governance frameworks, AI risks exac-
erbating existing inequalities and widening digital 
divides. Ensuring that AI contributes positively to 
sustainable development requires sustained invest-
ment in inclusive access, strong human oversight, 
and international cooperation on norms and stan-
dards. The central challenge before us is not wheth-
er AI will shape the future, but whether we will guide 
its development in a way that advances sustainabil-
ity, equity, and shared human well-being.

Excerpts from an interview with Dr. Tshilidzi Marwala
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comes more fragile, particularly for youth.

At the same time, AI holds real potential to raise 
productivity and expand access to essential ser-
vices. In public administration, AI can support 
translation, data management, and service deliv-
ery. In education, adaptive learning tools can help 
address gaps in teacher capacity. In healthcare, 
AI-assisted diagnostics can strengthen the work of 
community health workers in remote areas. These 
gains, however, depend on foundational enablers, 
including digital infrastructure, reliable energy ac-
cess, language inclusion, and human capability. En-
suring that AI systems reflect local languages and 
contexts is therefore essential.

South Africa’s experience illustrates both the 
promise and the risk of AI adoption. While unem-
ployment remains high, there is growing recogni-
tion that disengaging from AI would lead to tech-
nological marginalization. This understanding has 
driven efforts to build national capacity and to 
bring government, academia, and industry togeth-
er in shaping responsible approaches to AI. The 
lesson is that AI must be actively shaped; it cannot 
be left to market forces alone.

Several issues deserve particular attention from the 
international community. First, investment in human 
capital is essential. Education systems must evolve 
beyond rote learning and equip people with skills 
that AI complements rather than replaces, including 
critical thinking, creativity, and judgment. Second, 
governance matters. Without clear frameworks 
for accountability, data ownership, and fairness, 
AI risks reinforcing inequality and concentrating 
power. Third, AI must be connected to real econo-
mies and development priorities. Technology alone 

polarize societies, weaken social trust, and erode 
the foundations for collective action on sustainabili-
ty challenges. In this sense, its impact extends well 
beyond media ecosystems into the core of demo-
cratic and social systems.

These risks are underestimated because they ac-
cumulate gradually and are difficult to measure, yet 
their consequences are enduring. Addressing them 
requires more than technical solutions. It calls for 
robust governance frameworks and international 
cooperation that places sustainability at the centre 
of AI development and deployment.

3.	 The deepening and broadening use of AI 
is influencing not only advanced economies 
in the Global North but a wide range of coun-
tries worldwide. How do you anticipate AI af-
fecting countries in the Global South? Which 
aspects do you believe deserve particular 
attention from the international community?

The spread of artificial intelligence is already shap-
ing development trajectories across the Global 
South, and its effects will become more pronounced 
in the years ahead. 

In many developing countries, AI is unlikely to dis-
place large numbers of manual or informal jobs 
directly. However, its indirect effects on labour 
markets are significant and often underestimated. 
In urban centres across Africa, routine cognitive 
roles such as clerical work, basic accounting, and 
customer support have served as important entry 
points for educated young people. These are pre-
cisely the tasks most exposed to automation. If 
these pathways disappear without alternatives, the 
transition from education to stable employment be-
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spective. Dialogue and cooperation between these 
actors are therefore essential.

Finally, there is a responsibility to contribute to in-
clusive outcomes. This includes supporting skills 
development, enabling broader access to AI tech-
nologies, and avoiding practices that concentrate 
benefits among a narrow set of actors or regions. 
Such efforts help ensure that AI supports shared 
prosperity rather than deepening existing divides.

5.	 AI’s rapid development and diffusion are 
already reshaping higher education and 
employment. The implications for younger 
generations are particularly substantial. 
Do you have a message for young people 
who will learn, work, and ultimately take 
part in building society alongside AI in the 
years to come?

Artificial intelligence will shape the world in which 
young people learn, work, and lead, but it will not 
define their value or replace their responsibility. 
AI will continue to evolve, and many tasks will 
change, but the qualities that matter most will re-
main deeply human.

My message to young people is to engage with AI 
critically and confidently. Build digital literacy and 
technical understanding, but do not neglect skills 
that AI cannot replicate, such as judgment, creativ-
ity, empathy, and ethical reasoning. These capaci-
ties will become more important, not less.

At the same time, young people should see them-
selves not only as users of technology, but as ac-
tive participants in shaping how it is governed and 
applied. The choices made today about education, 
work, and values will influence whether AI strength-
ens inclusion and sustainability or deepens existing 
divides. The future of AI, and of society alongside it, 
will depend on informed, responsible, and engaged 
leadership from the next generation.

cannot overcome structural constraints or weak la-
bour markets. AI can support reform, but it cannot 
substitute for it.

For the international community, the central chal-
lenge is to ensure that AI supports inclusive and 
sustainable development rather than reproducing 
older patterns of dependency and extraction. This 
requires coordinated investment in infrastructure, 
skills, and public institutions, alongside internation-
al cooperation on ethical standards and responsible 
governance. With the right choices, AI can become 
a catalyst for opportunity across the Global South.

4.	 AI governance is inherently multi‑layered. 
While actions by governments and interna-
tional institutions are essential, large cor-
porations also hold significant responsibili-
ties because of their role in AI development. 
What roles and responsibilities should major 
private‑sector actors assume within the 
broader AI governance ecosystem?

Private-sector actors have a responsibility to embed 
principles of responsible AI into their core opera-
tions. This includes transparency in model devel-
opment, attention to bias and fairness, respect for 
privacy, and the maintenance of meaningful human 
oversight. These principles should not be treated 
as optional or external to business strategy, but 
as integral to long-term sustainability and trust. In 
addition, companies must take seriously the envi-
ronmental footprint of AI. Decisions related to semi-
conductor production, data-center construction, 
and energy use have direct implications for climate 
and water systems. 

Private-sector actors should also engage construc-
tively with public institutions and international pro-
cesses. Effective AI governance cannot be achieved 
through unilateral action. Companies possess tech-
nical expertise and operational knowledge that are 
valuable to policymakers, while public institutions 
provide legitimacy, accountability, and a global per-
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Opportunities: AI enhances planetary observation 
by integrating data from satellites, sensors, and cit-
izen science, improving monitoring of ecosystems, 
biodiversity, pollution, and climate risks. It strength-
ens early‑warning systems for floods, droughts, 
and wildfires, enabling more proactive planning. By 
translating complex data into accessible insights, 
AI can also broaden public participation in environ-
mental decisions.
Risks: AI’s infrastructure consumes large amounts 
of energy, water, and critical minerals, generat-
ing emissions and electronic waste. AI‑enabled 
biotechnology raises biosafety concerns, while 
opaque models, biased data, and environmental 
misinformation can undermine conservation and 
trust in science. 

Planetary Environment

Opportunities: AI increases financial efficien-
cy through automated analysis, portfolio optimi-
zation, improved risk assessment, and stream-
lined ESG reporting. It can also generate data for 
emerging economies, potentially accelerating de-
velopment finance.
Risks: Efficiency gains do not ensure sustainabil-
ity or equity. Benefits often remain disconnected 
from real‑world outcomes, while AI introduces 
risks such as market concentration, correlated 
investment strategies, biased algorithms, weak 
transparency, and fragile AI‑dependent infra-
structure. AI can make finance faster, but not nec-
essarily fairer or greener. 

Finance

Opportunities: AI can strengthen democrat-
ic institutions by lowering barriers to participa-
tion through translation, summarization, and 
large‑scale consultation. It can improve pub-

Democracy and Societal Resilience

Opportunities: AI boosts productivity and innova-
tion by accelerating research, improving quality and 
safety, and supporting decision‑making through 
tools such as digital twins. It also creates new roles 
in system design, oversight, and governance.
Risks: Automation threatens routine jobs, including 
many entry‑level and white‑collar roles, while ben-
efits concentrate among high‑skilled workers and 
large firms. Algorithmic management can reduce 
worker autonomy and well‑being, and heavy reli-
ance on AI‑generated outputs may narrow diversity 
and creativity. 

