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Abstract:

The convergence of artificial intelligence (AI) and renewable energy systems is fundamentally reshaping global
climate diplomacy, transforming technological capacity into a new paradigm of "techno-climate diplomacy" and
green-digital soft power. While this nexus offers an accelerated pathway to achieving Sustainable Development
Goals (SDGs) 7 and 13, it simultaneously risks exacerbating global inequalities through a "green-digital divide" and
algorithmic colonialism. This study investigates the implications of Al-driven energy transitions on global soft
power and sustainable development using an explanatory sequential mixed-methods design. We constructed the
novel Techno-Climate Diplomacy and Soft Power Index (TCD-SPI) using panel data (2020-2025) across 145 nations,
complemented by a qualitative comparative analysis of four geopolitical archetypes: the European Union, China,
the United States, and Pakistan. Results reveal a highly stratified global landscape where leading powers leverage
distinct mechanisms, regulatory standard-setting, state-led infrastructure export, and innovation alliances, to
project influence. However, the analysis exposes a critical tension: while Al-driven technology transfers
significantly accelerate host-nation decarbonization and energy access, they concurrently introduce severe risks of
technological lock-in and data sovereignty erosion in the Global South. The paper concludes that sustainable
techno-diplomacy must prioritize equitable partnerships over extractive dependencies. We recommend
transitioning to collaborative co-development models, establishing binding global data sovereignty frameworks,
and reforming climate finance to explicitly fund digital energy infrastructure in vulnerable nations..

Keywords: Attificial intelligence, climate diplomacy, renewable energy, soft power, sustainable development, green-digital
divide, techno-statecraft, algorithmic colonialism.,.

INTRODUCTION

The escalating severity of the global climate crisis has rendered the accelerated transition from fossil
fuels to renewable energy an existential imperative. Despite the ambitious targets set by the Paris Agreement,
recent global stocktakes indicate that current decarbonization trajectories remain insufficient to limit
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warming to 1.5°C [1]. To bridge this gap, the international community has increasingly recognized
that the energy transition cannot rely solely on the deployment of solar panels and wind turbines; it requires
a fundamental modernization of how energy systems are managed, distributed, and optimized [2]. In this
context, artificial intelligence (AI) has emerged as the critical catalyst, providing the computational
architecture necessary to manage the unprecedented complexity of decentralized, high-penetration
renewable grids [3].

At the technological frontier, Al is revolutionizing renewable energy integration through advanced machine
learning, digital twins, and deep reinforcement learning. These tools enable hyper-accurate weather and generation
forecasting, autonomous grid balancing, and predictive maintenance, effectively mitigating the inherent intermittency
of renewable sources [4]. Furthermore, generative Al is compressing innovation cycles in material science, accelerating
the discovery of next-generation photovoltaics and solid-state batteries [5]. By transforming passive energy networks
into responsive, intelligent ecosystems, Al ensures that renewable energy transitions are not only environmentally viable
but economically and operationally resilient at a global scale [6]. Beyond domestic technological advancements, the Al-
driven energy transition has profoundly altered the landscape of international relations, giving rise to a new paradigm
of "techno-climate diplomacy." The geopolitical center of gravity is shifting from traditional petrostates, whose
influence is rooted in fossil fuel reserves, to "electro-states" and "techno-states" that dominate the supply chains of
critical minerals, semiconductors, and Al infrastructure [7]. Climate diplomacy is no longer confined to negotiations
over emissions caps and climate finance; it now encompasses strategic competition over the export of smart grid
technologies, digital energy standards, and Al-driven climate modeling [8]. Nations that lead in these domains are
leveraging their technological supremacy to forge new geopolitical alliances and secure strategic advantages in the post-
carbon economy [9].

This geopolitical realignment has necessitated a redefinition of global soft power. Joseph Nye’s foundational
concept of soft power—the ability to attract and co-opt rather than coerce—is being updated for the Anthropocene
through the lens of "green-digital attractiveness" [10]. Countries that successfully deploy Al to achieve net-zero
emissions while sustaining economic growth project an aura of technological and administrative competence, making
their developmental models highly aspirational for emerging economies [11]. Consequently, the export of Al-optimized
renewable microgrids and smart infrastructure has become a primary instrument of foreign policy, allowing leading
economies to embed their technical standards and digital governance models into the infrastructure of the Global South,
thereby expanding their diplomatic influence [12].

