The Technocene of the Desert: Digital Capital Accumulation, Strategic Sovereignty, and the Cognitive
Restructuring of the Saudi Economy
Vol-I

The Technocene of the Desert:

Digital Capital Accumulation,

Strategic Sovereignty, and the

Cognitive Restructuring of the
Saudi Economy

Vol-|

Dr. Syed Muntasir Mamun

Abstract
This research paper presents an exhaustive analysis of the Kingdom of Saudi
Arabia's strategic pivot toward Artificial Intelligence (Al) as the foundational
mechanism of its Vision 2030 economic diversification agenda. Utilizing the
theoretical frameworks of the "Technocene" and "Digital Capital," the study
investigates how the Saudi state is repurposing sovereign wealth to construct
a post-hydrocarbon techno-economic order. The paper scrutinizes the
operational mechanics of the National Strategy for Data and Al (NSDAI), the
geopolitical triangulation required to secure advanced computational
infrastructure amidst Sino-American tensions, and the sectoral deployment of
Al across energy, manufacturing, healthcare, and urban development. We
argue that Saudi Arabia is transitioning from a rentier state predicated on
hydrocarbon extraction to a "cognitive state" predicated on data extraction,
processing, and localized intelligence, aiming to capture a projected
US$135.2 billion in Al-driven GDP contribution by 2030.
Keywords: Artificial Intelligence, Vision 2030, Digital Capital, Technocene,
Sovereign Wealth Funds, Cognitive Cities, Geopolitics of Technology,
Industrial Policy, Gulf Futurism.
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1. Introduction

The global economy stands at the precipice of a structural transformation
often characterized as the Fourth Industrial Revolution, driven principally by
the maturation and diffusion of Artificial Intelligence (Al). For the Kingdom of
Saudi Arabia (KSA), this technological inflection point coincides with an
existential domestic imperative: the necessity to decouple national solvency
from the volatility of hydrocarbon markets. Vision 2030, the Kingdom's master
plan launched in 2016, articulates a future where oil revenues are supplanted
by a diverse, knowledge-based economy. However, distinct from earlier
diversification attempts, the current strategy does not merely seek to add
industrial capacity; it aims to fundamentally rewrite the nation's operating
system through the aggressive localization of digital intelligence.

The scale of this ambition is profound. Estimates suggest that Al could
contribute up to US135.2 billion to the Saudi economy by 2030, representing
approximately 12.4% of its GDP.[span_1](start_span)[span_1](end_span) To
realize this, the Kingdom has mobilized its sovereign wealth through the
Public Investment Fund (PIF) to capitalize massive initiatives such as "Project
Transcendence"—a reported US100 billion program focused on Al
infrastructure—and "Alat," an industrial electronics champion aiming for
US$100 billion in investment by 2030. These initiatives are not merely
investment vehicles; they are instruments of statecraft designed to terraform
the Saudi economy.

This transition, however, occurs within a complex theoretical and geopolitical
landscape. Anthropologically, the Kingdom's mega-projects, such as the
zero-carbon city NEOM, represent an entry into the "Technocene"—an era
where technological systems fundamentally organize environmental and
social realities. Economically, the shift represents a move toward the
accumulation of "Digital Capital," where data and algorithms replace land and
labor as the primary drivers of wealth inequality and competitive advantage.
Geopolitically, Saudi Arabia must navigate the "Chip War" between the United
States and China, leveraging its capital to secure access to high-performance
computing (HPC) while maintaining strategic autonomy.

1.1 Objectives of the Study

This paper aims to provide a definitive academic reference on the subject by
pursuing the following objectives:
1. Theorize the Saudi Transition: To analyze the shift from hydrocarbon
capitalism to digital capitalism using the frameworks of the Technocene,
Digital Capital, and Gulf Futurism.
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2. Evaluate Strategic Execution: To assess the progress of the National
Strategy for Data and Al (NSDAI) against its 2030 targets and global
benchmarks.

3. Quantify Economic Impact: To rigorously examine the projected GDP
contributions, investment flows, and labor market shifts resulting from
Al adoption, synthesizing data from PwC, McKinsey, and Goldman
Sachs.

4. Analyze Geopolitical Risks: To investigate the implications of US
export controls, the "sovereign Al" strategy, and the Kingdom's
balancing act between Western technology and Eastern infrastructure.

5. Assess Sectoral Transformation: To detail the deployment of Al in
energy (Aramco), manufacturing (Alat), healthcare (Project
Transcendence), and urban development (NEOM).

