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Ethical Use and Global Regulation 
of AI 
Artificial Intelligence has rapidly become one of the most transformative forces 
shaping the global economy, security landscape, and governance structures. As 
AI technologies expand across industries and public institutions, they introduce 
both unprecedented opportunities and complex risks. In this context, the G20 — 
representing the world’s largest economies — plays a critical role in fostering 
coordinated approaches to ethical standards, regulatory frameworks, and 
security cooperation in the age of artificial intelligence. 

1.Introduction: AI as a Global Governance Issue 
Artificial Intelligence (AI) has transitioned from a technological breakthrough to 
a structural pillar of the global economic and political order. As identified in the 
OECD AI Principles (2019), AI systems are increasingly embedded in critical 
infrastructures, financial systems, healthcare services, defense sectors, and 
public administration mechanisms. This transformation elevates AI from an 
innovation policy issue to a matter of global governance and systemic stability. 

The Stanford AI Index Report (2024) highlights the rapid acceleration in AI 
deployment across both public and private sectors, demonstrating exponential 
growth in computational capacity, investment flows, and model capabilities. As 
AI systems become more autonomous and integrated into high-stakes 
decision-making processes, their societal impact expands beyond efficiency 
gains. The scale and speed of AI diffusion introduce cross-border risks that no 
single jurisdiction can effectively manage in isolation. 

Brookings Institution analyses emphasize that AI governance must evolve into 
a coordinated international architecture rather than fragmented national 
frameworks. Without alignment, regulatory divergence may lead to compliance 
burdens, market distortions, and regulatory arbitrage. For the 
G20—representing both advanced industrialized economies and emerging 
markets—AI governance is therefore not optional but foundational to economic 
resilience, technological competitiveness, and geopolitical stability. 

2.The Cross-Border Nature of AI Systems 
AI systems operate through transnational data ecosystems. Training datasets 
often originate from multiple jurisdictions, processed in cloud infrastructures 
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hosted in different regions, and deployed in markets far removed from the 
development site. According to the World Economic Forum (WEF), digital supply 
chains for AI are inherently global, making jurisdictional oversight complex and 
fragmented. 

2.1. Cross-Border Data Flows 

AI development depends heavily on large-scale data aggregation. UNESCO’s 
Recommendation on the Ethics of Artificial Intelligence (2021) underscores that 
data collection practices frequently transcend national boundaries, raising 
concerns about consent, data sovereignty, and equitable access. The mobility of 
data creates asymmetries between technologically advanced states and 
developing economies, particularly regarding infrastructure dependency and 
computational capacity. 

For G20 members, which collectively generate the majority of global digital 
traffic, harmonized standards for data governance become essential to prevent 
regulatory gaps and systemic vulnerabilities. 

2.2. Regulatory Fragmentation 

Major global actors have adopted differing regulatory strategies. The European 
Union has implemented a risk-based framework emphasizing fundamental 
rights. The United States has prioritized market-led innovation supported by 
executive guidance and sectoral regulations. China has introduced centralized 
oversight with algorithmic registration and state supervision mechanisms. 

OECD policy analyses warn that regulatory fragmentation can reduce 
interoperability and increase compliance costs for multinational firms. 
Divergent liability regimes and safety standards also complicate global AI 
deployment. In the absence of coordinated standards, regulatory competition 
may intensify geopolitical tensions rather than mitigate risks. 

2.3. Need for Harmonized Minimum Standards 

Brookings research on global AI governance proposes a networked regulatory 
architecture that enables coordination without eliminating national autonomy. 
Minimum global standards—such as transparency requirements, risk 
classification frameworks, and audit mechanisms—could provide baseline 
protection while allowing policy flexibility. 
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For the G20, which includes both rule-setting economies and rapidly digitalizing 
markets, harmonization is not about uniformity but about compatibility. 
Establishing interoperable governance frameworks would reduce systemic risk 
and strengthen trust in AI-driven economic transformation. 

3. Ethical Foundations of AI Governance 
Ethical governance frameworks increasingly converge around shared principles 
articulated by OECD, UNESCO, and the Global Partnership on AI (GPAI). These 
principles emphasize human-centricity, fairness, accountability, and 
transparency. 

3.1. Human-Centric AI 

OECD’s AI Principles state that AI systems should benefit people and the planet 
by driving inclusive growth and sustainable development. Human-centric 
governance requires meaningful human oversight in high-risk domains such as 
healthcare diagnostics, judicial systems, and social welfare allocation. 

3.2.  Algorithmic Bias and Discrimination 

The Stanford AI Index documents persistent bias in large-scale models, 
particularly in recruitment algorithms, facial recognition systems, and credit 
scoring tools. Biased training datasets risk reinforcing structural inequalities. 
UNESCO highlights that without corrective mechanisms, AI deployment may 
deepen socio-economic disparities rather than mitigate them. 

Preventing algorithmic discrimination requires robust dataset diversity, 
independent auditing mechanisms, and impact assessments prior to 
deployment in sensitive sectors. 

3.3. Transparency and Explainability 

Many advanced AI models operate as opaque “black-box” systems. WEF 
research emphasizes that explainability is central to maintaining institutional 
trust and democratic accountability. In high-risk applications, affected 
individuals must have access to understandable explanations of automated 
decisions. 
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Transparency mechanisms—including documentation requirements, algorithmic 
audit trails, and disclosure obligations—are therefore fundamental to ethical AI 
governance. 

3.4. Accountability and Liability 

Liability frameworks remain underdeveloped globally. When AI systems cause 
harm—whether through faulty medical diagnosis or financial 
miscalculation—determining responsibility can involve developers, deployers, 
data providers, and platform operators. 

OECD policy discussions stress the need for clear accountability chains to 
ensure legal certainty and victim compensation mechanisms. Without liability 
clarity, AI adoption may undermine public trust and slow innovation. 

4. Human Rights and Fundamental Freedoms 
AI deployment increasingly intersects with internationally recognized human 
rights standards. 

4.1. Privacy and Surveillance 

Facial recognition technologies and biometric identification systems raise 
concerns about mass surveillance. UNESCO warns that disproportionate data 
monitoring may undermine civil liberties if not regulated with strict 
proportionality safeguards. 

4.2. Freedom of Expression 

Generative AI systems enable large-scale content production. While beneficial 
for innovation, they also facilitate disinformation campaigns and synthetic 
media manipulation. WEF reports indicate that AI-generated misinformation 
poses growing threats to democratic stability. 

 

 

4.3. Equality Before the Law 
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Predictive policing systems and automated judicial risk assessments may 
introduce bias into legal processes. Safeguards must ensure that AI enhances 
rather than erodes fairness in judicial systems. 

5. Dual-Use Dilemmas 
AI technologies are inherently dual-use. Civilian innovations may be repurposed 
for military or coercive applications. Brookings and RAND analyses highlight the 
increasing integration of AI into defense planning, intelligence analysis, and 
autonomous systems. The absence of shared norms regarding military AI use 
increases escalation risks and strategic instability. 

For the G20, addressing dual-use challenges requires transparency measures, 
confidence-building mechanisms, and potentially shared principles regarding 
autonomous weapons and AI-enabled warfare. 

6. Innovation versus Regulation 
Balancing innovation with oversight remains a core policy dilemma. 
Overregulation may hinder competitiveness, while underregulation may 
generate systemic risk. 

OECD research suggests regulatory sandboxes and adaptive governance 
models as mechanisms to preserve innovation while ensuring safety. For 
emerging G20 economies, regulatory flexibility must coexist with international 
compatibility. 

7. Policy Implications for the G20 
Given its composition and economic weight, the G20 is uniquely positioned to 
facilitate coordination on AI governance. Potential policy directions include: 

● Establishing minimum global transparency standards 
● Coordinating risk classification frameworks 
● Supporting capacity-building in developing economies 
● Creating shared audit and monitoring platforms 
● Promoting multistakeholder governance mechanisms 

AI governance must be framed not only as a technological necessity but as a 
structural pillar of global economic stability and geopolitical balance. 
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8. G20 Member Perspectives on Ethical AI Governance 

8.1. Argentina 

Argentina approaches AI governance primarily from an economic 
modernization and institutional strengthening perspective. Regulatory 
discussions focus on aligning with international ethical standards while 
promoting innovation within domestic industries. In the G20 framework, 
Argentina supports multilateral cooperation and knowledge-sharing 
mechanisms to enhance responsible AI development in emerging economies. 

8.2. Australia 

Australia emphasizes responsible AI development grounded in democratic 
values and rule-of-law principles. The country has advanced AI ethics 
frameworks and focuses on transparency, accountability, and public trust. 
Within the G20, Australia supports coordinated safety standards and 
international collaboration, particularly in cybersecurity and risk mitigation. 

8.3. Brazil 

Brazil frames AI governance within a human rights and social inclusion context. 
Influenced by its General Data Protection Law (LGPD), Brazil prioritizes privacy, 
accountability, and equitable access to digital technologies. In G20 discussions, 
Brazil advocates balanced regulatory models that combine innovation 
incentives with social safeguards. 

8.4. Canada 

Canada has positioned itself as an early proponent of responsible AI, 
supporting the OECD AI Principles and advancing a national AI strategy. 
Canadian governance emphasizes ethical safeguards, transparency, and public 
trust. Within the G20, Canada promotes harmonized standards and multilateral 
cooperation on AI oversight. 

8.5. China 

China applies a state-centric governance model integrating innovation 
promotion with centralized oversight. Algorithmic registration requirements and 
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content governance reflect priorities related to national security and social 
stability. Within the G20, China emphasizes sovereign regulatory autonomy 
while engaging in dialogue on global AI norms. 

8.6. France 

France combines regulatory safeguards with strategic investment in AI research 
and industrial competitiveness. As part of the European Union framework, 
France supports risk-based regulation and fundamental rights protections. In 
the G20 context, France promotes coordinated governance and technological 
sovereignty. 

8.7. Germany 

Germany prioritizes industrial reliability, safety standards, and structured 
regulatory oversight. Aligning with the EU AI Act, Germany advocates 
harmonized governance mechanisms to ensure competitiveness and systemic 
risk mitigation within the global AI ecosystem. 

8.8. India 

India views AI as a catalyst for digital inclusion and economic development. 
With expanding digital public infrastructure, India emphasizes accessibility, 
affordability, and capacity-building. In the G20 framework, India advocates 
equitable AI access and avoidance of technological monopolization. 

8.9. Indonesia 

Indonesia approaches AI governance through digital transformation and 
economic diversification strategies. Regulatory systems are evolving, with 
emphasis on data governance and institutional capacity. Within the G20, 
Indonesia highlights inclusive growth and developmental perspectives. 

8.10. Italy 

Italy aligns with the European Union’s risk-based AI regulatory model while 
emphasizing industrial modernization and public-sector digitalization. In G20 
discussions, Italy supports harmonized standards and collaborative governance 
frameworks. 
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8.11 .Japan 

Japan promotes a “human-centered AI” approach consistent with its Society 
5.0 vision. Governance priorities include international interoperability, ethical 
innovation, and technical standardization. Japan frequently acts as a bridge 
between regulatory and innovation-oriented approaches within the G20. 

8.12. Mexico 

Mexico focuses on AI as a tool for economic modernization and public-sector 
efficiency. Regulatory frameworks are developing, emphasizing digital rights 
and capacity-building. In the G20 context, Mexico supports cooperative 
frameworks that strengthen emerging digital economies. 

8.13. Russia 

Russia frames AI governance primarily through national security and 
technological sovereignty considerations. State-led development and strategic 
autonomy remain central priorities. Within the G20, Russia emphasizes 
regulatory independence while participating in multilateral discussions. 