Industry and Labor

Artificial intelligence is rapidly reshaping how societ-
ies manage the environment, energy, work, finance, 
and democratic systems. AI can support sustain-
ability transitions only if it is deliberately governed 
and aligned with public goals. Without guidance, it 
risks worsening environmental damage, inequality, 
and systemic instability. 

Energy Systems

Opportunities: AI supports cleaner energy systems 
by improving demand and renewable forecasting, 
integrating wind, solar, storage, and electric vehi-
cles into grids, and enabling smarter demand man-
agement. It also accelerates innovation in batteries, 
materials, and energy technologies, lowering costs 
and improving performance.
Risks: AI can reinforce fossil‑fuel dependence by 
increasing the efficiency of extraction and power 
generation. Rising data‑center demand increas-
es electricity use, often supplied by fossil‑based 
backup power. Digital divides may deepen energy 
inequality, while digitalization exposes energy infra-
structure to cybersecurity risks. Poorly planned, AI 
can strain energy systems. 

9. SUMMARY OF OPPORTUNITIES
AND RISKS
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Table 3.  Summary of sector-specific opportunities and risks and cross-cutting themes

Domain

Planetary 
Environment

Energy 
Systems

Industry 
& Labor

Finance

Democracy 
& Societal 
Resilience

Key Opportunities Key Risks Cross-Cutting Themes

Environmental monitoring, sce-
nario planning, resource man-
agement, and democratization 
of environmental knowledge

Efficiency improvements, renew-
able integration, grid moderniza-
tion, knowledge acceleration, 
modernization of demand-side 
market

Portfolio optimization, alignment 
of investments with f inancial 
products, improved emerging 
market data

Enhanced deliberation, collec-
tive decision-making, reliable 
public information, accelerated 
scientific discovery

Environmental impacts, biosafe-
ty risks, malicious use of AI, data 
inequities, lack of transparency

Fossil fuel lock-in, infrastructure 
stress, cybersecurity, data lim-
itations and lack of transparency

Unsupervised AI use, financial 
instability, algorithmic bias, data 
security

Inequality and wealth concentra-
tion, misinformation and manip-
ulation, security, cybersecurity, 
loss of control

Data integrity and quality, trans-
parency, human oversight

Data integrity and quality, trans-
parency, cybersecurity, human 
oversight

Innovation across the economy 
and the labor market, workplace 
efficiency, enhanced creativity

Increased digital divide, market 
concentration, workforce policy 
misalignment, labor displace-
ment, workplace alienation, ero-
sion of collective diversity

Transparency, human oversight

Data integrity and quality, cyber-
security, human oversight

Data integrity and quality, cyber-
security, human oversight

lic‑sector efficiency and support crisis anticipation 
and response across sectors.
Risks: Generative AI amplifies misinformation, 
erodes trust in evidence, and fuels polariza-
tion. Control over AI is increasingly concentrated 

among a few firms and countries, raising concerns 
about inequality and political influence. More se-
vere risks include AI‑enabled weapons, geopoliti-
cal instability, and opaque models that limit over-
sight and accountability.
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PART III
AI for Humanity

In just a decade, AI has moved from the fringes of 
tech labs to the center of global transformation. Its 
potential to contribute positively to addressing the 
sustainability challenges of our time is immense. 
As discussed in the previous section, AI can serve 
as a powerful engine for scientific discovery and 
innovation: it can boost productivity, enable new 
ways of modeling complex systems, and strength-
en our ability to predict and prepare for the chal-
lenges that will arise as a result of climate change 
and other crises.

For this promise of a more sustainable future to 
be realized, AI development trajectories must be 
deliberately shaped around these parameters. 
This requires, first, a collective societal decision to 
steer AI development toward pathways that benefit 
the many rather than the few. Second, it requires 
the design and implementation of effective gover-
nance frameworks to ensure that this intentional 
direction is not merely aspirational but is translat-
ed into practice.

While Part II analyzes opportunities and risks of AI 
across the sectoral five domains, Part III shifts the 
focus to a structured governance framework oper-
ating across three interlocking layers. 

First, sectoral governance addresses how AI is de-
ployed within specific domains—planetary environ-
ment, energy systems, industry and labor, finance, 
and democracy and societal resilience. These mea-
sures seek to optimize opportunities and manage 
sector-specific risks at the local level. 

Second, cross-cutting safeguards establish hori-
zontal conditions, such as transparency and human 
oversight, which are applicable across sectors. 
These mechanisms ensure that AI deployment re-
mains safe, accountable, and socially legitimate. 

Third, global AI governance operates at the level of 
AI capability development. As AI systems progress 
from narrow applications toward general-purpose 
and potentially superhuman intelligence, risks be-
come systemic, transboundary, and potentially irre-
versible. Governing AI deployment is insufficient if 
the underlying trajectory of capability escalation re-
mains unconstrained. Global governance therefore 
addresses how far, how fast, and under what con-
ditions frontier AI systems are developed. AI gov-
ernance addresses core policy questions: wheth-
er societies can reach shared agreements on the 
direction of AI development, and what institutional 
and normative conditions are necessary to ensure 
that AI advances the public interest and delivers 
broadly shared societal benefits.

The sections that follow outline both the domes-
tic governance architecture required to manage 
AI deployment and a phased roadmap toward a 
durable global framework capable of guiding ad-
vanced AI development according to shared in-
ternational guardrails.
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The analysis presented in Part II demonstrates that 
AI introduces both remarkable opportunities and 
significant risks across all key domains. These im-
pacts arise primarily at the level of deployment: how 
AI systems are integrated into existing economic, 
environmental, and political structures.

Addressing these challenges requires that sec-
toral governance be tailored to the risk profiles of 
each domain. In each case, regulatory respons-
es must be context-specific in order to mitigate 
harms while enabling innovation that advances 
the sustainability transitions.

At the same time, certain risks transcend sectoral 
boundaries. Issues such as opacity in model de-

sign, data inaccuracies, cybersecurity vulnerabili-
ties, algorithmic bias, and insufficient human over-
sight are not confined to any single domain. These 
shared challenges require cross-cutting safe-
guards, namely governance instruments that apply 
across sectors and establish baseline conditions of 
transparency, accountability, and resilience for AI 
deployment as a whole.

Together, sector-specific measures and 
cross-cutting safeguards form the domestic gov-
ernance foundation for responsible AI use. How-
ever, as subsequent sections will argue, govern-
ing deployment alone is insufficient if the broader 
trajectory of advanced AI capability development 
remains unaddressed.

10. SECTORAL AND CROSS-CUTTING 
PERSPECTIVES

10. Sectoral and C
ross-C
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10.1 SECTORAL RISK MANAGEMENT 
MEASURES

10.1.1 - Planetary Environment

	● Require data center developers to adopt a holis-
tic approach to optimize design and operational 
performance. Because data centers impact water, 
biodiversity, and climate, trade-offs are often un-
avoidable. These impacts should be addressed 
early on in planning, and integrated into design and 
operational strategies.138

	● Condition development approval on minimizing 
environmental footprint, ensuring zero competi-
tion with other water uses and zero water dis-
charge, including through closed-loop systems 
and non-potable sourcing. Conditions should 
also require additional renewable energy gen-
eration and flexible demand that facilitates grid 
integration, rather than reliance on existing clean 
supply (as also discussed below).139

	● Require data centers developers to prioritize lo-
cations with lower ecological value and adjust de-
sign layouts to preserve priority habitats. Where 

Data centers—the infrastructure underpinning AI—
have direct environmental impacts that can be min-
imized through rigorous planning and assessment 
mechanisms to quantify impacts on biodiversity, 
climate, and communities.137 Although the impacts 
of data centers on the environment greatly vary de-
pending on the context, policies should:

impacts remain, restoration measures—such as 
replanting native species or rehabilitating ecosys-
tems—should be implemented.140

To address concerns connected to biosafety risks, 
policies should require robust assessment mecha-
nisms to evaluate AI–synthetic biology integration, 
including impacts on biodiversity, sustainable use, 
equitable benefit-sharing, and traditional knowl-
edge.141 Finally, it is important that significant steps 
are taken to protect data and to ensure that tools 
are used only for their intended purpose to guard 
against the malicious use of AI.