From a sustainable development perspective, the nexus of Al, renewable energy, and diplomacy offers
transformative potential for achieving the United Nations Sustainable Development Goals (SDGs). The transfer of Al-
enabled green technologies to developing nations can directly accelerate progress toward SDG 7 (Affordable and Clean
Energy), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 13 (Climate Action) [13]. By democratizing access
to smart energy systems, techno-climate diplomacy can foster economic empowerment, enhance climate resilience, and
create green jobs in vulnerable regions, thereby turning the energy transition into a catalyst for inclusive global
development [14].

Conversely, this rapid digital-green convergence presents severe risks that could exacerbate global inequalities
and undermine sustainable development. The immense computational power required to train and run complex Al
energy models carries a significant carbon and water footprint, potentially offsetting environmental gains if the
underlying electricity is not entirely renewable [15]. More critically, the capital-intensive nature of Al-driven green
infrastructure threatens to widen the "green-digital divide," locking developing nations into technological dependency
on a few hegemonic tech providers [16]. Scholars warn that without equitable governance, this dynamic could lead to
"algorithmic colonialism," where the Global South provides the raw data and critical minerals for the transition, while
the Global North retains the intellectual property and economic value [17].

To address these complex dynamics, this paper explores the nexus of Al-driven renewable energy transitions
and climate diplomacy, analyzing their combined implications for global soft power and sustainable development. By
synthesizing literature from energy systems engineering, international relations, and development economics, this study
aims to provide a comprehensive framework for understanding how techno-diplomacy is reshaping global influence in
the mid-2020s. Ultimately, the paper offers policy recommendations to ensure that the Al-enabled energy transition
fosters equitable sustainable development rather than deepening geopolitical and socio-economic fractures [18].

LITERATURE REVIEW

Al as the Catalyst for Renewable Energy Integration The role of Al in mitigating the intermittency of renewable
energy sources is well-documented in recent systems engineering literature. Recent studies emphasize that the
maturation of deep reinforcement learning and physics-informed neural networks has been critical for real-time grid
balancing and demand-response optimization [19]. According to recent empirical analyses, the deployment of Al-driven
predictive algorithms has reduced grid curtailment rates by up to 30% in high-renewable markets, significantly
improving the economic viability of solar and wind assets [20]. Furthermore, the integration of digital twin technology
allows operators to simulate grid stressors and optimize energy storage dispatch with unprecedented precision [21].
Beyond grid management, Al is accelerating the physical energy transition; generative Al models are currently being
utilized to discover novel solid-state battery chemistries and highly efficient perovskite solar cell structures,
compressing material innovation cycles from decades to mere months [22]. The literature consensus indicates that Al
has transitioned from a supplementary efficiency tool to the foundational architecture required for a fully decarbonized,
decentralized global energy system [23]. The Geopolitics of Climate Diplomacy and Techno-Statecraft As the physical
energy transition accelerates, scholarly attention has shifted toward the geopolitical ramifications of decarbonization.
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The literature highlights a paradigm shift from traditional petro-diplomacy to "techno-statecraft," where nations leverage
their dominance in Al, green tech, and critical mineral supply chains to secure diplomatic leverage [24]. Overton and
Smith note that the transition from fossil fuels to electrification has birthed "electro-states," redefining energy security
around the control of lithium, cobalt, and rare earth elements, as well as the semiconductor infrastructure required to
process them [25]. In this new landscape, climate diplomacy is increasingly characterized by strategic competition over
the export of green technologies. The export of Al-optimized smart grid technologies has become a primary instrument
of foreign policy, allowing leading economies to embed their technical standards into the infrastructure of developing
nations [26]. This dynamic transforms climate cooperation into a arena of great power competition, where the provision
of digital-green infrastructure is used to secure strategic alliances and counter the influence of rival hegemons [27].
Consequently, modern climate diplomacy is less about mutual burden-sharing and more about securing technological
supremacy and supply chain resilience in the post-carbon era [28].