8.14. Saudi Arabia 

Saudi Arabia integrates AI governance into its Vision 2030 transformation 
agenda. AI is viewed as a strategic driver of economic diversification and smart 
governance. In G20 discussions, Saudi Arabia supports innovation-focused 
frameworks and international standard-setting engagement. 

8.15. South Africa 

South Africa approaches AI governance from a developmental and 
rights-based perspective. Priorities include digital inclusion, equitable access, 

and bridging technological divides. Within the G20, South Africa advocates 
international support mechanisms for emerging economies. 

 

8.16. South Korea 
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South Korea emphasizes AI as a driver of industrial competitiveness and 
technological leadership. Governance balances innovation incentives with 
safety oversight. In the G20 framework, South Korea supports international 
cooperation on cybersecurity and technical standards. 

8.17. Türkiye 

Türkiye views AI as a strategic instrument for economic modernization, defense 
innovation, and public-sector digitalization. National AI strategies emphasize 
technological self-reliance and research capacity-building. Within the G20, 
Türkiye supports cooperative governance mechanisms that preserve regulatory 
flexibility for emerging markets. 

8.18. United Kingdom 

The United Kingdom promotes a pro-innovation regulatory model emphasizing 
flexibility and adaptive governance. Rather than comprehensive legislation, the 
UK relies on sectoral regulators and guidance-based frameworks. Within the 
G20, the UK supports global AI safety discussions while maintaining regulatory 
agility. 

8.19. United States 

The United States adopts an innovation-driven approach prioritizing 
private-sector dynamism and technological leadership. Executive actions and 
rights-based guidance reflect growing attention to safety and civil liberties. In 
the G20 context, the U.S. supports cooperation on AI safety while resisting 
overly restrictive global regulation. 

8.20. European Union 

The European Union has positioned itself as a regulatory leader through the AI 
Act’s risk-based framework. Emphasizing fundamental rights, transparency, and 
accountability, the EU promotes harmonized global standards. Within the G20, 

the EU advocates coordinated governance mechanisms and minimum ethical 
safeguards. 
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Conclusion 
Artificial Intelligence governance requires international coordination to ensure 
ethical standards, transparency, and accountability. As AI technologies 
increasingly influence economic systems and public institutions, global 
cooperation becomes essential to balance innovation with responsible 
regulation. The G20 platform provides a critical space for developing shared 
principles for trustworthy AI. 

European Union AI Policies: 
Regulatory Architecture, Strategic 
Vision and Global Implications 
1. Historical and Political Context of the EU AI Act 
The European Union’s AI Act represents the first comprehensive attempt by a 
major economic bloc to regulate Artificial Intelligence through binding 
legislation. Proposed by the European Commission in April 2021 and politically 
agreed upon in 2023, the Act reflects the EU’s broader digital governance 
strategy that previously produced landmark regulations such as the General 
Data Protection Regulation (GDPR) and the Digital Services Act. 

The emergence of the AI Act must be understood within three structural 
dynamics: 

1. The rapid diffusion of AI technologies across critical sectors; 
2. Concerns regarding fundamental rights and societal risks; 
3. Strategic competition with the United States and China in advanced 

technologies. 

Unlike the U.S., which initially favored a self-regulatory and market-driven 
framework, and unlike China, which emphasized centralized algorithmic 
supervision, the EU opted for a precautionary, risk-based, and rights-oriented 
legislative approach. 

The AI Act therefore reflects not only regulatory ambition but also geopolitical 
positioning. It reinforces the EU’s role as a global rule-setter — an actor that 
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shapes technological governance through legal standardization rather than 
technological dominance. 

2. Core Objectives of the EU AI Framework 
2.1. Fundamental Rights Protection 

The EU AI Act is deeply anchored in the EU Charter of Fundamental Rights. The 
regulation seeks to ensure that AI systems do not undermine privacy, equality, 
non-discrimination, consumer protection, or human dignity. 

The European approach assumes that innovation without safeguards may 
generate long-term instability. Therefore, rights protection is not treated as a 
constraint on innovation but as a prerequisite for sustainable digital 
transformation. 

2.2. Internal Market Harmonization 

A second objective is preventing fragmentation within the EU single market. 
Without harmonized regulation, Member States could adopt divergent AI rules, 
increasing compliance costs and legal uncertainty. 

The AI Act establishes uniform requirements applicable across all Member 
States, ensuring regulatory coherence and cross-border business certainty 
within the Union. 

2.3. Risk Mitigation and Proportionality 

Rather than applying blanket restrictions, the EU adopted a proportional 
risk-based classification model. This reflects an effort to balance precaution 
with innovation flexibility. 

3. The Risk-Based Classification System 
The defining feature of the AI Act is its four-tier classification architecture: 

3.1. Unacceptable Risk 

Certain AI applications are banned outright. These include: 

● Social scoring systems resembling behavioral surveillance mechanisms; 
● Manipulative AI exploiting vulnerable populations; 
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● Real-time biometric surveillance in public spaces (with narrow security 
exceptions). 

This prohibition signals the EU’s normative boundaries regarding technological 
use. 

3.2. High-Risk Systems 

High-risk systems include AI deployed in: 

● Critical infrastructure management; 
● Employment and recruitment processes; 
● Credit scoring and financial services; 
● Law enforcement and judicial systems; 
● Border management; 
● Essential public services. 

Such systems must undergo conformity assessments, maintain detailed 
technical documentation, ensure human oversight, implement risk management 
systems, and meet strict data governance standards. 

3.3. Limited Risk 

Systems categorized as limited risk must comply with transparency obligations. 
For example, individuals must be informed when interacting with AI chatbots or 
synthetic media. 

3.4. Minimal Risk 

Low-impact AI systems remain largely unregulated to preserve innovation 
space. 

This proportional approach attempts to avoid overregulation while ensuring 
adequate safeguards in sensitive domains. 

 

4. Governance and Enforcement Architecture 
The AI Act establishes: 
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● National supervisory authorities; 
● A European AI Office; 
● A European Artificial Intelligence Board. 

The enforcement model mirrors GDPR enforcement logic, including substantial 
financial penalties (up to 7% of global annual turnover). 

This enforcement design significantly increases global compliance incentives for 
multinational firms operating in the EU market. 

5. Strategic Implications 
5.1. The Brussels Effect 

Through its market size and regulatory strictness, the EU can externalize its 
standards globally. Multinational corporations may adopt EU-compliant 
practices worldwide to avoid operational fragmentation. 

This dynamic enhances the EU’s influence beyond its territorial borders. 

5.2. Digital Sovereignty 

The AI Act contributes to reducing dependence on foreign technological 
frameworks by establishing internal regulatory clarity and supporting domestic 
innovation ecosystems. 

5.3. Economic Trade-Offs 

Critics argue that regulatory burdens may discourage startups and limit 
competitiveness relative to the U.S. and China. However, EU policymakers 
contend that long-term stability and legal predictability attract responsible 
investment. 

6. G20 Member Reactions to the EU AI Model 
Below is a structured overview of how each G20 member positions itself relative 
to the EU AI framework. 

6.1. Argentina 
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Argentina considers the EU framework a potential template but stresses 
capacity-building and technical support before full regulatory alignment. 

6.2. Australia 

Australia supports a balanced AI governance approach that combines ethical 
safeguards with innovation flexibility. It endorses international cooperation on 
safety standards and transparency while avoiding overly rigid regulatory 
structures. In relation to the EU AI Act, Australia views the risk-based model as 
a useful reference but favors adaptive, sector-based regulation within the G20 
framework. 

6.3. Brazil 

Brazil expresses strong interest in EU-style rights protection but emphasizes the 
need for regulatory proportionality to avoid innovation slowdowns. 

6.4. Canada 

Canada broadly aligns with the EU’s rights-based approach but favors adaptive 
regulatory mechanisms. It supports interoperability rather than strict legislative 
replication. 

6.5. China 

China does not adopt the EU’s rights-centered framework but observes the 
regulatory architecture closely. Beijing prioritizes sovereign oversight rather 
than rights-based classification. 

6.6. France 

France supports the EU model but simultaneously advocates stronger industrial 
competitiveness measures. 

6.7. Germany 

Germany strongly supports the AI Act as part of the EU framework and 
promotes harmonization within the G20. 
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6.8. India 

India studies the EU model while developing its own innovation-driven 
regulatory strategy. It supports interoperability but resists excessive 
compliance burdens. 

6.9. Indonesia 

Indonesia views the EU model as aspirational but prioritizes 
development-driven AI governance. 

6.10. Italy 

Italy aligns with the EU position and emphasizes coordinated enforcement 
mechanisms. 

6.11. Japan 

Japan favors harmonization and sees the EU model as a reference framework, 
though it supports flexible implementation. 

6.12. Mexico 

Mexico views the EU model as a useful reference but seeks gradual 
implementation adapted to domestic capacity constraints. 

6.13. Russia 

Russia prioritizes technological sovereignty and does not align closely with the 
EU’s rights-based regulatory model. 

6.14. Saudi Arabia 

Saudi Arabia supports innovation-led governance and selectively incorporates 
EU-style safeguards. 

6.15. South Africa 

South Africa appreciates the rights-based orientation but highlights capacity 
limitations. 
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6.16. South Korea 

South Korea seeks alignment in safety standards but maintains pro-industry 
flexibility. 

6.17. Türkiye 

Türkiye monitors EU developments closely due to trade relations and regulatory 
alignment dynamics, while maintaining flexibility for national innovation 
strategy. 

6.18. United Kingdom 

The UK diverges significantly. It favors sector-led, principle-based regulation 
over  

comprehensive legislation. London views the EU model as overly rigid. 

6.19. United States 

The U.S. views the EU AI Act as a structured but potentially restrictive model. 
While supportive of safety principles, the U.S. prioritizes innovation flexibility 
and private-sector leadership. Washington remains cautious about adopting 
comprehensive legislative frameworks similar to the EU’s. 

6.20. European Union 

The EU promotes its model as a global benchmark and encourages international 
adoption of risk-based governance.  

Conclusion 
The European Union’s AI regulatory framework represents one of the most 
comprehensive attempts to govern artificial intelligence through a risk-based 
approach. While the model emphasizes fundamental rights and safety, its global 
impact will depend on how other major economies adapt or respond to similar 
regulatory initiatives. The EU framework therefore contributes significantly to 
the emerging global debate on AI governance. 
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AI, Cybersecurity and Hybrid 
Threats 
1. AI as a Security Multiplier 
Artificial Intelligence has increasingly evolved into a strategic security 
multiplier. According to NATO and RAND security analyses, AI technologies 
amplify both defensive and offensive cyber capabilities, accelerating the speed, 
scale, and automation of digital operations. Unlike conventional cyber tools, 
AI-driven systems can autonomously identify vulnerabilities, adapt to 
countermeasures, and optimize attack strategies in real time. 

The World Economic Forum’s Global Risks Report identifies AI-enabled cyber 
threats as one of the most rapidly escalating risks in the digital ecosystem. As 
AI systems become embedded within financial networks, energy grids, defense 
systems, and public services, the attack surface expands proportionally. The 
integration of AI into critical infrastructure increases both efficiency and 
systemic vulnerability. 

For G20 economies—responsible for the majority of global GDP and digital 
infrastructure—the security implications of AI are structural rather than 
peripheral. AI is no longer merely a technological asset; it is a component of 
national power. 

2. AI-Enhanced Cyber Attacks 
2.1. Automated Vulnerability Discovery 

AI systems can scan massive digital environments and detect exploitable 
weaknesses faster than human analysts. ENISA (European Union Agency for 
Cybersecurity) reports indicate that AI-assisted vulnerability detection reduces 
attack preparation time and increases operational efficiency for malicious 
actors. 