To seize the opportunities for the planetary envi-
ronment, it will be important to draw the research 
findings from the UNU Institute on Big Data and 
Artificial Intelligence for Managing Human Habitat 
Change (UNU-AI),142 which focuses on leveraging 
AI, big data, and high-performance computing to 
address complex global issues, particularly those 
related to human habitat changes caused by envi-
ronmental crises. These research insights should 
be integrated in national policy making as well as in 
North-South collaboration on combatting environ-
mental multi-crises.

Table 4.  Summary of opportunities and risks in the planetary environment domain

Improved environmental monitoring

Scenario planning for ecosystems and climate

Better informed and optimized natural 
resource management

Democratization of environmental knowledge

Area specific:
Environmental impacts of AI underpinning 
infrastructure Biosafety risks
Malicious use of AI

Cross-cutting*:
Poor data quality, including misinformation 
and disinformation*
Lack of transparency*

Opportunities Risks
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10.1.2 - Energy Systems

	● Advance policy that accelerates AI-driven ener-
gy innovation by increasing innovation funding 
and improving the availability of data, models, 
and computing infrastructure.143

	● Employ regulatory sandboxes to safely test low-
risk AI applications (e.g., renewable forecasting, 
dynamic line rating) and encourage pilot projects 
that allow experimentation while maintaining 
safeguards for critical infrastructure.144

	● Increase public R&D investments in green-AI 
hardware and software, and promotion of open-
source AI models to reduce resource-intensive 
training. Dedicate national compute resources 
for green-AI research.145

	● In countries experiencing a data-center boom, 
impose conditionality on licensing and grid con-
nection to facilitate renewable energy integra-
tion, either by increasing grid flexibility or by re-
quiring data centers to source electricity directly 
from additional renewable capacity.146

AI can accelerate decarbonization if guided by ap-
propriate policies that reduce risk and unlock its full 
potential. Governments should:

Table 5.  Summary of opportunities and risks in the Energy Systems domain

Improved energy efficiency

Integration of renewable energy 
and grid modernization

Acceleration of knowledge production 

Modernization of demand-side market

Sector specific:
Fossil fuel lock-in and transition delays 
Physical infrastructure and competences 
stress

Cross-cutting*: 
Cybersecurity*
Poor data quality and lack of transparency*

Opportunities Risks
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10.1.3 - Industry and Labor

	● Invest in foundational capabilities by expanding 
access to education, STEM training, and digital 
literacy. Increasing targeted reskilling as clearer 
signals emerge about evolving task demands.147

	● Strengthen institutional adaptability by enhanc-
ing the capacity of labor market and educational 
institutions to respond flexibly to technological 
change, while designing redistribution mecha-
nisms that cushion transitional shocks.148

	● Promote human–AI complementarity. Prioritize 
retraining into roles where AI augments pro-
ductivity rather than substitutes for labor and 
align incentives—such as tax or procurement 
policies—to encourage labor-augmenting adop-
tion.149 Proactively build holistic skill systems 
through curricula that integrate technical AI 
competencies with critical thinking, social intelli-
gence, and other non-automatable skills.
	● Support international transition mechanisms. 
Consider instruments such as an AI Adjustment 
Fund to finance retraining, institutional reform, 
and social protection in developing economies 
during periods of structural adjustment.150

Managing AI’s impact on work requires coordinat-
ed labor and education policies that strengthen in-
stitutional adaptability while guiding the direction 
of technological adoption. The objective is not only 
to equip workers with relevant skills, but to ensure 
that AI deployment supports inclusive growth rath-
er than deepening displacement and inequality. 
Policymakers should consider advancing the fol-
lowing initiatives: 

10. Sectoral and C
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Table 6.  Summary of opportunities and risks in the Industry and Labor domain

Increased innovation across the economy 
and the labor market 

Efficiency gains in the workplace

Enhanced creativity

Sector specific:
Wider digital and labor divide
Market concentration
Workforce policy misalignment 
Labor displacement
Workplace alienation
Erosion of collective diversity

Cross-cutting *:
Lack of transparency *
Insufficient human oversight *

Opportunities Risks



73

10.1.4 - Finance

	● Comprehensive risk mapping and enhanced 
data collection for all large traders in order to 
systematically identify and manage emerging 
AI-system dependencies and ensure regulators 
can anticipate and mitigate risks in increasingly 
AI-driven markets.
	● Deploy stress testing of extreme scenarios to 
help assess the resilience of financial markets to 
AI-driven disruptions, such as rapid algorithmic 
price swings, misaligned AI risk models, critical 
infrastructure outages, data manipulation, sud-
den adoption shocks, and cross-market conta-
gion. These tests can reveal vulnerabilities and 
ensure that institutions can absorb shocks with-
out triggering systemic crises.
	● Include circuit breakers152 and margining 
mechanisms153 to manage the risk of signifi-

AI can create major financial instability. To safe-
guard the financial system, technical and regulatory 
oversight will have to evolve alongside AI’s rapid in-
tegration into the financial sector. While regulators 
already conduct risk reporting and monitor large 
market participants, these measures remain sec-
tor-specific and limited in scope. Existing frame-
works capture traditional operational and financial 
risks for banks and registered entities, but they 
rarely cover full dependencies on AI systems, data, 
and critical technological infrastructure. Moreover, 
the monitoring of non-bank or highly automated 
participants is often incomplete. In this context, the 
following strategies are important to mitigate the 
risks that undermine financial stability:151

cant AI-driven price volatility, which can arise 
from high-speed, adaptive, and cross-market 
algorithmic strategies. 
	● AI can be a force for shifting capital where in-
vestment is needed. Beyond financial stability, 
policymakers should urgently convene regular 
consultations or forums with development and 
commercial financing institutions and AI data 
producers. These engagements should explore 
how AI-generated data can meaningfully sup-
port capital allocation towards sustainable de-
velopment priorities—rather than undermine 
it—-by identifying new investment opportunities, 
improving understandings of risk-return profiles, 
and standardizing approaches to de-risking fi-
nancial structures. These forums could:
	● Use AI-enabled datasets to identify sustainable 
development to advance investment opportuni-
ties that are poorly captured by traditional proj-
ect pipelines and assessment tools.154

	● Improve risk–return assessment by enabling 
more granular, project-level analysis, reducing 
reliance on perceived risk and coarse country- 
or sector-level proxies.155

	● Support the standardization of de-risking ap-
proaches, aligning how AI-generated data is 
used in guarantees, blended-finance struc-
tures, insurance, and credit enhancement in-
struments. Shared data standards would lower 
transaction costs, improve comparability, and 
facilitate greater participation by commercial 
investors, thus leveraging a key barrier to in-
vestment in EMDEs.156

10. Sectoral and C
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Table 7.  Summary of opportunities and risks in the Finance domain

Portfolio optimization and improved data col-
lection

Better alignment of investor preferences 
with financial products

Improved data availability for emerging mar-
kets

Sector specific:
Financial instability

Cross-cutting *:
Unsupervised use of AI *
Algorithmic bias *
Privacy and data security *

Opportunities Risks
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10.1.5 - Democracy and Societal Resilience

	● Develop national and regional AI regulatory 
frameworks that define clear rules for AI devel-
opment and deployment, with a focus on demo-
cratic protection, privacy, and public safety.
	● Monitor inequalities in access across income, 
employment, gender, health, education, and en-
vironmental dimensions, and assess options for 
corrective action where appropriate.159

	● Promote digital literacy, integrate it into school 
curricula, and implement awareness programs 
about disinformation risks.160

	● Participate in international AI governance efforts 
to reinforce democratic safeguards globally (see 
chapter “A Global Governance Framework for 
AI”). Such collaboration between governments 
at bureaucratic and political levels helps moni-
tor policy implementation effectively. It may also 
mitigate geopolitical instability by fostering co-
operation over competition, thereby aligning AI 
development and deployment with shared dem-
ocratic principles.