2. Theoretical Framework: The Technocene
and Digital Capital

To understand the depth of Saudi Arabia's transformation, one must move
beyond standard economic analysis and engage with the anthropological and
sociological concepts of the Technocene and Digital Capital. These
frameworks explain not just the economic rationale, but the existential and
environmental logic driving the Kingdom's mega-projects.

2.1 The Technocene in the Desert

The concept of the Technocene has emerged as a critical alternative framing
to the Anthropocene. While the Anthropocene emphasizes human agency as
a geological force, the Technocene highlights technology itself—specifically
high-energy technological systems—as the dominant force shaping the
planet. In the context of Saudi Arabia, the Technocene is not a metaphor; it is
a physical reality being constructed in the desert.

Projects like NEOM and its sub-component "The Line"—a 170-kilometer
linear city—represent a form of technological terraforming. These are not
traditional urban developments evolving from human settlement patterns; they
are "technological systems that organize both environmental degradation and
potential mitigation". The desert, historically defined by its resistance to
human habitation, is being domesticated through "technological mediation". In
the Technocene, the environment is no longer a backdrop but a variable to be
managed by Al. This aligns with the philosophical assertion that technology
essentially "assimilates man to an animal condition" by creating a
"neo-environment” where human survival is entirely dependent on the
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technological apparatus.

This phenomenon is culturally codified in Gulf Futurism, a term coined to
describe the rapid, almost traumatic modernization of the Gulf states. It
captures the dissonance of "glass and steel against wool and camels," where
societies transition from traditional structures to hyper-capitalist consumer
cultures within a single generation. Gulf Futurism is characterized by an
"aesthetic of anticipation,” where the present is continuously erased by the
projection of a speculative future—flying taxis, cloud seeding, and robot
falcons. The Saudi Al strategy is the operational engine of this futurism,
attempting to compress centuries of urban evolution into a single decade of
"Dubai-speed" or "Riyadh-speed" acceleration.

2.2 Digital Capital Accumulation

The transition also represents a fundamental shift in the nature of capital
accumulation. Digital Capital refers to the accumulation of data, algorithms,
and computational power as the primary factors of production.

2.2.1 The Digital Rentier State

Traditional rentier state theory posits that Gulf states distribute oil rents to
ensure social stability. The emerging model in Saudi Arabia is that of a
"Digital Rentier." The state leverages its financial capital (oil wealth) to acquire
digital capital (Al infrastructure, data centers, intellectual property). This is
evident in the PIF's strategy: by investing billions in global tech firms and
domestic champions like SCAI and Alat, the PIF is effectively transmuting
finite hydrocarbon assets into potentially infinite digital assets. This
accumulation creates a self-reinforcing cycle where those who own the
"digital means of production" (the servers, the models, the data) accrue
disproportionate wealth.

2.2.2 Inequality and Power

As noted by Mamun, Al is fundamentally about "power, control, and human
identity". The accumulation of digital capital tends to concentrate wealth
among "digital entrepreneurs" or, in this case, the sovereign state. Theoretical
models suggest that digitalization contributes significantly to the wealth share
of the top 1%, as risk-tolerant investors (or states) capture the returns on
digital assets while the maijority rely on labor income that is increasingly
susceptible to automation. In the Saudi context, this raises critical questions
about the social contract: as the economy shifts from labor-intensive oil
extraction to capital-intensive Al processing, how will the benefits be
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distributed among the citizenry?

3. The Strategic Architecture: Governance
and the National Strategy (NSDALI)

Saudi Arabia’s Al ambitions are not a collection of ad-hoc initiatives but a
centralized, state-led mobilization codified in the National Strategy for Data
and Al (NSDAI), launched in 2020. The strategy explicitly aims to position the
Kingdom among the top 15 nations in Al by 2030.

3.1 Governance Structure: Centralized Command

The ecosystem is characterized by a high degree of centralization, ensuring
alignment across government entities and minimizing the fragmentation often
seen in other jurisdictions.

e SDAIA (Saudi Data & Al Authority): Established in 2019, SDAIA acts
as the central regulator, enabler, and operator. It oversees the National
Data Management Office (NDMO), responsible for data governance,
and the National Center for Al (NCA), responsible for innovation.
SDAIA's mandate allows it to drive Al adoption across all ministries,
creating a unified "whole-of-government" approach.

e PIF (Public Investment Fund): The PIF serves as the primary
execution arm and financier. It creates and capitalizes "national
champions"—subsidiary companies like SCAIl (Saudi Company for
Artificial Intelligence) and Alat—that are tasked with executing the
strategy in the private sector.

e Regulatory Frameworks: To facilitate the data economy, KSA has
implemented the Personal Data Protection Law (PDPL). This
framework is crucial for establishing "digital trust" and aligns with global
standards like GDPR, enabling cross-border data flows while asserting
"data sovereignty" over critical national assets.