2.2. AI-Generated Malware 

Generative AI tools can be used to write polymorphic malware capable of 
adapting to defensive countermeasures. According to cybersecurity research 
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institutions such as MITRE and CISA, AI-enabled malware can modify its 
behavior dynamically, complicating detection and attribution efforts. 

2.3. Large-Scale Phishing and Social Engineering 

AI models can produce highly personalized phishing messages at scale. By 
analyzing publicly available data, attackers can craft convincing, context-aware 
communications. This automation significantly lowers the cost of cybercrime 
while increasing success rates. 

The OECD warns that AI-driven automation may democratize sophisticated 
cyberattack capabilities, enabling smaller actors to conduct high-impact 
operations. 

3. Disinformation, Deepfakes and Democratic 
Stability 
3.1. Synthetic Media and Deepfake Technology 

Generative AI enables the production of highly realistic synthetic images, audio, 
and video. The United Nations has warned that deepfake technologies pose 
emerging threats to electoral integrity, social cohesion, and public trust. 

Unlike traditional misinformation campaigns, AI-generated content can be 
produced at scale, personalized to specific audiences, and disseminated 
through automated networks. This significantly enhances the effectiveness of 
influence operations. 

3.2. Electoral Interference 

WEF and RAND analyses emphasize that AI-powered disinformation may 
undermine democratic processes by manipulating voter perception. Automated 
bot networks combined with generative text systems increase the volume and 
credibility of coordinated misinformation campaigns. 

For G20 democracies, electoral resilience has become directly connected to AI 
governance and platform accountability. 

4. AI in Hybrid Warfare Doctrine 
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Hybrid warfare refers to the blending of conventional military force, cyber 
operations, economic coercion, and information manipulation. NATO doctrine 
recognizes AI as a tool capable of enhancing each component of hybrid 
conflict. 

AI can support: 

● Intelligence analysis through predictive modeling; 
● Automated surveillance and target recognition; 
● Decision-support systems in military logistics; 
● Psychological operations via disinformation networks. 

The integration of AI into hybrid warfare strategies lowers the threshold for 
confrontation by enabling non-kinetic disruption without formal declarations of 
war. 

This dynamic complicates deterrence models. Attribution becomes harder, 
escalation pathways become ambiguous, and response mechanisms require 
unprecedented coordination. 

5. Critical Infrastructure Vulnerabilities 
AI systems increasingly manage: 

● Energy distribution networks 
● Financial transaction monitoring 
● Transportation logistics 
● Water supply systems 
● Healthcare management systems 

According to ENISA and OECD reports, the integration of AI into these systems 
enhances efficiency but simultaneously creates high-value targets. An 
AI-enabled attack on a smart grid or financial clearing system could produce 
cascading cross-border effects. 

The systemic interconnectedness of G20 economies means that a disruption in 
one jurisdiction may propagate globally. 

6. Military Applications and Escalation Risks 
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6.1. Autonomous Systems 

Autonomous weapons and AI-assisted targeting systems introduce complex 
ethical and strategic concerns. While some states emphasize defensive AI 
integration, others invest in autonomous battlefield systems. 

The absence of universally agreed norms regarding lethal autonomous weapons 
increases strategic instability. UN discussions on Lethal Autonomous Weapon 
Systems (LAWS) reflect ongoing global debate but lack binding consensus. 

6.2. Decision-Making Acceleration 

AI-enabled decision-support systems accelerate military response cycles. While 
this may enhance defensive readiness, it also compresses decision-making time, 
increasing the risk of miscalculation. 

RAND security assessments warn that AI-driven command systems may reduce 
human oversight in high-stakes contexts, potentially destabilizing deterrence 
balances. 

7. Public–Private Security Interdependence 
Unlike traditional military technologies, AI innovation is largely driven by 
private-sector firms. This creates a security environment in which technology 
corporations play a central role in national defense and cyber resilience. 

WEF cybersecurity analyses emphasize the necessity of public-private 
partnerships to protect critical infrastructure. Governments cannot regulate AI 
risks effectively without collaboration from cloud providers, platform operators, 
and AI developers. 

For the G20, establishing coordinated public-private governance mechanisms is 
critical to managing cross-border security threats. 

8. International Cyber Norms and Cooperative 
Security 
The United Nations Group of Governmental Experts (UNGGE) has attempted to 
establish norms of responsible state behavior in cyberspace. However, AI 
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integration introduces new complexities that existing norms do not fully 
address. 

Key unresolved issues include: 

● Attribution of AI-enabled attacks 
● Thresholds for cyber retaliation 
● Regulation of autonomous weapon systems 
● Transparency in military AI deployment 

For G20 members—who collectively hold significant cyber and military 
capabilities—the absence of shared AI security norms presents a structural 
vulnerability. 

9. Policy Implications for the G20 
The security dimension of AI governance requires coordinated responses across 
economic, military, and technological domains. 

Potential G20 policy directions include: 

● Establishing AI-specific cyber incident information-sharing mechanisms; 
● Developing shared standards for AI-enabled critical infrastructure 

protection; 
● Promoting transparency in military AI doctrine; 
● Strengthening election resilience cooperation; 
● Supporting capacity-building for developing member states. 

AI security governance must be approached as a collective risk-management 
challenge rather than a zero-sum strategic competition 

10. G20 Member Perspectives on AI, Cybersecurity and 
Hybrid Threats 

10.1. Argentina 
 Argentina approaches AI security primarily through digital resilience and 
cybercrime prevention. While not a major military AI actor, Argentina 
emphasizes institutional capacity-building and international cooperation to 
counter disinformation and cyber fraud. Within the G20, Argentina supports 
multilateral frameworks that strengthen cyber governance without escalating 
geopolitical competition. 
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10.2. Australia 
Australia adopts a security-conscious approach to AI governance, emphasizing 
cyber resilience and critical infrastructure protection. As an active participant in 
regional security alliances, Australia prioritizes AI-related defense innovation 
while supporting international norms against destabilizing autonomous weapon 
systems. In the G20, Australia advocates stronger coordination on AI-enabled 
cyber threats. 

10.3. Brazil 
Brazil frames AI security within digital sovereignty and democratic stability 
concerns. The country prioritizes combating online disinformation and 
protecting electoral integrity. While not heavily militarizing AI, Brazil supports 
global dialogue on responsible AI use in cybersecurity and hybrid contexts. 

10.4. Canada 
Canada emphasizes AI safety, cyber defense cooperation, and democratic 
resilience. As a NATO member, Canada supports collective deterrence principles 
and international cybersecurity norms. Within the G20, Canada promotes 
transparency and multilateral confidence-building mechanisms related to 
AI-enabled security risks. 

10.5. China 
China integrates AI into national security strategy, focusing on cyber defense, 
surveillance systems, and military modernization. AI is treated as a strategic 
asset in information warfare and digital governance. Within the G20, China 
supports sovereign cyber governance and resists external oversight of domestic 
AI security policies. 

10.6. France 
France views AI as both a strategic defense capability and a potential security 
risk. As a nuclear power and EU leader, France supports European defense 
autonomy and international regulation of autonomous weapon systems. In G20 
discussions, France promotes transparency and multilateral norms in military AI 
deployment. 
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10.7. Germany 
Germany emphasizes defensive AI integration, cybersecurity standards, and 
critical infrastructure resilience. As part of NATO and the EU, Germany supports 
international legal frameworks governing military AI and prioritizes human 
oversight in defense applications. 

10.8. India 
India approaches AI security through a developmental-security lens. While 
expanding AI defense capabilities, India emphasizes cyber resilience and 
digital sovereignty. Within the G20, India supports balanced governance that 
avoids technological dependency and promotes equitable cybersecurity 
cooperation. 

10.9. Indonesia 
Indonesia prioritizes digital stability, counter-disinformation measures, and 
institutional capacity-building. AI security policy focuses on protecting digital 
infrastructure and preventing social instability through online manipulation. 

10.10. Italy 
Italy aligns with NATO and EU cybersecurity strategies, emphasizing 
infrastructure protection and hybrid threat mitigation. Within the G20, Italy 
supports collaborative frameworks addressing AI-enabled cyber risks. 

10.11. Japan 
Japan views AI security within its broader national security modernization 
strategy. It emphasizes defensive AI technologies and supports global norms on 
autonomous systems. Japan often promotes interoperability and transparency 
in international AI security dialogue. 

10.12. Mexico 
Mexico prioritizes cybercrime prevention and institutional strengthening. While 
less focused on military AI, Mexico supports multilateral dialogue addressing 
AI-enabled digital threats. 
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10.13. Russia 
Russia integrates AI into strategic military doctrine, cyber operations, and 
information warfare capabilities. AI is viewed as a critical component of 
national power projection. Within the G20, Russia emphasizes sovereign control 
and resists restrictive international military AI norms. 

10.14. Saudi Arabia 
Saudi Arabia incorporates AI into national modernization and security 
frameworks. Cybersecurity and smart surveillance systems are strategic 
priorities. In G20 forums, Saudi Arabia supports cooperation on cyber defense 
while maintaining innovation-driven flexibility. 

10.15 South Africa 
South Africa focuses on digital resilience, cybercrime prevention, and 
institutional capacity-building. It supports international assistance and 
equitable access to cybersecurity technologies. 

10.16. South Korea 
South Korea emphasizes AI as a strategic defense and industrial asset. Strong 
cybersecurity infrastructure and technological competitiveness are central 
priorities. Within the G20, South Korea advocates technical cooperation and 
shared cyber norms. 

10.17. Türkiye 
Türkiye views AI as a strategic tool for defense modernization, cybersecurity 
enhancement, and digital sovereignty. The country integrates AI into national 
security planning while supporting multilateral cooperation within the G20 
framework. 

10.18. United Kingdom 
The UK treats AI as a core national security priority. It invests heavily in 
AI-enabled cyber defense and military applications. While supporting 
international dialogue, the UK prioritizes flexible and innovation-friendly 
security governance. 
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10.19. United States 

The United States considers AI central to military modernization and cyber 
superiority. AI is integrated into defense strategy, intelligence systems, and 
cyber deterrence doctrine. Within the G20, the U.S. supports cooperation on AI 
safety but maintains strategic advantage as a priority. 

10.20. European Union 

The EU emphasizes cybersecurity resilience, hybrid threat mitigation, and 
rights-based safeguards. While not a military actor as such, it coordinates 
defense-related initiatives through member states. The EU advocates 
multilateral norms limiting destabilizing uses of AI in hybrid warfare. 

 

Conclusion 
The integration of AI into cybersecurity and hybrid conflict environments 
introduces new risks to global stability. As cyber threats become increasingly 
automated and sophisticated, international cooperation and shared security 
standards will be essential. Addressing these challenges requires coordinated 
action among G20 members to strengthen resilience against emerging digital 
threats. 

The Chip Crisis (Global 
Semiconductor Crisis) 
1. Introduction 
The global semiconductor crisis has become one of the most significant 
economic and technological disruptions of the 21st century. Semiconductors, 
commonly known as chips, are the backbone of modern digital infrastructure. 
From smartphones to military defense systems, nearly every advanced 
technological product relies on integrated circuits. The crisis exposed the 
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fragility of global supply chains and highlighted the strategic importance of 
semiconductor production. 

1.1. Definition of Semiconductors (Chips) 

Semiconductors are materials that have electrical conductivity between that of 
a conductor and an insulator. The most commonly used semiconductor material 
is silicon. Semiconductor chips are manufactured using complex fabrication 
processes that allow billions of transistors to be placed on a single integrated 
circuit. These chips perform computational and logical operations that enable 
electronic devices to function. 