Because of the threats posed by AI, governments 
are increasingly tasked with protecting democrat-
ic values (e.g., protection of fundamental rights 
or popular sovereignty, rather than technocracy), 
while balancing innovation and economic growth. 
Although specific regulations will vary by jurisdic-
tion and will have to evolve together with tech-
nological developments,157 governments should 
consider the following approaches to address 
these challenges: 158

To maximize the benefits of AI, governments at na-
tional and local levels should integrate AI technol-
ogy into public service programs, as effective ser-
vice delivery strengthens the legitimacy and stabil-
ity of democracy.161 Governments should leverage 
AI to enhance the quality, efficiency, and accessi-
bility of policies, laws, and public services, build-
ing on existing successes in digital governance, 
particularly in areas such as anti-corruption and 
citizen access.162
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Table 8.  Summary of opportunities and risks in the Democracy and Societal Resilience domain

Enhanced democratic deliberation

Collective decision-making

Anticipatory governance

Preservation of the continuity of essential 
socio‑economic systems

Sector specific:
Global inequality and wealth concentration
Manipulation and misinformation
Geopolitical instability
Surveillance
Loss of control due to increasingly powerful AI systems

Cross-cutting *:
Cybersecurity *
Increased opacity *
Insufficient human oversight *

Opportunities Risks
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measures should include:
	● Rigorous management protocols around who 
can access and manipulate high-value environ-
mental and social datasets.169

	● Mandatory use of encrypted technologies and 
continuous technological checks to defend 
against the misuse of AI by malignant actors.170

	● Robust cryptographic safeguards, anomaly 
detection, real-time threat monitoring, and es-
tablishment of standardized benchmarks for 
data protection.171

Participatory and cross-sectoral collaboration
AI deployment must be grounded in social legiti-
macy. Without participatory design and equitable 
access, AI risks reinforcing existing power asym-
metries and deepening inequality. Cross-cutting 
participatory mechanisms includes:

	● Public funding for interdisciplinary AI research 
that engages AI developers, ethicists, and social 
and economic scientists to study AI’s contribu-
tions to human well-being beyond profitability.172

	● Participatory design processes and employ-
ment of diverse training datasets to mitigate 
bias and discrimination. This includes increas-
ing efforts to collect better data, as well as 
encouraging data-sharing for both AI develop-
ment and deployment.173

	● Mechanisms that allow communities to retain 
control over their data and the resulting AI out-
puts, in order for the benefits of the technology 
to remain local.174

	● Capacity-building initiatives—including edu-
cation, digital literacy, and infrastructure in-
vestment—to ensure individuals and institu-
tions can engage with AI systems effectively 
and responsibly.175

While sectoral governance addresses domain-specific risks, certain vulnerabilities are structural and are 
caused by how AI systems are designed, trained, deployed, and monitored. These shared risks require hor-
izontal safeguards that apply across all domains.

Cross-cutting governance therefore establishes baseline conditions for safe and legitimate AI deployment. 
Its purpose is to ensure that AI systems operating in society remain transparent, accountable, and secure. 
These safeguards govern AI deployment. They do not determine the pace or limits of frontier capability de-
velopment—a distinct challenge to be addressed at the global level, as discussed below.

10.2 CROSS-CUTTING RISK MANAGEMENT APPROACHES

Transparency, Accuracy, and Human Oversight
Without visibility into how models are trained, evalu-
ated, and deployed, regulators cannot meaningfully 
assess risk or remediate harmful outcomes. Trans-
parency in the deployment of AI entails: 

	● Rigorous verification processes, including secu-
rity audits, compliance checks, and standard-
ized metrics and benchmark datasets for vali-
dating model performance.163

	● Regular auditing to ensure AI systems remain ac-
curate and do not reproduce biased outcomes, 
particularly in sensitive areas such as hiring and 
compensation.164

	● “Human-in-the-loop” processes to review AI 
outputs, i.e. utilizing subject matter experts and 
data labelers. This safeguard is critical for ensur-
ing quality and preventing the circulation of “AI 
hallucinations.”165

	● AI Models that respond to plain-language com-
mands to allow operators to oversee, direct, and 
override systems when necessary.166

	● Mandated transparency in AI training data and 
rigorous testing of generative and foundation 
models prior to deployment. Testing should 
evaluate performance, biases, alignment, and 
potential risks for society and democracy.167

	● Creation of dedicated AI oversight bodies or in-
stitutes at the national or regional level to moni-
tor deployment and ensure adherence to demo-
cratic principles.168

Security, Data Protection and Cyber Resilience
As AI systems become embedded in critical infra-
structure, weak cybersecurity can amplify vulnera-
bilities across entire sectors. Data protection and 
cyber resilience are therefore foundational condi-
tions for safe deployment. Cross-cutting security 
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Table 9.  Summary of sector-specific risk management measures and cross-cutting risk management approaches

Domain

Planetary 
Environment

Energy 
Systems

Industry 
& Labor

Finance

Democracy 
& Societal 
Resilience

Sector-Specific Risk Management Measures Cross-Cutting Risk Management Approaches

- Develop assessment mechanisms to quantify AI impacts on 
biodiversity, climate, and communities, for example integrat-
ing KPIs based on the Planetary Boundaries framework.
- Categorize AI applications by risk levels, identifying technol-
ogies with high-risk and unacceptable-risk thresholds for the 
planetary environment.
- Condition data center development on minimizing environ-
mental footprint and maximizing renewable energy use.
- Assess AI–synthetic biology integration against robust as-
sessment mechanisms for equitable, safe use.

- Increase funding for AI-driven energy innovation, particularly 
by improving availability of data, models, and computing in-
frastructure.
- Regulatory sandboxes for testing low-risk AI applications 
(e.g., renewable forecasting, dynamic line rating).
- Public R&D investments in green-AI hardware/software; pro-
mote open-source AI.
- Conditional licensing of data centers that facilitate renew-
able integration.

- Invest in education, STEM, and digital literacy.
- Strengthen institutional adaptability of labor markets and 
education systems.
- Design redistribution mechanisms to ease transitional dis-
ruptions.
- Prioritize human–AI complementarity through workplace de-
sign, retraining programs, and economic incentives.
- Implement holistic skills curricula combining technical AI, 
social, and critical thinking competencies.
- Expand digital infrastructure to promote accessibility and 
close the digital divide.
- Support global transition mechanisms e.g., AI Adjustment 
Fund that finances retraining and social protection in develop-
ing economies.

- Comprehensive risk mapping and data collection for large 
traders to manage AI-system dependencies.
- Stress-testing extreme AI-driven market scenarios to gauge 
resilience.
- Circuit breakers and margining mechanisms to manage 
price volatility from high-speed, adaptive trading.
- Convene forums to align AI-generated data with sustainable 
investment goals.

- Develop national/regional regulatory frameworks for AI de-
velopment and deployment that emphasize democratic pro-
tection, privacy, and public safety.
- Monitor demographic inequalities in AI access and imple-
ment corrective measures.
- Promote digital literacy and disinformation awareness.
- Participate in international AI governance efforts to reinforce 
democratic safeguards and promote cooperation.
- Integrate AI into public services programs to enhance effi-
ciency and accessibility.

Transparency, Accuracy, and Human 
Oversight: Embed processes that support 
openness, accountability, and accuracy in 
AI-generated content. Ensure models are 
interpretable, auditable, and explainable. 
Implement human-in-the-loop review and 
plain-language command interfaces. Man-
date transparency in AI training data and 
rigorous model testing before deployment. 
Create AI oversight bodies and mecha-
nisms to monitor instances of bias. 

Security, Data Protection, and Cyber Re-
silience: Strengthen legal frameworks and 
protocols for sensitive data, enforce en-
cryption, anomaly detection, real-time 
monitoring, and standardized benchmarks 
for cybersecurity.