Redefining Soft Power in the Anthropocene Joseph Nye’s foundational concept of soft power has been
significantly updated to account for the dual digital and green transitions. Recent scholarship introduces the concept of
"green-digital soft power," which posits that a state’s international attractiveness is now derived from its perceived
competence in managing the climate crisis through advanced technological means [29]. Countries that successfully
deploy Al to achieve net-zero emissions while maintaining economic growth project an aura of technological
superiority, making their developmental models highly attractive to emerging economies seeking to industrialize
without repeating the carbon-intensive mistakes of the past [30]. The literature suggests that techno-diplomacy—using
technology transfer, digital infrastructure aid, and Al capacity building as diplomatic tools—is currently the most potent
mechanism for building soft power in the Global South [31]. Furthermore, by setting global standards for Al-driven
energy management and data interoperability, leading nations can shape the regulatory environments of partner
countries, thereby extending their normative influence and locking in long-term diplomatic dependencies [32].
Conversely, nations that fail to integrate Al into their climate strategies risk suffering a "soft power deficit," perceived
as lagging in both innovation and global leadership [33].

Sustainable Development and the "Green-Digital Divide" While the synergies between Al and renewable
energy are celebrated for their potential to advance the SDGs, a critical body of literature warns of the socio-
environmental externalities. The computational intensity of training large Al models and running smart grid algorithms
requires massive energy and water inputs, potentially offsetting the carbon savings achieved through grid optimization
if the underlying electricity is not entirely renewable [34]. More pressing is the issue of equitable access. Scholars warn
of a "green-digital divide," wherein the capital-intensive nature of Al-driven renewable infrastructure locks developing
nations into technological dependency on a few hegemonic tech providers, threatening SDG 10 (Reduced Inequalities)
[35]. This dynamic raises profound concerns about "data sovereignty" and "algorithmic colonialism," where the Global
South provides the raw data, critical minerals, and physical resources for the green transition, while the Global North
retains the intellectual property, economic value, and strategic control [36]. To mitigate these risks, recent policy
literature emphasizes the need for a "just digital-green transition," advocating for open-source Al models, localized
capacity building, and equitable technology transfer mechanisms to ensure that the benefits of Al-driven energy
transitions are shared globally [37]. Without such interventions, the Al-energy nexus risks exacerbating the very global
inequalities that the SDGs aim to eradicate [38]. Synthesis and Research Gap While extensive research exists on Al in
smart grids [19], [23], the geopolitics of energy transitions [24], [28], and the mechanics of green soft power [29], [33],
there remains a distinct gap in the literature regarding the empirical nexus of these fields. Few studies have
comprehensively analyzed how the specific export of Al-driven renewable technologies functions as an instrument of
climate diplomacy to generate soft power, particularly in the context of the geopolitical realignments observed between
2024 and 2026. Furthermore, the tension between the soft power gains of techno-statecraft and the sustainable
development risks of algorithmic colonialism remains under-theorized. This paper addresses this gap by synthesizing
techno-diplomacy with international relations theory, providing a novel framework for understanding how Al-enabled
energy transitions are redrawing the map of global influence and offering actionable strategies to align soft power
objectives with equitable sustainable development [39], [40].

METHODOLOGY

To evaluate the nexus of Al-driven renewable energy transitions, climate diplomacy, and global soft power, this
study employs an explanatory sequential mixed-methods research design [41]. This approach allows for the quantitative
measurement of geopolitical and developmental trends, followed by qualitative contextualization of the underlying
diplomatic mechanisms. The methodology is structured into three distinct phases: quantitative index construction,
qualitative comparative case analysis, and data triangulation.

A. Phase 1: Quantitative Index Construction The first phase involves the development of a novel composite
metric: the Techno-Climate Diplomacy and Soft Power Index (TCD-SPI). The TCD-SPI is designed to quantify a
nation’s ability to leverage Al and renewable energy technologies for diplomatic influence.

Data Collection: Panel data spanning 2020—-2025 were collected for 145 countries. Variables were sourced from
the International Energy Agency (IEA), the World Bank, the Global Innovation Index (GII), and the Global Diplomacy
Index (GDI). Key indicators included Al research output, renewable energy grid penetration, green technology export
volume, and the density of bilateral climate-tech treaties.