Because of their unique electrical properties, semiconductors can control the 
flow of electrical current, making them essential for processing, memory 
storage, communication, and automation technologies. 

 

1.2. The Role of Chips in Daily Life 

Semiconductors are embedded in nearly every aspect of modern life. Their 
importance extends beyond consumer electronics into critical infrastructure and 
national security systems. 

1.2.1. Smartphones 

Modern smartphones contain multiple chips, including processors, memory 
chips, and communication modules. These components enable high-speed 
internet access, artificial intelligence applications, and multimedia processing. 
The global demand for smartphones significantly increased semiconductor 
consumption. 

1.2.2. Computers and Data Centers 

Computers and cloud data centers rely heavily on high-performance processors 
and memory chips. Data centers support artificial intelligence, financial 
systems, healthcare records, and global communication platforms. Any 
disruption in chip supply directly affects digital services worldwide. 
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1.2.3. Automotive Systems 

Modern vehicles depend on semiconductors for engine control, navigation 
systems, safety sensors, and electric vehicle battery management. During the 
semiconductor crisis, automotive production was severely disrupted due to chip 
shortages, causing factory shutdowns and increased vehicle prices. 

1.2.4. Defense Industry 

Semiconductors are critical components in military technologies, including 
radar systems, missile guidance systems, cybersecurity infrastructure, and 
advanced communication networks. This makes semiconductor production not 
only an economic issue but also a national security concern. 

1.3. The Semiconductor Industry in the Global Economy 

The semiconductor industry is one of the most strategically important sectors in 
the global economy. It is highly interconnected and geographically 
concentrated. Design is often dominated by companies in the United States, 
manufacturing by East Asian countries, and raw material supply by various 
global regions. 

The industry generates hundreds of billions of dollars annually and supports 
millions of jobs worldwide. Because many countries depend heavily on imported 
chips, supply disruptions can lead to economic instability, inflation, and 
industrial slowdown. 

1.4. Digitalization and Strategic Technologies 

The acceleration of digital transformation has significantly increased global 
chip demand. Emerging technologies such as artificial intelligence, 5G networks, 
electric vehicles, renewable energy systems, and smart infrastructure require 
advanced semiconductor components. 

As a result, semiconductors have become strategic assets. Countries now view 
chip production capacity as a matter of technological sovereignty and 
geopolitical power. The semiconductor crisis demonstrated that control over 
chip supply chains can influence global economic and political dynamics. 
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2. The Global Semiconductor Ecosystem 
The global semiconductor ecosystem is a highly complex and interdependent 
structure that involves multiple stages of design, manufacturing, assembly, and 
distribution. Unlike many traditional industries, semiconductor production is 
geographically fragmented. Different countries specialize in specific phases of 
the value chain, creating a deeply interconnected and fragile global system. 

The semiconductor crisis revealed that disruption in one stage of this ecosystem 
can rapidly affect the entire global economy. 

2.1. The Design Process (Chip Design) 

The semiconductor value chain begins with chip design. This stage involves 
creating the architecture, logic systems, and performance specifications of a 
chip before physical production begins. Chip design requires advanced 
engineering knowledge, sophisticated software tools, and significant research 
and development investment. 

Designing modern processors involves billions of transistors integrated into 
extremely small surfaces, requiring precision at the nanometer scale. 

2.2. The Manufacturing Process (Fabrication) 

After the design phase, the chip enters the fabrication stage. Fabrication, often 
referred to as “fab,” is one of the most technologically advanced and 
capital-intensive manufacturing processes in the world. Building a 
state-of-the-art semiconductor fabrication plant can cost tens of billions of 
dollars. 

The fabrication process involves multiple chemical, mechanical, and 
photolithographic steps to build microscopic circuits on silicon wafers. 

2.3. Global Distribution of Production 

The semiconductor industry is geographically specialized. Different regions 
dominate different parts of the value chain, creating interdependence among 
nations. 
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2.3.1. Production Concentration in East Asia 

East Asia plays a dominant role in semiconductor manufacturing. Countries in 
this region host the majority of advanced fabrication facilities. This 
concentration has increased efficiency but also created strategic risk. Political 
tensions or natural disasters in the region can disrupt global supply chains. 

2.3.2. The United States’ Design Leadership 

The United States maintains global leadership in semiconductor design, 
research, and intellectual property. Many of the world’s leading chip 
architecture companies are headquartered in the US. However, the country 
relies heavily on overseas manufacturing facilities for advanced production. 

This imbalance became a major policy concern during the semiconductor crisis. 

2.3.3. Europe’s Industrial Chip Production 

European countries are strong in producing industrial and automotive 
semiconductors. While Europe does not dominate advanced processor 
fabrication, it plays a significant role in power electronics, automotive chips, 
and semiconductor manufacturing equipment. 

Recent European initiatives aim to increase production capacity to reduce 
external dependency. 

2.4. Critical Raw Materials 

Semiconductor manufacturing depends on specific raw materials that are 
geographically concentrated and often politically sensitive. 

2.4.1. Silicon 

Silicon is the fundamental material used in most semiconductor chips. Although 
silicon is abundant in nature, ultra-pure semiconductor-grade silicon requires 
advanced processing techniques. 
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2.4.2. Rare Earth Elements 

Rare earth elements are essential for certain semiconductor components and 
manufacturing equipment. These materials are unevenly distributed globally, 
creating strategic competition for access. 

2.4.3. Palladium and Neon Gas 

Palladium and neon gas are crucial for semiconductor manufacturing, 
especially in lithography and chip production processes. Supply disruptions in 
these materials can severely affect production capacity. Geopolitical conflicts 
have previously impacted access to these resources, increasing global market 
volatility. 

3.Causes of the Semiconductor Crisis 

The semiconductor crisis did not emerge from a single event. Instead, it was the 
result of multiple overlapping structural, economic, and geopolitical factors. The 
global chip supply chain was already fragile before 2020, but the COVID-19 
pandemic exposed and intensified its weaknesses. A combination of sudden 
demand shifts, production disruptions, and geopolitical tensions created a 
perfect storm that led to severe global shortages. 

3.1. COVID-19 Pandemic and Factory Shutdowns 

The COVID-19 pandemic marked the turning point in the semiconductor supply 
chain. In early 2020, strict lockdown measures forced factories across Asia, 
Europe, and North America to temporarily shut down. Semiconductor 
fabrication plants, which operate on highly precise production schedules, 
experienced delays that disrupted global supply. 

Because semiconductor manufacturing involves long production cycles that can 
last several months, even short-term factory closures created long-term 
consequences. When facilities reopened, they faced backlog orders, limited 
labor availability, and logistical bottlenecks. 
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3.1.1. Production Disruptions in Asia 

East Asia hosts the majority of advanced semiconductor fabrication facilities. 
Pandemic-related restrictions in this region significantly reduced production 
capacity. Even minimal interruptions in highly specialized facilities had 
cascading effects on global industries. 

Since many multinational companies depend on a small number of suppliers, 
disruptions in Asian manufacturing hubs rapidly translated into global 
shortages. 

3.1.2. Global Logistics and Transportation Issues 

In addition to factory shutdowns, global transportation networks were severely 
disrupted. Container shortages, port congestion, and reduced air cargo 
capacity delayed shipments of both raw materials and finished chips. 

Semiconductor production requires precise coordination between suppliers of 
chemicals, silicon wafers, manufacturing equipment, and packaging services. 
When global logistics slowed down, synchronization across the value chain 
collapsed, amplifying supply shortages. 

3.2. Sudden Demand Surge 

While supply was decreasing, global demand for semiconductors increased 
dramatically. This imbalance intensified the crisis. 

3.2.1. Remote Work and Digital Transformation 

The shift to remote work, online education, and digital communication 
significantly increased demand for laptops, tablets, servers, and networking 
equipment. Companies invested heavily in cloud computing infrastructure, 
accelerating demand for high-performance processors. 

The unexpected surge in digital consumption exceeded production forecasts 
and placed extraordinary pressure on semiconductor manufacturers. 
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3.3. Automotive Sector Miscalculations 

The automotive industry played a significant role in intensifying the 
semiconductor shortage. 

3.3.1. Order Cancellations and Forecast Errors 

At the beginning of the pandemic, automobile manufacturers predicted a 
prolonged decline in consumer demand. As a result, many companies canceled 
or reduced their semiconductor orders. 

Semiconductor manufacturers quickly reallocated production capacity to 
consumer electronics companies. However, when vehicle demand recovered 
faster than expected, automakers were unable to secure sufficient chip supply. 

3.3.2. Loss of Production Priority 

Unlike smartphone or high-performance computing chips, automotive 
semiconductors often generate lower profit margins. As a result, foundries 
prioritized higher-margin clients during the shortage. 

This structural imbalance caused prolonged factory shutdowns in the 
automotive sector and contributed to significant economic losses worldwide. 

3.4. United States–China Technological Rivalry 

Geopolitical tensions between the United States and China significantly 
affected the semiconductor industry. 

3.4.1. Export Controls and Sanctions 

The United States imposed export restrictions on advanced semiconductor 
technologies and manufacturing equipment targeting Chinese firms. These 
measures limited China’s access to cutting-edge chip technology. 

In response, China increased efforts to develop domestic semiconductor 
production capabilities. This technological rivalry intensified global competition 
and contributed to supply chain fragmentation. 
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3.4.2. Strategic Stockpiling 

As geopolitical tensions escalated, companies began stockpiling 
semiconductors to avoid future shortages. This behavior further strained global 
supply and increased price volatility. 

Strategic hoarding amplified market instability and deepened the shortage in 
the short term. 

3.5. Geographic Concentration of Production 

One of the structural causes of the crisis was the heavy geographic 
concentration of semiconductor manufacturing. 

3.6. Raw Material and Energy Constraints 

Semiconductor production requires stable access to specific raw materials and 
significant energy resources. Energy shortages and raw material disruptions 
increased production costs and reduced output in some regions. 

Additionally, environmental regulations and rising energy prices affected 
production capacity, especially in energy-intensive fabrication plants. 

The semiconductor crisis therefore emerged from a convergence of pandemic 
disruptions, unexpected demand surges, industrial miscalculations, geopolitical 
rivalry, and structural vulnerabilities in global supply chains. It was not a 
temporary shortage but a systemic stress test for the global technological order. 

4. Global Impacts of the Semiconductor Crisis 
The semiconductor crisis had far-reaching consequences across multiple sectors 
of the global economy. Because chips are embedded in nearly every modern 
technological product, shortages quickly expanded beyond the technology 
industry. The crisis revealed the systemic dependence of global production 
networks on stable semiconductor supply and demonstrated how technological 
disruptions can translate into macroeconomic instability. 
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4.1. Impact on the Automotive Industry 

The automotive sector was one of the most severely affected industries during 
the semiconductor shortage. 

Modern vehicles contain hundreds, and in some cases thousands, of 
semiconductor components. These chips control engine systems, safety 
mechanisms, navigation, entertainment systems, and battery management in 
electric vehicles. Even the absence of a single microcontroller can prevent the 
completion of an entire vehicle. 

4.2. Impact on Consumer Electronics 

The consumer electronics sector experienced major disruptions due to 
semiconductor shortages. 

4.2.1. Gaming Consoles and Graphics Cards 

Global demand for gaming consoles and graphics processing units (GPUs) 
surged during pandemic lockdowns. However, production constraints limited 
supply, leading to extended waiting periods and significant price increases in 
secondary markets. 

In some cases, speculative buying and reselling activities further inflated prices, 
distorting market equilibrium. 

4.2.2. Smartphones and Personal Computers 

Smartphone manufacturers faced production delays and component shortages. 
Although major companies attempted to secure supply through long-term 
contracts, smaller firms struggled to compete for limited chip availability. 