Inclusive, Participatory, and Cross-Sec-
toral Collaboration: Public funding to de-
mocratize interdisciplinary AI research, 
participatory design, use of diverse train-
ing data, local data control, and education 
and skills-building to empower communi-
ties and ensure contextually responsible 
AI deployment.
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Global AI governance176 operates at a different level, 
as a coordination architecture situated at the in-
ternational level. Its purpose is to ensure that the 
development of increasingly powerful AI systems 
unfolds safely and in alignment with shared global 
interests. A global governance framework functions 
above individual regulatory domains, creating the 
institutional conditions under which national sec-
toral and cross-domain policy interventions can op-
erate coherently, predictably, and collectively.

This distinction is particularly important as AI ca-
pabilities approach general-purpose and poten-
tially autonomous systems. While domestic gov-
ernance can mitigate harms arising from specific 
applications, the escalation of frontier capabilities 
introduces risks that are transboundary, systemic, 
and potentially irreversible. Therefore, effective risk 
containment at this level requires coordinated in-
ternational mechanisms capable of governing AI’s 
developmental trajectory itself.

AI governance operates across multiple, intercon-
nected layers, each addressing a distinct dimension 
of risk. Sectoral governance manages how AI is de-
ployed within specific domains. Complementing 
these measures, cross-cutting safeguards establish 
horizontal conditions for responsible deployment. 
These risk mitigation approaches are primarily im-
plemented at the national or regional level, where 
governments adapt them to domestic institutions, 
legal frameworks, and socio-economic priorities. 
Together, they form the architecture for governing 
AI use within society.

Yet deployment governance, however robust, 
cannot address the deeper structural forces 
shaping the trajectory of AI development itself. 
Sectoral and cross-cutting measures regulate 
how AI systems operate once embedded in so-
cial and economic systems; they do not deter-
mine how powerful those systems become, how 
rapidly capabilities scale, or under what systemic 
constraints frontier research proceeds.
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Despite the numerous initiatives aimed at estab-
lishing a global governance framework for AI— 
including, the UNESCO Recommendation on the 
Ethics of Artificial Intelligence,177 the WEF Presidio 
Recommendations on Responsible Generative 
AI,178 and the UN AI Advisory Board179—to date, 
none have been successful in shaping the trajec-
tory of AI development. Calls for pausing exper-
iments on AI have largely gone unheard,180 and 
scenarios describing the existential threat posed 
by general AI—and more seriously, by superhuman 
intelligence—have failed to materially influence the 
direction or pace of AI development. The lack of 
governance frameworks and norms for account-
ability risks accelerating a race to the bottom, 
where the competitive pressure to develop AI en-
courages speed over safety.181

There are four structural barriers to coopera-
tion that can explain the failure to regulate AI at 
global level.

1.	 Corporate concentration and the erosion 
of public-interest AI research: Fundamental 
and applied research in this area have advanced 

rapidly, with activity increasingly concentrated 
in the hands of corporate actors, whose incen-
tives are primarily driven by profit maximization, 
rather than universities and public research in-
stitutions, which are traditionally oriented toward 
the generation of public goods and broader so-
cietal benefits. In this scenario, states are weak 
against corporate actors that have every incen-
tive to develop and deploy increasingly powerful 
models with few guardrails in place.182

2.	 Weakening multilateralism and the rise of 
competitive AI deregulation: Mounting pres-
sures on multilateralism, which forms the foun-
dation of global governance and is increasingly 
contested,183 make an international agreement 
on AI seem unlikely. As multilateralism weakens, 
states become less willing—and in some cases 
less able—to cooperate on shared regulatory ap-
proaches. Instead, they are pushed into compet-
itive dynamics in which AI development is framed 
as a strategic and economic race.184 Competing 
states are thus more likely to identify incentives 
not to regulate collectively; furthermore, they are 
even less likely to regulate domestically for fear 

11.1 STRUCTURAL BARRIERS
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of imposing unnecessary burdens on innovation 
or pushing innovation elsewhere.185

3.	 Opacity in AI systems and the challeng-
es of ensuring safety: Gaps in understanding 
of why AI models generate particular outputs 
complicate efforts to assess and assure safety, 
making it difficult to provide credible guarantees 
regarding AI systems’ behaviors. 186 This opaci-
ty constrains the design of effective governance 
mechanisms, especially vis-a-vis the uncertainty 
of how AI develops in the future.
4.	 Divergent risk perceptions and barriers to 
global AI governance: The incomplete assess-
ment of the practical consequences of advanced 
AI systems, combined with contested estimates 
regarding the timeline for the emergence of hu-
man-level or superhuman intelligence, contrib-
utes to the formulation of contradicting priorities 
and divergent perceptions of urgency among 
governments. This misalignment, in turn, ham-
pers progress toward the establishment of a 
global AI governance framework.187

Overcoming these structural barriers requires a 
sequenced approach: first building shared under-

standing of AI capabilities and associated risks, 
then containing existential threats, and ultimately 
establishing durable institutional guardrails. This 
report therefore proposes a phased roadmap to-
ward global AI governance structured around three 
interdependent stages, namely scientific alignment, 
precautionary safeguards to prevent irreversible 
harm, and long-term global coordination through a 
binding but adaptable framework.
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This phase addresses epistemic fragmentation. It 
creates a shared scientific foundation for AI capa-
bilities and risks, which in turn lowers the political 
barriers to cooperation. From this perspective, sci-
entific alignment becomes the necessary precursor 
to regulatory alignment.

The first practical step is to establish a shared un-
derstanding of AI’s existing risks and capabilities. 
This roadmap prioritizes scientific cooperation over 
the immediate construction of a legal framework for 
two reasons: first, a unified scientific foundation is a 
prerequisite for developing robust, evidence-based 
legislation; second, the current crisis of multilateral-
ism makes a global treaty unlikely in the short-term, 
whereas even under these conditions, scientific col-
laboration can be advanced successfully.

The foundational step toward a shared scientific 
understanding of AI began in August 2025, when 
the United Nations established the Independent 
International Scientific Panel on Artificial Intelli-
gence (resolution A/RES/79/325).188 Conceived as 
an AI-focused analogue to the Intergovernmental 
Panel on Climate Change (IPCC), the Panel will pro-
vide a common scientific baseline to inform policy 
decisions and facilitate international coordination.

Alongside the UN Panel on AI, we suggest creating 
an AI Expert Technical Laboratory, whose function-
ing would be similar to a ‘CERN for AI,’189 which has 
gained significant political traction, recently enter-
ing the European Union’s official policy agenda.190 

To avoid duplication and ensure responsiveness to 
relevant challenges, the AI Expert Technical Labo-
ratory would coordinate closely with the UN Panel 
on AI to identify critical research gaps and stra-
tegic priorities. While the Panel should focus on 
assessing existing risks and opportunities, the AI 
Expert Technical Laboratory should be leveraged 
as a rigorous environment for testing frontier AI 
models and fostering innovation, while ensuring all 

innovation is anchored in safety and in pursuit of 
shared societal benefits. 

The efforts of the UN Panel and AI Expert Techni-
cal Laboratory will serve as a foundation for policy-
makers in the medium term. Their scientific assess-
ments of the risks that AI poses to humanity will en-
able policymakers to make informed decisions and 
to better understand the relationship between AI 
development and its associated risks. This, in turn, 
will facilitate cooperation at the policy level, which 
will be essential in the medium term.

The UN Panel and the AI Expert Technical Labora-
tory should remain operational throughout the me-
dium- and long-term governance phases. Their sci-
entific support to policymakers, and their capacity 
to advance research grounded in safety and shared 
societal benefits, are critical for identifying the most 
effective policy and regulatory options. 

11.2 SHORT TERM:
ESTABLISHING A SHARED SCIENTIFIC 
BASELINE
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2.	 Safety thresholds: After pausing certain 
categories of AI research, the framework must 
establish clear thresholds to decide if and when 
these restrictions can be lifted.
3.	 Inclusive multi-stakeholder processes: 
This period creates the space needed to bring 
together states, industry, and civil society to 
translate scientific insights into durable gover-
nance arrangements.