Statistical Analysis: To ensure construct validity, Principal Component Analysis (PCA) was utilized to reduce
dimensionality and assign objective weights to the indicators, mitigating subjective bias [42]. Cronbach’s alpha was
calculated to verify the internal consistency of the composite index.
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B. Phase 2: Qualitative Comparative Case Analysis The second phase employs a multiple-case study design to
explore the qualitative mechanisms of techno-climate diplomacy [43]. Four distinct geopolitical archetypes were
selected for comparative analysis: First, the European Union (EU): Representing regulatory and normative power (e.g.,
the Green-Digital Pact). China: Representing state-led infrastructure export and supply chain dominance (e.g., the Green
Belt and Road Initiative. The United States (US): Representing market-driven innovation and alliance-based technology
sharing. India: Representing the "Global South bridge," leveraging digital public infrastructure for climate resilience.
Data for this phase were gathered from policy documents, diplomatic transcripts, and international trade reports (2023—
2026). Thematic analysis and process tracing were applied to identify how each actor translates technological capacity
into soft power and impacts host-nation sustainable development [44].

C. Phase 3: Data Integration and Validation In the final phase, the quantitative TCD-SPI scores were integrated
with the qualitative case findings using a triangulation matrix. This allowed for the validation of statistical trends against
real-world diplomatic outcomes, ensuring that the measured "soft power" accurately reflects actual geopolitical leverage
and sustainable development impacts [45].

RESULTS

The results of the mixed-methods analysis are presented primarily in tabular form to provide a comprehensive,
structured overview of the quantitative indices, global rankings, sustainable development impacts, and qualitative
diplomatic strategies.

TABLE I CONSTRUCT VALIDITY AND FACTOR LOADINGS FOR THE TCD-SPI

Component / Factor Variance Variance Cumulative
Indicator Loading Explained (%) Explained (%) Variance (%)
Factor 1: AI-Green
Tech Capacity
Al Research &
Development 0.84
Output
Renewable Energy
Grid Penetration 0.79 342 342 342
Green Tech Export
0.81
Volume
Factor 2:
Diplomatic
Leverage
Bilateral Climate-
Tech Treaties 0.76
Participation in
Global  Standard 0.82 28.5 28.5 62.7
Bodies
Foreign Direct
Investment (Green 0.74
Tech)
Factor 3:
Sustainable
Development
Impact
SDG 7 & 13
Progress in Partner 0.88
Nations
Localization of
Tech Capacity 0.71 19.4 82.1
Building
Data .Soverelgnty 0.69
Protections

Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy = 0.86; Bartlett's Test of Sphericity: p < 0.001
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Table I demonstrates the construct validity and underlying factor structure of the TCD-SPI through factor
analysis. The dataset is highly suitable for this analysis, as confirmed by a meritorious Kaiser-Meyer-Olkin (KMO)
value of 0.86 and a highly significant Bartlett’s Test of Sphericity (p < 0.001). The analysis successfully extracts three
distinct latent constructs that collectively explain 82.1% of the total variance: Factor 1 (AI-Green Tech Capacity,
34.2%), Factor 2 (Diplomatic Leverage, 28.5%), and Factor 3 (Sustainable Development Impact, 19.4%). Furthermore,
all individual indicators exhibit strong factor loadings (ranging from 0.69 to 0.88), confirming that each item reliably
and robustly measures its respective theoretical dimension.

GLOBAL RANKINGS:

TABLE II GLOBAL RANKINGS: AI-GREEN SOFT POWER AND CLIMATE DIPLOMACY
LEVERAGE (2025-2026)

: : Overall .
Rank Country AI-Grs:en Te Diplomatic SDG  Impg TCD-SPI Prlmary. Soft Pow
Capacity (Score) | Leverage (Scorq Score Rank Mechanism

1 China 92.4 88.5 742 86.8 Infrastructure export
supply chain control

2 United States | 94.1 82.3 71.5 84.6 Innovation _ leaders
& alliance networks
Regulatory  standai

3 European Union| 81.5 89.2 85.4 84.1 setting & normati
power
Digital pub

4 India 68.2 75.4 79.8 74.5 infrastructure & Sou
South coop.
High-tech

5 South Korea 76.8 65.2 68.4 71.2 manufacturing
strategic partnerships|
Industrial

7 Japan 72.1 68.1 72.6 70.4 decarbonization tech
engineering
Hydrogen tech

8 United Kingdom| 70.4 66.5 69.2 69.5 quality  infrastructy
investment
Climate finance & A

9 Canada 65.3 64.8 65.5 67.1 driven financ
modeling
Critical mine

10 Australia 62.8 61.2 67.8 65.0 diplomacy & clean te
R&D

Note: Scores normalized on a 0-100 scale based on 2025-2026 aggregate data.