Similarly, personal computer production experienced bottlenecks, affecting 
educational institutions and businesses transitioning to remote operations. 

4.2.3. Data Centers and Cloud Infrastructure 

Cloud service providers and data centers depend heavily on high-performance 
processors. Semiconductor shortages delayed infrastructure expansion projects 
in some regions. 
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Although large technology companies managed to mitigate the impact through 
strategic planning, the shortage highlighted vulnerabilities in global digital 
infrastructure. 

4.3. Impact on Defense and National Security 

Semiconductors are essential for advanced defense technologies, including 
communication systems, radar technologies, satellites, and missile guidance 
systems. 

The shortage raised concerns about national security resilience, particularly for 
countries heavily dependent on foreign semiconductor suppliers. Governments 
began reassessing technological sovereignty and investing in domestic 
production capabilities. 

The crisis reinforced the perception that semiconductor manufacturing is not 
only an economic issue but also a strategic security priority. 

4.4. Impact on Healthcare and Medical Technology 

Medical devices such as ventilators, diagnostic equipment, imaging systems, 
and monitoring devices rely on semiconductor components. 

During the pandemic, increased demand for healthcare equipment coincided 
with semiconductor shortages. Although emergency prioritization measures 
helped maintain critical production, the crisis exposed vulnerabilities in 
healthcare supply chains. 

Ensuring stable access to semiconductor components became part of broader 
discussions on public health preparedness. 

4.5. Inflationary Pressures and Macroeconomic Effects 

The semiconductor crisis contributed to broader global inflationary trends. 
Reduced production in automotive and electronics sectors constrained supply, 
while consumer demand remained relatively strong. 
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Higher product prices increased input costs for various industries. In some 
economies, semiconductor shortages became a contributing factor to rising 
inflation rates between 2021 and 2023. 

Additionally, reduced industrial output negatively affected gross domestic 
product (GDP) growth in several countries. The crisis demonstrated how 
disruptions in a single strategic industry can generate ripple effects throughout 
the global economy. 

4.6. Supply Chain Trust and Structural Reassessment 

Beyond immediate economic losses, the semiconductor crisis triggered a 
structural reassessment of global supply chains. 

Companies and governments began reconsidering “just-in-time” production 
strategies and heavy geographic concentration. The crisis accelerated 
discussions on supply chain resilience, diversification, and domestic production 
incentives. 

Many policymakers concluded that excessive dependence on limited 
manufacturing hubs poses systemic risks. As a result, semiconductor policy 
shifted from purely economic considerations to strategic industrial planning. 

The global impacts of the semiconductor crisis extended far beyond temporary 
shortages. The crisis reshaped industrial policy, altered geopolitical strategies, 
and redefined how governments perceive technological dependence. 

5. The Semiconductor Crisis in G20 Summits 
The semiconductor crisis quickly became a strategic issue discussed within 
major international platforms, including the G20. As the world’s largest 
economies experienced production slowdowns and inflationary pressure, supply 
chain resilience and technological sovereignty moved to the center of global 
policy debates. 

Although the semiconductor crisis was not initially the primary agenda item, it 
became embedded in broader discussions on digital transformation, economic 
security, and supply chain stability. 
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5.1. Supply Chain Resilience Discussions 

One of the most significant themes in G20 meetings during and after the 
pandemic was the concept of supply chain resilience. 

Member states recognized that excessive concentration of semiconductor 
production in limited geographic areas created systemic vulnerability. Leaders 
emphasized the importance of diversification, transparency, and coordination 
to prevent future disruptions. 

Resilience was increasingly defined not only as economic efficiency but also as 
strategic redundancy and risk management. 

5.2. Strategic Sectors and Economic Security 

The semiconductor shortage elevated the concept of “economic security” within 
G20 discussions. Chips were reclassified from ordinary trade goods to strategic 
assets critical for national competitiveness. 

Several G20 countries introduced policies to support domestic semiconductor 
production. These initiatives were framed as necessary measures to protect 
national industries and reduce external dependency. 

However, such policies also raised concerns about fragmentation of global trade 
and potential protectionist tendencies. 

5.3. Digital Economy and Technological Cooperation 

The G20 has consistently emphasized the importance of digital transformation. 
During the semiconductor crisis, this agenda gained additional urgency. 

Advanced technologies such as artificial intelligence, 5G infrastructure, cloud 
computing, and cybersecurity depend heavily on reliable semiconductor supply. 
G20 discussions therefore linked chip production directly to digital economic 
growth. 

Some member states advocated for stronger international cooperation in 
research and development, technology sharing, and crisis coordination 
mechanisms. 
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5.4. Industrial Policy and State Intervention 

The semiconductor crisis marked a shift toward more active industrial policy 
among several G20 economies. 

Governments introduced subsidy programs, tax incentives, and public-private 
partnerships to strengthen domestic semiconductor ecosystems. These 
interventions represented a departure from purely market-driven production 
models. 

At the same time, debates emerged within the G20 regarding fair competition, 
state aid regulations, and the risk of subsidy races between major economies. 

5.5. Geopolitical Tensions within the G20 

The semiconductor crisis intensified geopolitical tensions, particularly between 
major economic powers. 

Export controls, technology restrictions, and security concerns became 
recurring themes in G20 dialogues. While some member states prioritized 
national technological independence, others emphasized maintaining open 
global trade systems. 

This divergence of perspectives highlighted the difficulty of achieving unified 
global solutions in a highly competitive technological environment. 

5.6. Long-Term Structural Reforms 

In response to the crisis, the G20 framework increasingly incorporated 
long-term structural reforms into its agenda. 

These reforms include: 

•Strengthening global supply chain monitoring systems 

•Increasing transparency in critical industries 

•Encouraging investment in semiconductor education and workforce 
development 
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•Promoting sustainable and energy-efficient chip manufacturing 

The semiconductor crisis therefore became not only an immediate economic 
concern but also a catalyst for redefining global industrial governance. 

The discussions within the G20 demonstrate that semiconductors are no longer 
viewed as purely technological components. They are now central to economic 
stability, geopolitical influence, and long-term strategic planning. 

6. National Approaches of G20 Countries to the 
Semiconductor Crisis 
The semiconductor crisis forced G20 countries to reassess their industrial 
strategies, technological dependencies, and economic security frameworks. 
While some countries are major producers of advanced semiconductors, others 
are primarily import-dependent economies. As a result, national responses 
varied significantly according to industrial capacity, geopolitical positioning, 
and economic priorities. 

6.1. Argentina 

Argentina is largely dependent on imported semiconductor technologies. The 
crisis exposed the country’s vulnerability to external supply disruptions, 
particularly in consumer electronics and automotive assembly sectors. 

Argentina’s policy response focused on trade stabilization and diversification of 
import sources rather than large-scale domestic production initiatives. Limited 
fiscal capacity constrained the possibility of substantial semiconductor 
industrial policy development. 

6.2. Australia 

Australia does not host advanced semiconductor fabrication facilities but plays 
a strategic role in supplying critical raw materials used in chip manufacturing. 

The government emphasized strengthening its position as a reliable supplier of 
rare earth elements and critical minerals. By leveraging its resource base, 
Australia positioned itself as an essential partner in global semiconductor 
supply chains. 
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6.3. Brazil 

Brazil’s semiconductor ecosystem remains underdeveloped compared to major 
industrial economies. The crisis highlighted the country’s dependency on 
imported technology components. 

Brazil explored opportunities to expand local research and design capacity, 
particularly in partnership with foreign investors. However, structural economic 
challenges limited rapid expansion of domestic fabrication infrastructure. 

6.4. Canada 

Canada’s approach focused on innovation and research. While not a leading 
chip manufacturer, Canada possesses strong academic institutions and 
technology startups specializing in semiconductor design and materials 
research. 

The government increased support for research funding and sought to integrate 
Canadian firms into North American supply chain initiatives. 

6.5. China 

China viewed the semiconductor crisis as confirmation of its technological 
vulnerability, particularly in advanced chip manufacturing. 

The government significantly expanded investment in domestic semiconductor 
production through subsidies, state-backed financing, and long-term industrial 
planning. Achieving technological self-sufficiency became a national priority. 

Export controls imposed by foreign governments accelerated China’s efforts to 
develop independent chip manufacturing capabilities, though technological 
gaps remain in advanced process nodes. 

6.6. France 

France approached the crisis within the broader framework of European 
technological sovereignty. 
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The French government supported European Union initiatives aimed at 
increasing semiconductor production capacity within Europe. France 
emphasized strategic autonomy, industrial investment, and cross-border 
cooperation among EU member states. 

6.7. Germany 

Germany’s economy is heavily dependent on the automotive sector, making it 
particularly vulnerable to semiconductor shortages. 

The German government supported large-scale investments in domestic 
semiconductor fabrication facilities. Public-private partnerships and European 
funding mechanisms were mobilized to reduce dependency on Asian suppliers. 

6.8. India 

India identified the semiconductor crisis as an opportunity to enter the global 
chip manufacturing sector. 

The government launched incentive programs to attract foreign semiconductor 
firms and establish fabrication plants domestically. India’s strategy centers on 
long-term capacity building, workforce development, and integration into global 
supply chains. 

6.9. Indonesia 

Indonesia does not produce advanced semiconductors but plays a role in 
supplying certain raw materials and manufacturing inputs. 

The government explored opportunities to expand participation in downstream 
manufacturing and electronic assembly industries, seeking to strengthen 
regional economic positioning. 

6.10. Italy 

Italy, as part of the European Union, aligned its semiconductor strategy with 
broader European industrial policy. 
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Italian policymakers emphasized strengthening research collaboration and 
attracting foreign investment in semiconductor-related industries, particularly 
in industrial electronics and automotive applications. 

6.11. Japan 

Japan possesses advanced expertise in semiconductor materials, equipment, 
and specialty components. 

In response to the crisis, Japan implemented financial incentives to support 
domestic chip manufacturing and collaborated with international partners to 
secure supply chains. The country also prioritized revitalizing its semiconductor 
production capacity after decades of relative decline. 

6.12. Mexico 

Mexico plays a key role in North American manufacturing networks, particularly 
in automotive assembly. 

The semiconductor shortage significantly disrupted Mexico’s automotive 
exports. The government coordinated closely with regional partners to stabilize 
supply chains and maintain production continuity. 

6.13. Russia 

Russia faced compounded challenges due to international sanctions and limited 
access to advanced semiconductor technologies. 

The crisis intensified Russia’s technological isolation. Efforts to develop 
domestic semiconductor capabilities faced significant technological and 
financial constraints. 

6.14. Saudi Arabia 

Saudi Arabia does not produce advanced semiconductors but has pursued 
economic diversification strategies under long-term development plans. 
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The country explored opportunities to invest in high-technology sectors, 
including semiconductor-related industries, as part of broader economic 
transformation initiatives. 

6.15. South Korea 

South Korea is one of the world’s leading semiconductor producers. 

The government implemented strategic support measures to maintain global 
competitiveness. Investments in advanced fabrication facilities and research 
were expanded to strengthen leadership in memory chip production and 
advanced logic manufacturing. 

6.16. United Kingdom 

The United Kingdom focused on semiconductor research, design, and 
intellectual property. 

Although lacking large-scale fabrication capacity, the UK emphasized 
strengthening innovation ecosystems and reviewing foreign acquisition policies 
to protect strategic technology assets. 

6.17. United States 

The United States responded with comprehensive industrial policy measures. 

Through major legislative initiatives, the US government allocated substantial 
funding to support domestic semiconductor manufacturing, research, and 
workforce development. The strategy aimed to reduce dependency on overseas 
production and secure technological leadership. 