An interim governance framework that focuses nar-
rowly on these three specific pillars is more likely to 
succeed than a comprehensive framework. Indeed, 
although broad agreements have the potential for 
the greatest overall policy impact, they are extreme-
ly difficult to negotiate. In contrast, narrow agree-
ments that address well-defined problems are often 
more effective in driving policy change.192

To operationalize these three pillars, responsibilities 
should be clearly allocated across scientific bodies, 
governments, and private actors:

	● The UN AI Scientific Panel and the AI Expert 
Technical Laboratory would continue to play 
complementary epistemic roles. The AI Expert 
Technical Laboratory evaluates frontier AI sys-
tems, develops technical safety benchmarks, 
and conducts human-safety aligned research. 
The Panel synthesizes global knowledge, as-
sesses systemic risks, and reviews safety 
thresholds to ensure alignment with societal 
considerations.
	● National governments would translate this tech-
nical evidence into binding international policy 
measures. This would include negotiating and 
implementing a multilateral temporary restriction 
on training models above specified compute or 
capability thresholds. In parallel, governments 
would convene multilateral forums for coordinat-
ed dialogue (e.g., via the Global Dialogue on AI 
Governance, UN Resolution A/RES/79/325.)193

The interim phase represents a shift from knowledge 
production to risk containment. As AI research ad-
vances toward increasingly powerful models, scien-
tific cooperation will not be enough to ensure global 
safety, unless it is supported by a shared vision and 
clear guardrails outlining how these systems should 
be developed.

The interim framework acts as an international co-
ordination mechanism, complementing domestic 
sectoral and cross-cutting measures, and bridg-
ing the gap between rapid technological advance-
ment and slow institutional consensus. Its central 
purpose is to reduce the likelihood of irreversible 
harm from misaligned AI systems as capabilities 
approach AGI, and potentially, ASI.

A “wait-and-see” approach is untenable under con-
ditions of profound uncertainty. Delays could narrow 
effective policy options, while a fully negotiated global 
framework may take too long to establish. Interim gov-
ernance addresses near-term risks while preparing for 
long-term, consensus-based regulation.

The interim AI safety governance framework should 
be based on three pillars:

1.	 Harm prevention: The main objective of 
such an interim AI governance framework 
would be harm prevention. In practical terms, 
this translates into binding international restric-
tions—or even temporary bans—on certain cat-
egories of advanced AI research that could lead 
to AGI or ASI. It would draw on precedents from 
international regimes governing biological and 
chemical weapons.191 Such measures would 
impose a temporary pause on advanced AI re-
search to ensure that collective decision-mak-
ing about the future direction, boundaries, and 
purpose of AI development precedes further 
technological escalation.

11.3 MEDIUM TERM:
THE INTERIM AI SAFETY GOVERNANCE 
FRAMEWORK
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The final stage of the roadmap is the adoption 
of a framework convention on AI and the imple-
mentation of a durable global governance frame-
work to guide technological advancement in ac-
cordance with internationally agreed guardrails. 
This architecture operates above the sectoral 
and cross-domain regulations and policy inter-
ventions, establishing the conditions under which 
national and regional measures remain coherent, 
adaptive, and enforceable.

The framework would address risks to safety, so-
cietal well-being, and environmental sustainability, 
since effective sustainability transitions depend 
on safeguards across all three domains. Ensuring 
safety means preserving human agency, keeping 
AI under human control, and establishing globally 
agreed thresholds. Societal well-being involves pro-
moting fairness, human rights, and social cohesion, 
while environmental alignment requires minimizing 
ecological harm and greenhouse gas emissions.194

Building on these objectives, specific institutional 
design requirements underpin a stable and legiti-
mate global AI governance system.

1.	 Adaptive governance mechanisms and itera-
tive learning

Adaptability ensures that governance mechanisms 
remain responsive to capability shifts and do not 
become obsolete as AI systems evolve.195 The AI 
global governance framework should therefore 
allow for iterative updates as new risks emerge and 
evidence about impacts accumulates. To bridge 
the gap between technical developments and poli-
cy responses, states should continue to rely on the 
expertise of the UN Panel on AI and the AI Expert 
Technical Laboratory.

2.	 Adaptive governance mechanisms and itera-
tive learning

Structured coordination reduces fragmentation and 
mitigates competitive regulatory arbitrage. Global 
AI governance should integrate multi-level coordi-
nation among national governments, regional insti-
tutions, and global bodies. The global level will cre-
ate alignment while providing the necessary flexi-
bility for states and regions to tailor their domestic 
approaches to their unique jurisdictional needs.196

For instance, countries may prioritize specific sec-
tors, such as healthcare over labor; determine the 
degree to which competition policy should be uti-
lized to dismantle market concentration; establish 
direct oversight on data practices; implement ro-
bust consumer protection norms; or define clear 
standards for manufacturer responsibility.

Global AI governance should also strengthen 
multi-stakeholder coordination across industry, civil 
society, and technical experts, to ensure legitimacy, 
reduce fragmentation, and strengthen consistent 
implementation of standards.197

3.	 Accountability and sustainability alignment
To ensure that compliance is not solely normative 
but also incentive-compatible, trade and market 
mechanisms could be incorporated into this global 
AI governance architecture. Following the example 
of the Montreal Protocol,198 compliance could be 
reinforced through trade-related measures.199 Ap-
plied to AI, similar mechanisms could require cer-
tification or compliance standards for cross-border 
transfers of AI models, data, or software. Respon-
sible AI practice would thus become a condition for 
participation in global digital markets rather than a 
voluntary norm.

11.4 LONG TERM:
THE GLOBAL AI GOVERNANCE
FRAMEWORK
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The governance phases outlined above establish a 
sequenced pathway from scientific alignment to du-
rable institutional coordination. The following policy 
recommendations translate each phase into practi-
cal and time-bound actions.

Each phase builds on the previous one:
	● The short-term focuses on epistemic alignment 
and infrastructure-building.
	● The medium-term introduces precautionary 
safeguards to prevent irreversible harm.
	● The long-term institutionalizes global coordina-
tion through a binding but adaptable framework.

This sequencing ensures that governance evolves 
in parallel with technological capability growth.

The following policy recommendations translate the 
governance phases into practical actions:

Short-Term (0–2 Years): Build the Scientific In-
frastructure
The first phase reduces epistemic fragmentation 
and creates a shared scientific foundation to sup-
port evidence-based governance. This means: 

	● Operationalizing the UN AI Scientific Panel and 
the AI Expert Technical Laboratory. 
	● Establishing formal coordination mechanisms 
between the UN Panel and the AI Expert 
Technical Laboratory (e.g., creating a joint 
steering committee with a defined division of 
responsibilities.) 

Medium-Term (2–4 Years): Implement an Interim 
Governance Framework
Once a shared scientific understanding has been 
established, governance must shift from knowl-
edge generation to precautionary risk contain-
ment. This entails:

	● Negotiating a multilateral temporary restriction 
on categories of AI research identified as high-
risk by the UN AI Scientific Panel. 
	● Developing measurable safety criteria for lifting 
restrictions, including robustness against mis-
use, controllability and interpretability bench-
marks, and demonstrated resistance to autono-
mous self-improvement.
	● Embedding multi-stakeholder governance col-
laboration mechanisms.

Long-Term (4-6 Years): Institutionalize Durable 
Global Governance
The final phase translates the institutional design 
requirements of the global AI governance architec-
ture into binding yet adaptable legal and economic 
instruments. This translates into:

	● Adopting a framework convention on AI Gov-
ernance that sets core and binding obligations 
for states while allowing adaptable national 
implementation.
	● Requiring certification for cross-border AI trans-
fers, making responsible AI practices a condition 
for participation in global digital markets.

11.5 TRANSLATING THE GOVERNANCE 
ROADMAP INTO POLICY ACTION
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AI is emerging amid complex crises—climate 
change, biodiversity loss, inequality, and conflict—
and is beginning to reshape these dynamics in ways 
that are difficult to predict. Its rapid advancement 
creates extraordinary potential to accelerate both 
societal progress and systemic harm.