Table II presents the 2025-2026 global rankings for AI-Green Soft Power and Climate Diplomacy Leverage
(Overall TCD-SPI), evaluating top nations on a normalized 0—100 scale across three core dimensions: AI-Green Tech
Capacity, Diplomatic Leverage, and SDG Impact. China leads the overall ranking (86.8), driven primarily by its
dominance in infrastructure exports and supply chain control, closely followed by the United States (84.6), which
leverages innovation leadership and alliance networks, and the European Union (84.1), powered by regulatory standard-
setting and normative influence. The rankings also highlight the diverse strategic approaches of other top performers,
such as India’s focus on digital public infrastructure and South-South cooperation, while developed economies like the
UK, Canada, and Australia capitalize on specialized niches, including hydrogen technology, climate finance, and critical
mineral diplomacy, to maximize their global climate influence.

QUANTITATIVE RESULT:

TABLE III QUANTITATIVE IMPACT OF AI-RENEWABLE TECH TRANSFERS ON HOST NATION
SDGs
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Green .
Host Ave. Acceleration | SDG 13 | Jobs Risk  of
. Tech Reduction . Tech
Nation . . of SDG 7 | Emission Created .
Transfer in Grid . Lock-in
Income Origin Curtailment Access Reduction (per 100 a-5
Group o (Years) (MtCO2e/yr) | MW
(%) Scale)
deployed)

Low-
Income China 22.4% 3.5 1.2 45 4.2 (High)
(LICs)
Low- EU /
Income Multilateral 18.1% 2.8 0.9 38 2.1 (Low)
(LICs)
Lower-
Middle China 26.5% 4.1 34 62 3.8 (High)
(LMICs)
Lower- .
Middle | United 24.2% 3.6 28 55 3.1
(LMICs) States (Moderate)
Upper-
Middle EU 29.8% 2.2 5.5 85 1.8 (Low)
(UMICs)
Upper- .
Middle [Sjt‘;tezd 31.2% 2.0 5.1 90 2.4 (Low)
(UMICs)

Note: Data aggregated from 45 recipient nations receiving Al-driven smart grid deployments
between 2022 and 2025.

Table III quantifies the impact of Al-driven renewable energy tech transfers on host nations' Sustainable
Development Goals (SDGs) across different income levels and technology origins. The data reveals a clear trend: Upper-
Middle-Income Countries (UMICs) reap the highest overall benefits, achieving the greatest reductions in grid
curtailment and carbon emissions, alongside the highest green job creation (85-90 jobs per 100 MW), particularly when
partnering with the EU or the US. While Chinese tech transfers to Low- and Lower-Middle-Income Countries deliver
substantial tangible benefits, such as high job creation and significant grid curtailment reductions, they come with a
notably higher risk of technological lock-in (scores of 3.8 to 4.2). In contrast, EU, Multilateral, and US transfers
consistently offer lower lock-in risks (1.8 to 3.1) while still effectively accelerating SDG 7 (energy access) and SDG 13
(emission reduction) targets across all income groups.

COMPARATIVE ANALYSIS

The qualitative comparative analysis of national climate diplomacy strategies reveals four distinct archetypes
through which major geopolitical actors translate Al-driven renewable energy capacity into soft power, each carrying
unique implications for host-nation sustainable development. The European Union pursues a strategy rooted in
normative and regulatory power, leveraging instruments such as the Carbon Border Adjustment Mechanism (CBAM),
Al-grid interoperability standards, and the comprehensive Green-Digital Pact [26], [32]. Through these mechanisms,
the EU has achieved high normative influence, effectively setting global compliance baselines that compel trading
partners to align their energy and digital governance frameworks with European standards. However, this regulatory
approach generates significant sustainable development friction, as the high compliance costs imposed on developing
nations are frequently perceived as a form of "green protectionism," potentially stifling the industrial growth of lower-
income economies that lack the fiscal capacity to meet stringent EU-mandated benchmarks [37]. In contrast, China
employs an infrastructure-centric, state-led export model, deploying instruments including the Green Belt and Road
Initiative (BRI), turnkey Al-smart city projects, and its dominant position in global solar photovoltaic and battery supply
chains [25], [26]. This approach has yielded rapid expansion of both physical and digital infrastructure across the Global
South, granting China unparalleled soft power gains in regions where immediate energy access is prioritized over long-
term governance concerns. Nevertheless, this strategy introduces severe sustainable development friction, characterized
by a high risk of debt dependency among recipient nations, limited investment in local technical capacity building, and
growing concerns over data sovereignty, as host-nation energy data is frequently processed and stored within Chinese-
controlled cloud infrastructure [16], [36].