Additionally, export controls were used as tools of strategic competition in 
advanced semiconductor technologies. 

6.18. Türkiye 

Türkiye remains largely dependent on imported semiconductor components, 
particularly in consumer electronics and automotive manufacturing. 
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The country has prioritized expanding domestic research and development 
capacity, particularly in defense technologies and strategic electronics. While 
large-scale fabrication remains limited, long-term industrial planning 
emphasizes technological self-reliance. 

6.19. South Africa 

South Africa does not have advanced semiconductor manufacturing 
infrastructure. 

The crisis primarily affected the country through higher import costs and supply 
delays. Policy discussions focused on digital infrastructure development and 
integration into broader technological value chains. 

6.20. European Union 

The European Union views the global semiconductor shortage as a strategic 
vulnerability affecting economic stability, industrial production, and 
technological sovereignty. In response, the EU has prioritized strengthening 
domestic semiconductor manufacturing and reducing dependence on external 
suppliers. 

 

7. Regional and Global Policy Initiatives 
The semiconductor crisis accelerated a global shift toward strategic industrial 
policymaking. Rather than relying solely on market mechanisms, governments 
introduced large-scale regional and international initiatives aimed at 
strengthening production capacity, reducing dependency, and enhancing 
technological resilience. 

Regional alliances and policy frameworks emerged as central instruments in 
reshaping the global semiconductor landscape. 

7.1. United States: Strategic Industrial Revitalization 

The United States adopted one of the most comprehensive responses to the 
semiconductor crisis. Through large-scale public investment programs, the US 
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government aimed to expand domestic semiconductor manufacturing capacity, 
strengthen research and development, and build a skilled workforce. The policy 
framework emphasized reducing reliance on foreign production, particularly for 
advanced logic chips. 

The strategy also incorporated export controls on advanced semiconductor 
technologies, reflecting broader national security concerns. As a result, US 
semiconductor policy combines economic competitiveness with geopolitical 
strategy. 

7.2. European Union: Technological Sovereignty 

The European Union framed the semiconductor crisis as a challenge to 
“technological sovereignty.” European policymakers emphasized the need to 
reduce external dependence and increase the EU’s share in global 
semiconductor production. 

Regional initiatives focused on: 

•Attracting investment in advanced fabrication plants 

•Supporting research collaborations among member states 

•Strengthening supply chain transparency 

•Enhancing coordination between public and private sectors 

The EU approach prioritizes collective resilience while maintaining commitment 
to open trade principles. 

7.3 .China:Technological Self-Sufficiency Strategy 

China intensified its long-term strategy of technological self-reliance in 
response to supply chain disruptions and export restrictions. Significant 
state-backed funding was allocated to domestic semiconductor firms. The 
objective is to achieve independence in advanced chip production and reduce 
vulnerability to foreign technological constraints. China’s strategy emphasizes 
vertical integration, domestic innovation, and the development of alternative 
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supply chains. However, challenges remain in accessing cutting-edge 
manufacturing technologies. 

7.4. East Asia: Regional Production Cooperation 

East Asian economies play a dominant role in semiconductor production. 
Regional cooperation mechanisms have focused on maintaining stable supply 
chains and ensuring continued investment in advanced fabrication facilities. 

Collaboration between regional partners includes: 

•Joint research initiatives 

•Industrial subsidies 

•Supply chain coordination 

•Infrastructure modernization 

At the same time, geopolitical tensions in the region have increased the 
strategic sensitivity of semiconductor production. 

7.5. North American Supply Chain Integration 

The semiconductor crisis reinforced the importance of regional supply chain 
integration within North America. 

Efforts were made to coordinate production, investment, and research among 
regional partners. The objective is to build a more resilient semiconductor 
ecosystem that spans design, fabrication, and assembly stages within the 
region. 

This integration strategy aims to reduce overdependence on geographically 
distant manufacturing hubs. 

7.6. Critical Raw Materials Alliances 

Semiconductor production depends on stable access to critical raw materials 
such as rare earth elements and specialty gases. Several countries initiated 
alliances to secure reliable supply of these materials. These initiatives aim to 

54 

IU Youth G20 Summit 2026 
Artificial Intelligence  



 

 

diversify sourcing, reduce single-country dependency, and increase 
transparency in extraction and processing industries. Raw material diplomacy 
has therefore become an essential component of semiconductor policy. 

7.7. Sustainability and Energy Efficiency Policies 

Semiconductor fabrication is energy-intensive and requires significant water 
resources. As governments expand domestic production capacity, sustainability 
concerns have gained importance. Balancing technological expansion with 
environmental responsibility remains a central policy challenge. 

8. Geopolitical and Security Dimensions of the 
Semiconductor Crisis 
The semiconductor crisis demonstrated that chips are not merely technological 
components but strategic assets central to global power competition. Control 
over semiconductor design, manufacturing, and supply chains has become 
closely linked to economic dominance, military capability, and geopolitical 
influence. 

As a result, semiconductors are increasingly treated as instruments of strategic 
leverage in international relations. 

8.1. The United States–China Technological Rivalry 

The rivalry between the United States and China is one of the most defining 
geopolitical dimensions of the semiconductor crisis. 

The United States seeks to preserve its technological leadership, particularly in 
advanced logic chips and semiconductor design software. Export controls and 
restrictions on advanced chip manufacturing equipment were introduced to 
limit China’s access to cutting-edge technology. 

China, in response, accelerated its domestic semiconductor development 
programs. The objective is to reduce reliance on foreign suppliers and achieve 
technological self-sufficiency. 

This rivalry has contributed to fragmentation in global supply chains and 
increased uncertainty in international markets. 
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8.2. Strategic Importance of Taiwan 

Taiwan plays a central role in advanced semiconductor manufacturing. A 
significant portion of the world’s most advanced logic chips are produced there. 

This concentration has elevated Taiwan’s geopolitical importance. Any 
instability in the region could disrupt global semiconductor supply, affecting 
industries worldwide. 

The semiconductor crisis intensified international awareness of the strategic 
risks associated with geographic concentration. Governments now view stability 
in key manufacturing regions as essential to global economic security. 

8.3. Export Controls and Technological Decoupling 

Export controls became a major policy tool during the semiconductor crisis. 
Restrictions on semiconductor equipment, advanced processors, and related 
technologies were implemented by certain countries for national security 
reasons. These measures contributed to the concept of “technological 
decoupling,” where major economies attempt to reduce interdependence in 
critical sectors. 

While decoupling may increase short-term security for some states, it also risks 
reducing global efficiency and increasing production costs. 

8.4. Semiconductor Supply and Military Capability 

Modern defense systems depend heavily on advanced semiconductor 
technologies. Precision weapons, communication systems, cybersecurity 
infrastructure, satellites, and intelligence platforms require highly sophisticated 
chips. 

A shortage of advanced semiconductors can limit military modernization 
efforts. As a result, governments increasingly integrate semiconductor policy 
into national defense planning. 

Technological superiority in semiconductor production has become directly 
associated with long-term strategic military advantage. 
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8.5. Energy Security and Industrial Stability 

Semiconductor fabrication facilities require stable electricity supply and large 
volumes of water. Energy shortages or environmental stress can disrupt 
production. The intersection between energy security and semiconductor 
manufacturing adds another geopolitical dimension. Countries expanding 
domestic chip production must ensure long-term infrastructure stability. 

Thus, semiconductor security is increasingly interconnected with energy policy 
and climate considerations. 

8.6. Global Power Redistribution 

The semiconductor crisis has contributed to a broader redistribution of global 
power dynamics. Countries that control advanced manufacturing technologies 
gain strategic leverage. Meanwhile, import-dependent economies face 
vulnerability. 

The crisis accelerated the shift from globalization based purely on efficiency 
toward a model shaped by resilience, sovereignty, and strategic competition. 

9. Future Risks and Strategic Scenarios 
The semiconductor crisis exposed structural weaknesses in global production 
networks. While immediate shortages have gradually stabilized, long-term risks 
remain. Rapid technological transformation, geopolitical competition, and 
environmental constraints continue to pose potential threats to semiconductor 
supply stability. Future scenarios suggest that without structural reforms and 
diversified production strategies, similar disruptions could re-emerge. 

9.1. Rising Demand Driven by Artificial Intelligence 

Artificial intelligence technologies require highly advanced and energy-efficient 
semiconductor components. The expansion of machine learning systems, data 
analytics platforms, and generative AI applications has dramatically increased 
demand for high-performance processors. 

As AI integration spreads across industries such as healthcare, finance, 
transportation, and defense, demand for advanced chips is expected to rise 
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exponentially. If production capacity does not expand accordingly, supply 
constraints may reappear. 

9.2. Growth of Electric Vehicles and Smart Infrastructure 

The global transition toward electric vehicles (EVs) and smart energy systems is 
accelerating. Electric vehicles require significantly more semiconductor 
components than traditional vehicles. Additionally, renewable energy systems, 
smart grids, and battery storage technologies rely heavily on power 
semiconductors. As governments pursue green transformation policies, 
semiconductor demand in the energy sector is expected to intensify. Without 
adequate planning, this structural demand growth could create new 
bottlenecks. 

9.3. Geopolitical Escalation Risks 

Geopolitical tensions remain one of the most significant long-term threats to 
semiconductor stability. 

Potential escalation scenarios include: 

•Trade wars and expanded export controls 

•Regional conflicts in major manufacturing hubs 

•Sanctions targeting semiconductor equipment and materials 

Any disruption in critical production regions could generate immediate global 
consequences due to continued geographic concentration. 

9.4. Natural Disasters and Climate-Related Risks 

Semiconductor fabrication facilities are highly sensitive to environmental 
conditions. Earthquakes, droughts, and extreme weather events pose significant 
operational risks. 

Water shortages are particularly critical, as chip manufacturing requires 
substantial water resources. Climate change may increase the frequency and 
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severity of such disruptions, creating additional uncertainty for global supply 
chains. 

Conclusion 
The semiconductor crisis marked a turning point in global industrial policy and 
geopolitical strategy. Semiconductors have become foundational elements of 
economic stability, digital transformation, and national security. Future stability 
depends on a balanced approach that combines diversification, international 
cooperation, innovation investment, and strategic foresight. The semiconductor 
crisis will likely be remembered not only as a period of shortage but as a 
catalyst for redefining the governance of strategic technologies in the 21st 
century. 

The Impact on the Labor Market 
1. Introduction 
Technological advancement has fundamentally reshaped global economic 
structures and labor markets. The rapid expansion of digital technologies, 
artificial intelligence, automation systems, and global connectivity has 
transformed how work is performed, organized, and valued. 

The 21st century labor market is characterized by structural shifts rather than 
temporary fluctuations. Unlike previous technological revolutions, digital 
transformation affects both manual and cognitive labor, creating complex 
challenges and opportunities for economies worldwide. Understanding these 
structural changes is essential to assess the long-term impact on employment 
patterns, workforce skills, and socio-economic stability. 

1.1. Digital Transformation and Structural Economic Change 

Digital transformation refers to the integration of advanced technologies into 
economic systems, production processes, and service delivery. This 
transformation is not limited to technological upgrades; it represents a 
structural shift in how value is created. 
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Digitalization has: 

•Increased productivity and efficiency 

•Enabled real-time global connectivity 

•Reduced transaction costs 

•Accelerated innovation cycles 

However, structural economic change also disrupts traditional employment 
models. Industries adapt unevenly, and workforce transitions may create 
short-term instability while reshaping long-term labor demand. 

1.1.1. The Rise of Automation and Artificial Intelligence 

Automation and artificial intelligence (AI) are central drivers of structural labor 
transformation. 