The rapid diffusion of AI across key domains—
planetary environment, energy systems, industry 
and labor, finance, and democracy and societal 
resilience—has outpaced our scientific under-
standing and regulatory capacity. This asymme-
try creates a “black box” effect that threatens to 
amplify systemic risks driven by AI, such as misin-
formation, job displacement, and wealth concen-
tration. As AI systems approach autonomous, su-
perhuman capabilities, the danger of losing human 
control becomes a transboundary and potentially 
irreversible threat.

However, AI-related harms are not inevitable. To 
navigate this uncertainty, this report advocates 
for a phased roadmap toward global governance. 
Starting with a shared scientific baseline and 
moving toward a binding international framework, 
the proposed global AI governance strategy 
would establish universal safety thresholds that 
protect both social equity and planetary boundar-
ies. Governance is the central lever: without it, AI 
risks accelerating unsustainable trajectories; with 
it, we can steer this general-purpose technology 
toward becoming a powerful tool for inclusive and 
resilient global development. 

Ensuring that AI systems advance societal goals 
requires multistakeholder coordination. Integrat-
ing science, policy, and ethical principles allows us 
to chart a path that harnesses AI’s potential while 
safeguarding human and planetary well-being.

12. CONCLUSION
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For each sector, the analysis is based on a literature 
review as well as expert interviews with academics 
and practitioners, which were focused on under-
standing the speed, direction and impact of AI on 
society as a whole.

Literature was identified using targeted searches 
on Google, Google Scholar, and Columbia Uni-
versity’s Library Catalogue (CLIO) with keywords 
relating to AI, biodiversity, energy, labor, finance, 
manufacturing, democracy, AI ethics, global gov-
ernance, and superhuman intelligence. Using the-
matic analysis, we identified recurring patterns 
and organized them into key themes, which were 
subsequently developed into a coherent narrative 
during the drafting phase.

For the expert interviews, interviewees were first 
identified through the literature review and within 
our network (purpose sampling). Whenever some of 
the identified experts were unavailable, we applied 

a snowball sampling approach, identifying addition-
al interviewees on the basis of referrals. While ef-
forts were made to capture a range of perspectives 
across regions, the resulting interviewees sample 
is weighted towards AI and sector-specific experts 
based in the Global North. For this reason, the sam-
ple should not be considered statistically represen-
tative of the broader field. For these interviews, we 
adopted the methodology of semi-structured in-
terviews. We interviewed a total of five experts be-
tween January 28 and February 28, 2026. 

AI was used to support this research. We used 
Gemini 3, ChatGPT 5.2, and Claude to synthe-
tize the literature review and make the draft report 
clearer. We used Otter AI to transcribe the inter-
views. All literature was reviewed by members of 
our research team, and all transcripts were manu-
ally edited. This report has been written, reviewed, 
and validated by the human researcher team at 
CCSI and Hitachi.

ANNEX I
METHODOLOGY

Annex I M
ethodology
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Over the past few years, distinct regulatory approaches have emerged: while the European Union and 
South Korea have codified overarching law, the United States and China exhibit more agile, deregulated, or 
use-case-specific frameworks. The following analysis examines how these major jurisdictions are navigating 
AI governance.

ANNEX II
COMPARATIVE PERSPECTIVES 
ON NATIONAL AND REGIONAL 
AI GOVERNANCE
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EUROPEAN UNION

The EU AI Act (Regulation (EU) 2024/1689 laying 
down harmonized rules on artificial intelligence) is 
the first-ever comprehensive legal framework on 
AI worldwide. The Act is designed as a piece of 
adaptive legislation, leaving many details intention-
ally vague to permit later adaptation as technology 
changes. At its core is a risk classification system, 
which attributes the majority of responsibility to the 
developers of AI systems. On the basis of its risks, 
the Act distinguishes: 

	● When it presents unacceptable risks, AI prac-
tices are prohibited (Article 5), e.g., AI systems 
used to detect the emotional state of individu-
als in situations related to the workplace and 
education (Recital 44).
	● When risk is considered high (Article 6), the 
regulation establishes obligations for develop-
ers and deployers. For example, developers 
are required to establish, implement, document 
and maintain a risk management system (Arti-
cle 9). High-risk AI systems must be designed 
and developed so that they can be effectively 
overseen by humans during the period in which 
they are in use (Article 14).
	● When risks are limited, the regulation establish-
es lighter transparency obligations, such that 
developers and deployers must ensure that 
end-users are aware that they are interacting 
with AI (Article 50).
	● Minimal risk is unregulated.

Specific requirements are also established for 
general purpose AI (GPAI i.e. AI models that can 
competently perform a wide range of distinct tasks 

regardless of the way the model is placed on the 
market, and that can be integrated into a variety of 
downstream systems or applications,) especially 
with regards to maintaining technical documenta-
tion and providing information to downstream pro-
viders (Article 53).

To stimulate innovation, the EU also requires 
member states to create at least one AI regulato-
ry sandbox at the national level (Article 57). With 
the goal of fostering innovation while identifying 
and mitigating any risks, sandboxes are con-
trolled environments where AI systems can be 
developed, tested, and validated before being 
released to the market. 

Finally the EU AI Act establishes: 
	● AI Office to develop expertise and capabilities in 
the field of AI (Article 64).
	● Scientific Panel of Independent Experts, which, 
in support of the AI Office, will alert them about 
potential risks, help develop evaluation tools, 
and advise on the classification of AI models 
(Article 68).
	● European Artificial Intelligence Board to assist 
and advise the Commission and Member States 
in applying the regulation effectively and consis-
tently (Article 66). 
	● Advisory Forum, composed of a balanced mix 
of stakeholders from industry, start-ups, SMEs, 
civil society, and academia, to provide technical 
expertise and advice to the Board and the Com-
mission (Article 67). 
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SOUTH KOREA

South Korea is the second jurisdiction in the world, 
following the EU, to enact a comprehensive regu-
latory law on AI. The Framework Act on the Devel-
opment of Artificial Intelligence and Establishment 
of Trust Foundation (AI Framework Act) integrates 
nineteen bills, was approved in 2024, and took ef-
fect in January 2026. The law aims to promote mar-
ket-led innovation, but also emphasizes safety, reli-
ability, and civil rights, merging specific regulations 
with promotional measures.

The Act defines AI as “the electronic implementa-
tion of human intellectual abilities such as learning, 
reasoning, perception, judgment, and language un-
derstanding;” and AI systems as “AI-based systems 
that infer outputs such as predictions, recommen-
dations, and decisions that affect real and virtual 
environments for given objectives, with varying lev-
els of autonomy and adaptability.” The legislation 
provides broad support for the entire AI ecosystem 
and establishes oversight for generative AI (i.e. “AI 
systems that generate various outputs such as text, 
sound, images, and videos by mimicking the struc-
ture and characteristics of input data”) and high-im-
pact AI. The latter covers eleven sensitive areas 
where AI could pose significant risks to human life, 
safety, or fundamental rights. High-impact AI oper-
ators must implement safety measures and, when 
providing products or services using high-impact 
AI, must evaluate the potential impacts on individu-
als’ fundamental rights in advance.

The Ministry of Science and ICT is the main au-
thority responsible for AI policy implementation, 

while the National AI Committee, under the presi-
dent, deliberates and decides on AI policies. The 
AI Policy Center and AI Safety Institute support 
policy implementation. 

The act also established promotional measures, 
outlining a comprehensive roadmap for national 
growth, including special support for SMEs and 
startups, the creation of AI clusters, the develop-
ment of a professional workforce, and the promo-
tion of dedicated AI data centers.

The act mandates transparency obligations, in-
cluding prior notification to users when providing 
products or services using high-impact or gener-
ative AI. It also mandates labeling requirements 
for generative AI outputs, namely labels that dis-
tinguish between AI-generated and human-gen-
erated content. AI systems with cumulative com-
putational power above a certain threshold must 
implement risk identification, assessment, and 
mitigation measures throughout the AI life cycle. 
Additionally, they must establish a risk manage-
ment system to monitor and respond to AI-related 
safety incidents. 