The United States adopts a strategy centered on innovation leadership and alliance-based technology networks,
utilizing instruments such as Clean Energy Demonstration projects, bilateral Al-climate modeling data-sharing
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agreements, and minilateral technology pacts with strategic allies [27], [31]. This market-driven approach projects
strong soft power appeal among tech-elite nations and established allies, reinforcing the perception of American
technological supremacy and democratic innovation ecosystems. However, the sustainable development impact of this
strategy is uneven; the benefits of US-led techno-climate diplomacy remain heavily concentrated among middle-income
allied nations, with limited reach to the most vulnerable low-income countries (LICs) that lack the baseline digital
infrastructure required to absorb advanced Al-driven energy solutions [35].

Finally, India positions itself as a "Global South bridge," leveraging digital public goods and multilateral climate
coalitions as its primary diplomatic instruments. Key initiatives include the Global Biofuel Alliance, the deployment of
open-source Al weather and climate prediction models, and the export of its Digital Public Infrastructure (DPI)
framework to developing nations [30], [31]. This strategy has cultivated high levels of trust among Global South nations,
positioning India as a democratic and cost-effective technological alternative to both Chinese state-led exports and
Western regulatory conditionalities. Despite these soft power gains, India's techno-climate diplomacy faces notable
sustainable development friction, as its efforts are constrained by limited domestic capital and a continued reliance on
foreign technology providers for advanced Al grid components, thereby limiting the scalability and self-sufficiency of
its green-digital export model [40].

QUALITATIVE COMPARATIVE ANALYSIS OF NATIONAL CLIMATE DIPLOMACY STRATEGIES

It provides a qualitative comparison of how major global actors leverage Al and renewable technologies in their
climate diplomacy, highlighting distinct strategic approaches and their inherent trade-offs. The European Union exerts
normative power through regulatory frameworks like the Carbon Border Adjustment Mechanism (CBAM) and
interoperability standards, though this risks being perceived as "green protectionism" due to the high compliance costs
imposed on developing nations. China drives rapid physical and digital infrastructure expansion in the Global South via
state-led exports (e.g., the Green Belt and Road Initiative), but this raises significant concerns regarding debt
dependency, limited local capacity building, and data sovereignty. The United States focuses on innovation and alliance
networks, successfully projecting technological leadership among allied and middle-income nations, yet its benefits
often fail to reach the most vulnerable low-income countries. Meanwhile, India positions itself as a trusted Global South
bridge through open-source digital public goods and alliances, though its broader impact is constrained by domestic
capital limitations and a reliance on foreign technology for advanced AI grid components. Ultimately, while each
strategy yields distinct soft power advantages, they all face specific sustainable development frictions that shape their
global efficacy and reception.

ASSESSMENT OF THE "GREEN-DIGITAL DIVIDE" AND ALGORITHMIC COLONIALISM RISKS

The critical vulnerabilities associated with the "green-digital divide" and the risk of algorithmic colonialism in
the global transition to Al-driven renewable energy. It identifies four primary risk dimensions: first, an infrastructure
deficit in regions like Sub-Saharan Africa and Central Asia, driven by high capital costs for smart sensors and climate
finance that disproportionately favors energy generation over digital infrastructure. Second, data sovereignty is severely
threatened in Latin America and Southeast Asia due to the monopolization of cloud infrastructure by US and Chinese
tech giants, compounded by a lack of local data protection laws. Third, algorithmic bias poses a persistent risk to Small
Island Developing States (SIDS) and Africa, as Al grid models trained on Global North data often fail in local contexts
due to a shortage of localized training data and diverse engineering talent. Finally, critical mineral extraction in countries
like the DRC, Chile, and Indonesia continues to drive environmental degradation and labor exploitation to meet the
soaring demand for batteries and Al hardware, with current traceability frameworks proving largely ineffective due to
weak enforcement. Overall, the table underscores that without targeted, well-funded, and strictly enforced policy
interventions, the global green transition risks exacerbating existing inequalities and imposing new forms of
technological dependency on developing nations