Automation replaces routine and repetitive tasks, particularly in manufacturing, 
logistics, and administrative functions. AI expands this process by automating 
cognitive tasks such as data analysis, decision-making support, and predictive 
modeling. 

Key impacts include: 

•Reduction of demand for routine labor 

•Increased productivity per worker 

•Emergence of new high-skilled occupations 

•Reorganization of workplace hierarchies 

While automation increases efficiency, it may also contribute to job 
displacement in certain sectors, particularly among low- and middle-skilled 
workers. 
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1.1.2. Globalization and Digital Interdependence 

Digital technologies have intensified globalization by enabling cross-border 
services, remote collaboration, and integrated supply chains. 

Digital interdependence means that: 

•Companies operate globally through digital platforms 

•Remote work transcends national boundaries 

•Supply chains rely on digital coordination 

•Labor markets become increasingly interconnected 

This interconnected structure increases economic opportunities but also 
amplifies vulnerability to global shocks, technological disruption, and 
competitive labor pressures. 

1.2. The Changing Nature of Work 

Technological transformation does not only affect employment quantity but also 
employment quality and structure. 

Traditional long-term employment models are gradually being replaced by 
dynamic and adaptive forms of labor organization. 

1.2.1. From Industrial Labor to Knowledge Economy 

The global economy has shifted from industrial production toward 
knowledge-based activities. 

In the industrial era, value creation depended primarily on physical labor and 
standardized production. This transition increases demand for higher education, 
technical expertise, and continuous learning. Workers must adapt to rapidly 
evolving technological environments. 

2. Automation and Job Displacement 
Automation has become one of the most transformative forces in modern labor 
markets. Technological systems increasingly perform tasks that were 
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traditionally carried out by human workers. While automation improves 
efficiency and productivity, it also raises concerns about job displacement and 
structural unemployment. 

The impact of automation is not uniform across sectors or skill levels. Some 
occupations face high substitution risks, while others are transformed rather 
than eliminated. 

2.1. Artificial Intelligence and Task Automation 

Artificial intelligence (AI) extends automation beyond physical processes into 
cognitive domains. Unlike earlier mechanization, AI can analyze data, recognize 
patterns, and support decision-making processes. 

AI-driven automation affects task composition rather than entire occupations. 
Many jobs consist of multiple tasks, some of which are automatable while others 
require human judgment, creativity, or emotional intelligence. 

2.2. Robotics and Industrial Production 

Robotics represents the physical dimension of automation. Industrial robots 
perform repetitive, hazardous, or precision-based tasks with high efficiency. 

Robotic integration increases output and reduces operational costs, but it may 
also reduce demand for certain manual labor positions. 

2.2.1. Manufacturing Sector Transformation 

Manufacturing has experienced significant technological transformation 
through robotics and smart production systems. 

While automation reduces low-skilled manufacturing jobs, it creates demand for 
technicians, engineers, and system operators who manage and maintain 
advanced machinery. 

2.3. High-Risk Sectors 

Certain sectors face higher exposure to automation due to the routine nature of 
their tasks. 
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2.3.1. Transportation 

Advancements in autonomous vehicle technology pose potential risks to drivers 
in trucking, delivery, and public transportation. 

Although large-scale displacement has not yet fully materialized, technological 
development suggests gradual transformation in this sector. 

2.3.2. Retail and Services 

Retail and service industries increasingly use: 

 •Self-checkout systems 

 •Automated customer service bots 

 •Online platforms 

These technologies reduce the need for traditional cashier and service roles 
while increasing demand for digital management and logistics positions. 

2.3.3. Administrative Occupations 

Administrative roles involving documentation, scheduling, and basic accounting 
are highly automatable. 

This creates vulnerability for clerical positions, particularly those based on 
repetitive digital tasks. 

3. Job Creation and Emerging Professions 
While automation raises concerns about job displacement, technological 
transformation simultaneously creates new employment opportunities. 
Historically, technological revolutions have restructured labor markets rather 
than eliminating work entirely. The digital era follows a similar pattern: certain 
occupations decline, while new sectors and professions emerge. 

Job creation in the digital age is primarily driven by innovation, technological 
integration, and sustainability-oriented economic transformation. 
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3.1. Digital Economy Careers 

The expansion of the digital economy has generated demand for specialized 
technical professions. As data becomes a central economic resource, companies 
increasingly rely on digital expertise to maintain competitiveness. 

Digital economy careers typically require advanced analytical skills, 
technological literacy, and continuous adaptation to evolving tools and systems. 

3.1.1. Cybersecurity Specialists 

As digital infrastructures expand, cybersecurity becomes a critical priority for 
governments, corporations, and international organizations. 

The increasing frequency of cyber threats has created a global shortage of 
skilled cybersecurity professionals. This gap contributes to rising wages and 
strong employment prospects in the field. 

Moreover, cybersecurity is no longer limited to IT departments. It is integrated 
into finance, healthcare, energy, defense, and public administration sectors. 

3.1.2. AI Engineers and Data Scientists 

Artificial intelligence and big data analytics are at the core of digital 
transformation. 

AI engineers design and implement machine learning models, automation 
systems, and intelligent software solutions. Data scientists analyze large 
datasets to generate insights that guide business strategies and policy 
decisions. 

As industries increasingly rely on data-driven decision-making, demand for AI 
engineers and data scientists continues to expand globally. 

3.2. Green Economy Employment 

Technological transformation is closely linked to sustainability and 
environmental policy. The transition toward low-carbon economies generates 
new employment opportunities in green industries. 
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Green employment combines environmental objectives with economic 
development. 

3.2.1. Renewable Energy Jobs 

The global shift toward renewable energy sources such as solar, wind, and 
hydroelectric power creates demand for skilled workers. 

Investment in clean energy not only supports environmental goals but also 
stimulates job creation in both developed and emerging economies. 

3.2.2. Sustainable Technology Roles 

Sustainable technology roles focus on innovation that reduces environmental 
impact. These roles require interdisciplinary knowledge, combining engineering, 
environmental science, and digital expertise. 

3.3. Innovation and Entrepreneurship 

Technological change fosters entrepreneurial activity. Start-ups and 
innovation-driven enterprises create new business models, digital platforms, 
and technological solutions. 

Digital platforms reduce entry barriers for entrepreneurs by lowering 
operational costs and expanding access to global markets. 

Innovation ecosystems, particularly in technology hubs, play a crucial role in 
shaping future employment structures. 

4. Skills Transformation and Workforce Adaptation 
Technological transformation does not only alter employment structures; it 
fundamentally changes the skills required in the labor market. As automation 
and digitalization reshape industries, workers must continuously adapt to 
remain competitive. 

The modern labor market increasingly prioritizes analytical thinking, 
technological competence, adaptability, and problem-solving abilities. This shift 
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creates both opportunities and structural challenges, particularly in education 
systems and workforce training mechanisms. 

Workforce adaptation is therefore not optional but essential for sustainable 
economic growth and social stability. 

4.1. The Digital Skills Gap 

The digital skills gap refers to the mismatch between the skills demanded by 
employers and the skills possessed by the workforce. 

Rapid technological advancement often outpaces education systems and 
vocational training programs. As a result, many economies face shortages in 
high-skilled digital professions while simultaneously experiencing 
unemployment in low-skilled sectors. 

4.1.1. STEM Education 

STEM education (Science, Technology, Engineering, and Mathematics) plays a 
critical role in preparing the workforce for a technology-driven economy. 

Countries investing heavily in STEM education tend to demonstrate stronger 
technological competitiveness and innovation capacity. 

However, challenges remain, including unequal access to quality education, 
gender disparities in STEM participation, and insufficient alignment between 
academic curricula and labor market needs. 

4.1.2. Digital Literacy 

Digital literacy extends beyond basic computer skills. In a digitized economy, 
digital literacy becomes a fundamental requirement across nearly all 
professions, not only in technology-related fields. 

Low levels of digital literacy can limit employment opportunities and increase 
vulnerability to economic marginalization. Therefore, inclusive digital literacy 
initiatives are essential for equitable workforce participation. 
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4.2. Reskilling and Upskilling Policies 

As technological change accelerates, workers must acquire new skills to 
transition between occupations or upgrade their competencies within existing 
roles. 

Reskilling refers to training individuals for entirely new professions, while 
upskilling enhances existing skill sets to meet evolving job requirements. 

Effective reskilling and upskilling policies help reduce unemployment risks and 
support smoother labor market transitions. 

4.3. Lifelong Learning Systems 

In the digital era, education can no longer be limited to early-life academic 
training. Lifelong learning systems promote continuous skill development 
throughout an individual’s career. 

Countries that institutionalize lifelong learning frameworks are better positioned 
to manage technological disruption and maintain employment stability in 
rapidly evolving economic environments. 

5. Socio-Economic Impacts 
Technological transformation in the labor market does not produce uniform 
outcomes. While it increases productivity and creates new economic 
opportunities, it also generates structural inequalities and social tensions. 

Automation, digitalization, and artificial intelligence reshape wage structures, 
employment stability, and social mobility. These changes influence income 
distribution, generational opportunities, gender equality, and regional 
development patterns. 

The socio-economic impacts of technological change therefore extend beyond 
employment statistics and affect the broader social fabric. 
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5.1. Wage Inequality and Labor Polarization 

Technological progress often leads to labor polarization, where employment 
growth concentrates in high-skilled and low-skilled occupations, while 
middle-skilled jobs decline. Automation tends to replace routine and repetitive 
tasks, many of which traditionally belonged to middle-income positions. As a 
result, wage distribution becomes increasingly uneven. This polarization 
contributes to widening income inequality and social fragmentation. 

5.2. Youth and Gender Employment Gaps 

Technological transformation affects demographic groups differently. Youth and 
women often face distinct structural barriers within evolving labor markets. 

Without inclusive policies, digital transformation risks reinforcing existing 
inequalities. 

5.2.1. Youth Unemployment in the Digital Era 

Young individuals entering the labor market encounter both opportunities and 
challenges. While digital sectors offer innovative career paths, entry often 
requires advanced technical skills and prior experience many young workers 
struggle with. Persistent youth unemployment can lead to long-term income 
instability and reduced economic participation. Investing in targeted training 
and internship programs can facilitate smoother school-to-work transitions. 

5.2.2. Gender Disparities in Tech Sectors 

Despite overall progress in education, women remain underrepresented in 
technology-driven sectors. These disparities contribute to wage inequality and 
limit innovation potential. Promoting gender-inclusive digital policies and equal 
access to training programs is essential for achieving balanced workforce 
participation. 

5.3. Regional Disparities and Urbanization 

Technological transformation often concentrates economic activity in urban 
centers with advanced infrastructure and innovation ecosystems. 
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Rural and less-developed regions may struggle to attract digital investments 
and skilled labor. This imbalance can widen regional income disparities and 
accelerate internal migration toward metropolitan areas. 

Urbanization linked to technological growth can stimulate economic dynamism, 
but it may also create housing pressures, infrastructure strain, and social 
inequality within cities. 

Balanced regional development policies are therefore crucial to ensure that 
technological progress benefits broader segments of society rather than 
deepening geographical divides. 

6. Remote Work and Platform Economy 
Technological advancement and digital connectivity have significantly 
transformed traditional work structures. The expansion of remote work models 
and digital labor platforms has reshaped how, where, and under what conditions 
people work. 

The COVID-19 pandemic accelerated these changes, normalizing flexible work 
arrangements and expanding the platform-based economy. While these 
developments provide flexibility and new income opportunities, they also 
introduce regulatory, social protection, and productivity challenges. 

Understanding remote work and platform economies is therefore essential to 
evaluating the future structure of labor markets. 

6.1. Post-Pandemic Labor Transformation 

The pandemic acted as a catalyst for digital transformation in labor markets. 
Organizations rapidly adopted digital tools, remote collaboration systems, and 
cloud-based infrastructures. 