Compared to the EU AI Act which defines a risk-
based approach, the AI Framework Act targets spe-
cific AI models, primarily high-impact AI, generative 
AI, and high-performance AI systems. These mod-
els are specifically identified as regulatory subjects 
because of  the cumulative computational power 
used for their learning.
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CHINA

China’s approach to AI governance and regulation 
is a hybrid between the centralized approach of 
the EU and the decentralized approach in the US. 
China has favored laws tailored to specific use-cas-
es, ranging from data security and cybersecurity to 
recommendation algorithms. 

In 2015, China launched “Made In China 2025” 
(MIC2025), a national strategic plan to establish the 
country as a global leader in technologies like AI. A 
key component of this strategy involved support-
ing small- and medium-sized enterprises (SMEs) 
identified as primary drivers of innovation. The 
practical application of Chinese AI policy reveals 
a tiered enforcement strategy, with large compa-
nies expected to fully comply with AI regulations, 
while SMEs and startups are informally granted 
regulatory leeway to prevent heavy regulation from 
stifling innovation. This approach is intended to 
promote economic growth, innovation, and inter-
national competitiveness.

In 2023, several Chinese agencies jointly released 
the Interim Measures for the Management of 
Generative Artificial Intelligence Services (the “AI 
Measures”), which is the first administrative reg-
ulation on the management of generative AI ser-
vices. In 2025, new “Labeling Rules” came into 
effect, making it mandatory for AI-generated con-

tent to be implicitly labeled, and explicitly labeled 
where applicable. In addition, China jointly re-
leased three national standards aimed at enhanc-
ing the security and governance of generative AI. 
The “AI Measures” do not provide a clear defini-
tion of “AI,” but define “generative AI technology” 
as models and related technology that have the 
ability to generate text, images, audio, videos, or 
other content.

While China was initially expected to adopt a com-
prehensive, high-level AI law, such a law does not 
seem to be part of the political agenda anymore. 
Beijing seems to prioritize pilot programs and tar-
geted measures over a rigid overarching statute, 
preserving regulatory flexibility, and allowing the 
technology to mature without being stifled by pre-
mature restrictions. The risk of this approach is 
that, in the absence of an overall law, companies 
are caught in a web of inconsistent and often con-
tradictory rules.

Although formal legislation has stalled, stan-
dard-setting bodies are shaping the technical ar-
chitecture for model evaluation, watermarking, and 
cybersecurity. This shifts the focus from broad legal 
principles to technical requirements, effectively 
governing through “hard-coding” expectations into 
the technology itself.
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UNITED STATES

The landscape of U.S. AI governance has under-
gone a dramatic transformation, shifting from a 
distributed risk-management model to a central-
ized strategy focused on rapid development and 
global dominance.

In 2023, the U.S. established a comprehensive fed-
eral framework through Executive Order (EO) 14110. 
Rather than adopting the centralized, top-down 
models seen in the EU or China, the U.S. utilized 
a distributed approach. The EO tasked over fifty 
federal agencies with building regulatory capacity 
and integrating AI into operations across eight core 
policy areas, ranging from safety and privacy to civil 
rights and worker support. This federal effort was 
complemented by a surge in activity at the local 
level, with various states (such as e.g., Colorado 
and Texas) and several municipalities debating or 
passing their own AI regulations.	

This trajectory shifted following the 2025 presiden-
tial transition. The new administration rescinded EO 
14110 and introduced “Winning the Race: America’s 
AI Action Plan” (Action Plan), a strategy that prior-
itizes deregulation and accelerated innovation over 
risk mitigation.

To support this new direction, the administration is-
sued three binding orders designed to restrict the 
federal procurement of “biased” AI models, stream-
line permitting processes for critical AI infrastruc-
ture and data centers, and establish a global export 
strategy to solidify U.S. market leadership. The Ac-
tion Plan suggests a reluctance to implement sub-
stantive AI laws at the federal level, while a debate 
within Congress continues regarding a potential 
federal “moratorium” to temporarily preempt most 
state-level AI legislation.

In the absence of a federal-level law, California 
introduced a state law focused on “frontier” AI 
systems. In September 2025 California adopted 
SB 53 - Transparency in Frontier Artificial Intelli-

gence Act (TFAIA), targeting the most advanced 
developers, and establishing a risk reporting 
model. SB 53 comes after the SB 1047 - Safe 
and Secure Innovation for Frontier AI Models 
Act, which was vetoed and was never signed into 
law. Although SB 53 technically applies to only a 
handful of developers, its practical impacts are 
likely to ripple throughout the AI ecosystem, and 
beyond California. 

SB 53 targets “frontier” AI systems, namely founda-
tion models trained at extraordinary computational 
scales (i.e., computing power greater than 10^26 
integer or floating-point operations, “FLOPs”,) tar-
geting firms whose models could produce cata-
strophic outcomes if misused or misaligned. The 
law defines “catastrophic risk” as the foreseeable 
risk that a model might:

	● Cause death or serious injury to 50 or more peo-
ple, or greater than $1 billion in damages;
	● Provide expert-level assistance in creating or 
releasing a chemical, biological, radiological, or 
nuclear weapon;
	● Autonomously commit major crimes or cyberat-
tacks; or
	● Evade control by developers or users.

SB 53 establishes specific obligations for frontier 
and large frontier AI developers. In particular:

	● Large developers must publish an annual frame-
work detailing governance, cybersecurity, and 
risk mitigation strategies.
	● All frontier developers must issue reports on 
model capabilities, limitations, and risk assess-
ment results before deployment.
	● Developers must report safety incidents to the 
appropriate public safety authority within 15 
days of discovering the incident, or 24 hours if 
the incident presents imminent risk of death or 
serious injury.
	● Employers must provide anonymous reporting 
channels for risk concerns and are prohibited 
from retaliating against whistleblowers.
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While each of the regulatory approaches described 
possess distinct strengths and weaknesses, none 
are sufficient to ensure the safe development and 
deployment of AI on a global scale. Because AI’s 
societal impacts are far-reaching and transcend na-
tional borders, its regulation is inherently a global 
challenge. Regardless of how effective a framework 
may be within a specific domestic context, the ab-

sence of global governance exposes humanity to 
risks that no single nation can manage in isolation. 
Since a restriction in one jurisdiction is not binding 
in another, the absence of a global AI framework al-
lows AI models to be developed and tested in those 
regions where minimal safeguards and public over-
sight are prescribed.
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Topic European Union South Korea China United States 
— Federal

United States 
— California

Type of 
Framework

Main 
Approach

Prohibited / 
Strict Uses

Developer 
Duties

Developer 
Duties

Innovation 
Measures

Comprehensive 
AI law

Comprehensive 
AI law

No single 
comprehensive AI 
law; targeted rules

No comprehensive 
AI law

Comprehensive 
AI law

Risk-based 
system

Targets specific AI 
types (high-im-
pact, generative, 
high-compute)

Use-case specific 
and stan-
dards-based

Accelerated 
innovation & 
deregulation

Frontier-model 
risk regulation

Unacceptable risk 
is prohibited 

High-impact AI 
requires safety 
measures and 
rights impact 
assessment

Generative AI 
services regulated

Not specified Frontier models 
that could enable 
catastrophic 
harms

Risk management, 
human oversight, 
documentation 

Safety measures, 
impact evalua-
tions, lifecycle risk 
management for 
high-compute AI

Compliance with 
generative AI 
measures and 
technical 
standards

Federal procure-
ment limits on 
“biased” AI, 
infrastructure and 
export orders

Risk frameworks, 
capability and risk 
reports, incident 
reporting, 
whistleblower 
protections

Users informed 
when interacting 
with AI, GPAI 
documentation

User notice and 
labeling for 
generative AI 
outputs	

Mandatory 
labeling of 
AI-generated 
content

Not specified Mandatory model 
capability and risk 
reports before 
deployment

Mandatory 
national AI 
sandboxes

SME/startup 
support, AI 
clusters, work-
force, data centers

SME support  and 
regulatory leeway 
and pilot pro-
grams

Deregulation and 
accelerated 
innovation 
strategy

State-backed 
public compute 
cluster (CalCom-
pute planned)
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