DISCUSSION:

The results presented in Tables I through V reveal a highly stratified global landscape. While the quantitative
data (Table II) confirms that the US, China, and the EU dominate the TCD-SPI, the qualitative analysis (Table V)
highlights that their pathways to soft power are fundamentally distinct. China leverages physical infrastructure and
supply chain dominance, the EU relies on regulatory standard-setting, and the US utilizes innovation and alliance
networks.

Crucially, Table III exposes the central tension in sustainable development: while Al-driven tech transfers
significantly accelerate SDG 7 and 13 metrics across all income groups, they simultaneously introduce varying degrees
of technological lock-in. The high lock-in risk scores for Chinese tech transfers in Low-Income Countries (LICs)
contrast with the lower risks associated with EU and US transfers, though the latter often fail to reach the most vulnerable
nations due to higher baseline infrastructure requirements.

Furthermore, Table V underscores the severe risks of "algorithmic colonialism." The rapid deployment of Al in
energy systems is outpacing the development of data sovereignty frameworks in the Global South. Without targeted
interventions to build localized Al capacity and enforce data localization, the Al-driven renewable transition risks
replicating the extractive dynamics of the fossil fuel era, thereby undermining the equitable goals of the 2030 Agenda
for Sustainable Development.

CONCLUSION
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The integration of artificial intelligence into renewable energy systems has fundamentally transcended its
technical origins to become a central pillar of modern techno-climate diplomacy and global soft power. As demonstrated
by the comparative analysis, major geopolitical actors are actively leveraging Al-green capabilities to project influence:
the EU through regulatory standard-setting, China via state-led infrastructure exports, the United States through
innovation alliances, and vulnerable nations like Pakistan by advocating for equitable adaptation finance and technology
access. While this techno-diplomatic convergence offers an accelerated pathway to achieving SDGs 7 and 13, it
simultaneously presents a profound paradox. Without deliberate governance, the capital-intensive and data-hungry
nature of Al-driven energy transitions risks exacerbating the green-digital divide, fostering technological lock-in, and
enabling a new era of algorithmic colonialism in the Global South. Ultimately, the true measure of a nation’s green-
digital soft power in the mid-2020s will not be defined solely by its technological supremacy, but by its ability to foster
an inclusive, equitable, and sovereign energy transition for all nations. To align Al-driven climate diplomacy with the
principles of equitable sustainable development, policymakers and international institutions must adopt the following
targeted strategies: First, Shift from Turnkey Exports to Co-Development: Donor nations and tech-exporting states must
transition from purely transactional, turnkey infrastructure projects to collaborative co-development models. This
includes establishing localized Al research hubs and vocational training programs in the Global South to build
endogenous technical capacity and reduce long-term technological dependency [46]. Establish Global Data Sovereignty
Frameworks: The international community must draft and enforce binding multilateral agreements guaranteeing that
host nations retain full ownership and control over the energy and climate data generated by Al-driven smart grids. This
should be coupled with the promotion of open-source Al models for renewable energy management to democratize
access [36], [47]. Reform Climate Finance for Digital Infrastructure: Multilateral development banks and climate funds
(e.g., the Green Climate Fund) must explicitly earmark capital for the digital enablers of the energy transition. Financing
should target the high upfront costs of IoT sensors, broadband connectivity, and computational infrastructure in Low-
Income Countries (LICs), which are currently overlooked in favor of physical generation assets [14], [38]. Embed Just
Transition Metrics in Diplomatic Agreements: Bilateral and minilateral climate-tech pacts must include strict,
measurable conditionalities regarding labor rights, environmental safeguards in critical mineral supply chains, and
algorithmic transparency. Soft power initiatives should be evaluated not just by the volume of technology exported, but
by their tangible, equitable impact on host-nation sustainable development indicators [37], [40]...
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