This shift altered employer expectations, employee preferences, and 
organizational strategies. Many sectors discovered that physical presence was 
not always necessary for productivity, leading to permanent structural 
adjustments in work models. 

69 

IU Youth G20 Summit 2026 
Artificial Intelligence  



 

 

6.1.1. Remote Work Expansion 

Remote work expanded significantly during and after the pandemic. Digital 
communication platforms enabled employees to perform tasks from home or 
geographically distant locations. However, challenges also emerged, such as 
reduced social interaction, blurred work boundaries, and unequal access to 
digital infrastructure. Remote work remains more prevalent in high-skilled and 
service-oriented sectors, highlighting disparities between occupations. 

6.1.2. Hybrid Work Models 

Hybrid work models combine remote and in-person work arrangements. Many 
organizations have adopted flexible schedules allowing employees to split time 
between home and office environments. 

While hybrid models can enhance employee satisfaction, they also require clear 
performance metrics and digital coordination mechanisms to ensure fairness 
and efficiency. 

6.2. Gig Economy and Informal Employment 

The platform economy has expanded rapidly, enabling individuals to provide 
services through digital platforms such as ride-sharing, food delivery, freelance 
marketplaces, and micro-task applications. The gig economy offers flexibility 
and income diversification but often operates outside traditional labor 
protections. 

This transformation challenges existing employment classifications and social 
protection frameworks. 

6.2.1. Platform Workers’ Rights 

Platform workers frequently face ambiguity regarding their employment status. 
Many are classified as independent contractors rather than employees. Debates 
continue over whether platform workers should receive employee protections or 
maintain independent contractor status. Policymakers must balance flexibility 
with labor rights and fairness. 
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6.2.2. Social Protection Challenges 

Traditional social security systems are typically linked to formal employment 
relationships. The growth of gig work complicates access to: 

 •Pension systems 

 •Unemployment insurance 

 •Health coverage 

 •Workplace injury protection 

Without regulatory adaptation, platform workers risk long-term economic 
insecurity. 

Developing portable benefits systems and inclusive social protection models is 
increasingly important in platform-driven economies. 

6.3. Productivity and Work-Life Balance 

Remote and platform-based work structures influence productivity patterns and 
employee well-being. 

On one hand, flexible arrangements can increase autonomy and reduce 
commuting-related stress. On the other hand, constant digital connectivity may 
lead to overwork, burnout, and blurred boundaries between professional and 
personal life. 

Balancing efficiency with well-being will be a central challenge in shaping the 
future of work. 

7. G20 Countries’ Labor Market Policies and Approaches 
G20 countries adopt diverse labor market strategies in response to 
technological transformation, automation, and digitalization. While advanced 
economies emphasize innovation and high-skilled employment, emerging 
economies focus on structural reform, employment generation, and skills 
development. 
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National policies reflect differences in economic structure, demographic 
composition, and technological capacity. However, common priorities include 
digital skills investment, employment protection reform, and social safety net 
modernization. 

7.1. Argentina 

Argentina prioritizes employment formalization and youth labor market 
integration. Government initiatives aim to support digital entrepreneurship and 
reduce informal employment, which remains a structural challenge. 

7.2. Australia 

Australia emphasizes skills training, digital workforce development, and 
vocational education reform. Policies focus on aligning education systems with 
emerging technological demands. 

7.3. Brazil 

Brazil addresses labor informality and regional disparities while promoting 
digital inclusion. Workforce policies increasingly integrate reskilling programs 
for technology-driven sectors. 

7.4. Canada 

Canada invests heavily in digital skills, immigration-based talent attraction, and 
inclusive workforce participation. The country promotes gender equality and 
workforce diversity within technology sectors. 

7.5. China 

China integrates industrial modernization with workforce transformation. 
Policies support large-scale reskilling initiatives and technological innovation to 
maintain global competitiveness. 
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7.6. France 

France implements active labor market policies, including vocational training 
reforms and digital transformation programs. Social protection remains central 
to workforce adaptation strategies. 

7.7. Germany 

Germany’s dual education system plays a crucial role in workforce resilience. 
The country emphasizes Industry 4.0 integration, apprenticeship models, and 
technical training. 

7.8. India 

India focuses on digital expansion and youth employment. National skill 
development missions aim to prepare a large workforce for technology-oriented 
sectors while addressing informal employment. 

7.9. Indonesia 

Indonesia prioritizes digital economy growth and workforce upskilling. 
Government programs encourage entrepreneurship and vocational education to 
support structural transformation. 

7.10. Italy 

Italy concentrates on reducing youth unemployment and modernizing 
vocational training systems. Labor reforms aim to enhance flexibility while 
maintaining worker protections. 

7.11. Japan 

Japan faces demographic aging and labor shortages. Policies encourage 
automation adoption, female labor force participation, and continuous 
workforce training. 
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7.12. Mexico 

Mexico focuses on industrial competitiveness and workforce formalization. 
Policies support manufacturing modernization and technical training programs. 

7.13. Russia 

Russia invests in digital sovereignty and technological self-sufficiency. 
Workforce strategies emphasize technical education and innovation capacity 
development. 

7.14. Saudi Arabia 

Saudi Arabia’s Vision 2030 reforms promote economic diversification and 
workforce nationalization. Investments target digital sectors and youth 
employment expansion. 

7.15. South Korea 

South Korea prioritizes high-tech innovation and digital infrastructure. 
Education reform and advanced skills training are central to maintaining 
technological leadership. 

7.16. United Kingdom 

The United Kingdom promotes digital economy expansion and flexible labor 
markets. Policies emphasize reskilling programs and support for tech 
entrepreneurship. 

7.17. United States 

The United States combines private sector innovation with workforce retraining 
initiatives. Federal and state-level programs support digital skills development 
and employment transition. 
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7.18. Türkiye 

Türkiye focuses on digital transformation strategies, vocational training 
expansion, and youth employment programs. Policies aim to reduce informality 
and increase workforce competitiveness. 

7.19. South Africa 

South Africa addresses structural unemployment and inequality through skills 
development programs and digital inclusion strategies. Youth employment 
remains a central policy concern. 

7.20. European Union 

The EU approaches this impact not as a mere side effect of innovation, but as a 
fundamental shift requiring a rights-based, human-centric regulatory 
architecture to ensure social stability and economic resilience.  

8. G20 Initiatives on Employment and Workforce 
Development 

The G20 plays a central role in shaping global labor market governance by 
coordinating economic strategies among the world’s largest economies. As 
technological transformation accelerates, the G20 increasingly integrates 
employment, digitalization, and workforce development into its agenda. 

G20 labor ministers’ meetings and leaders’ declarations emphasize sustainable 
growth, inclusive employment, and digital readiness. The organization promotes 
coordinated action to address skills mismatches, structural unemployment, and 
social inequality. 

Workforce development is therefore recognized not only as a national 
responsibility but as a shared global priority. 

8.1. Digital Skills Strategies 

The G20 supports the development of comprehensive digital skills strategies 
aimed at preparing workers for emerging technologies. 
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By fostering digital competencies, G20 initiatives aim to enhance global 
competitiveness while reducing the digital divide between and within countries. 

8.2. Inclusive Growth Frameworks 

Inclusive growth remains a core principle within G20 employment discussions. 
The objective is to ensure that technological progress benefits broader 
segments of society rather than increasing inequality. 

Inclusive growth frameworks promote: 

•Youth employment strategies 

•Women’s labor force participation 

•Support for small and medium-sized enterprises (SMEs) 

•Regional development policies 

These initiatives seek to balance productivity gains with social cohesion, 
preventing labor market polarization from deepening socio-economic 
disparities. 

8.3. Social Protection Reforms 

Technological disruption and platform-based employment models challenge 
traditional social protection systems. The G20 acknowledges the need to 
modernize welfare frameworks to reflect evolving labor structures. 
Strengthening social safety nets enhances economic resilience and reduces 
vulnerability during labor market transitions. 

8.4. Public-Private Cooperation 

Effective workforce development requires collaboration between governments 
and the private sector. The G20 encourages public-private partnerships to align 
education systems with market needs. Public-private coordination improves 
policy effectiveness by ensuring that skills development programs reflect real 
economic demands. 
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9. Policy Recommendations 
As Artificial Intelligence (AI) and semiconductor technologies redefine the 
global economic landscape, G20 member states must adopt proactive and 
coordinated policy frameworks. These recommendations aim to balance 
technological advancement with social stability and economic resilience. 

9.1. Education Reform and Future Skills 

The rapid integration of AI into the workforce necessitates a fundamental shift 
in educational paradigms. G20 nations should prioritize: 

• Curriculum Modernization: Integrating computational thinking, data literacy, 
and AI ethics into primary and secondary education systems to prepare the 
next generation for an AI-augmented reality.   

• Lifelong Learning and Reskilling: Establishing national transition funds to 
support the reskilling of workers in sectors highly susceptible to automation, 
such as manufacturing and administrative services.   

• STEM Promotion: Enhancing investments in Science, Technology, Engineering, 
and Mathematics (STEM) fields, particularly focusing on semiconductor 
engineering and advanced machine learning research.   

9.2. Inclusive Digital Transition Policies 

To prevent a widening "digital divide" between advanced and emerging 
economies, the G20 must ensure that the benefits of technological progress are 
equitably distributed: 

• Infrastructure Accessibility: Promoting global partnerships to expand 
high-speed internet access and cloud computing resources in developing G20 
regions.   

• Democratizing AI Tools: Encouraging open-source AI development and shared 
dataset repositories to prevent technological monopolization by a few 
corporate or state actors.   
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• SME Support: Providing specialized digital transformation grants and technical 
guidance for Small and Medium-sized Enterprises (SMEs) to integrate AI into 
their operational models.   

9.3. Strengthening Social Safety Nets 

As automation alters traditional employment structures, social security systems 
must evolve to protect vulnerable populations: 

• Portable Benefits: Developing social security models where benefits are tied to 
the individual rather than a specific employer, catering to the rising "gig 
economy" influenced by digital platforms.   

• Universal Basic Services: Exploring the expansion of public services 
(healthcare, education, digital access) as a buffer against potential income 
volatility caused by rapid AI-driven market shifts.   

• Algorithmic Fairness in Welfare: Ensuring that AI systems used in social 
welfare allocation are transparent, audited for bias, and subject to human 
oversight to prevent systemic discrimination.   

9.4. Sustainable Employment Strategies 

The transition to an AI-driven economy must be both productive and 
sustainable: 

• Human-in-the-Loop Frameworks: Promoting "Augmented Intelligence" where 
AI enhances human capabilities rather than replacing them, particularly in 
high-stakes sectors like healthcare and legal services.   

• Green Tech Job Creation: Aligning technological investments with the G20’s 
"Green Transition" goals, fostering employment in eco-friendly chip 
manufacturing and sustainable AI data centers. 

• Global Labor Standards: Advocating for international labor norms that address 
the unique challenges of digital labor, ensuring fair wages and ethical working 
conditions in AI data-labeling and content-moderation supply chains.   
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Conclusion 
In conclusion, the dual emergence of advanced Artificial Intelligence and the 
critical importance of semiconductor supply chains represents a pivotal moment 
for global governance. The G20, representing the world's most influential 
economies, holds a unique responsibility to harmonize the pursuit of innovation 
with the preservation of ethical standards and human rights. Ultimately, the 
success of the digital age will not be measured solely by the speed of our 
processors or the complexity of our algorithms, but by our ability to ensure that 
these advancements serve the collective well-being of humanity, drive inclusive 
growth, and maintain global peace in an increasingly interconnected world.   
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