3.2 Key Performance Indicators (KPls) and Targets

The NSDAI sets aggressive, quantifiable targets for 2030, categorized into
ambitious "moonshots" and foundational capabilities. These targets reflect the
scale of the intended transformation.

Metric Baseline (2020)

Target (2030)

Strategic Implication

Global Ranking

29th (Open Data)

[Top 15 in Al; Top 10 in

Open Data

Positioning KSA as a

global tier-1 Al power.
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Metric Baseline (2020) Target (2030) Strategic Implication

Al Specialists ~2,846 20,000+ Addressing the critical
human capital deficit.

Investment N/A SAR 75 Billion (~$20B) [Direct  foreign  and
domestic investment in
Al

Startups 26 300+ Cultivating a domestic
innovation ecosystem.

Workforce Awareness|< 1% ~40% lensuring societal
readiness for Al
adoption.

GDP Contribution N/A SAR 507 Billion[Diversifying revenue

($135.2B) beyond hydrocarbons.

Table 1: NSDAI Targets vs. Baseline. Data derived from SDAIA and PwC.

3.3 Global Standing and Readiness

Saudi Arabia has demonstrated rapid progress in global rankings, validating
the efficacy of its top-down, capital-intensive strategy.

e Government Strategy: The Kingdom ranked 1st globally in the
"Government Strategy" pillar of the Global Al Index by Tortoise
Intelligence in both 2023 and 2024. This metric evaluates the depth,
funding, and commitment of national Al plans.

e Opverall Ranking: KSA climbed to 14th globally in the 2024 Global Al
Index, the highest ranking in the Arab world, marking a significant leap
from 31st place in previous years.

e Government Readiness: In the Government Al Readiness Index
2025 by Oxford Insights, Saudi Arabia ranked 1st in the MENA region
and 7th globally in the governance pillar.

e Innovation: The Stanford Al Index 2025 ranked Saudi Arabia 3rd
globally in the development of leading Al models and the growth rate
of Al-related jobs, trailing only the US and China in certain innovation
metrics.

These rankings reflect a "state capacity" approach where high-level political
will—driven directly by Crown Prince Mohammed bin Salman—translates into
rapid regulatory updates, massive infrastructure deployment, and cohesive
policy execution.

4. Economic Impact Analysis: From
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Petro-State to Data-State

The economic rationale for the Al pivot is grounded in the urgent need to
decouple economic growth from the cyclical volatility of oil prices. The data
suggests that Al is not merely an auxiliary sector but the primary engine of
future growth.

4.1 Macroeconomic Projections

PwC estimates that Al will contribute US$320 billion to the Middle East
economy by 2030. Saudi Arabia is projected to capture the lion's share of this
value in absolute terms:

e Contribution: US$135.2 billion by 2030.

e GDP Share: This figure is equivalent to 12.4% of the Kingdom's
projected GDP in 2030.

e Growth Rate: The annual growth in Al's economic contribution is
expected to range between 20% and 34%, signaling an exponential
adoption curve.

This economic contribution is derived from two primary vectors:

1. Productivity Gains: Estimated at $6.6 trillion globally, this involves
the automation of routine tasks in labor-intensive sectors such as
construction, manufacturing, and public services. For KSA, this
addresses the chronic issue of low public sector productivity.

2. Consumption Side: Estimated at $9.1 trillion globally, this involves
enhanced product quality and personalization driving consumer
demand. In KSA, this manifests in personalized healthcare, education,
and digital services.

McKinsey's analysis corroborates this potential, estimating that Generative Al
alone could unlock $21-35 billion in annual value across the GCC, although
it notes that scaling beyond pilot phases remains a challenge for many
organizations.

4.2 Major Investment Vehicles

To jumpstart this ecosystem, the state utilizes massive capital injection
through distinct vehicles:

4.2.1 Project Transcendence

Reports indicate the launch of "Project Transcendence,” a $100 billion
initiative aimed at establishing a technological hub to rival the UAE and
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position KSA as a global leader.

e Scope: The project is holistic, funding data centers, startups, and
workforce development to bridge the expertise gap with the US and
China.

e Healthcare Integration: A significant portion of this investment is
directed toward transforming healthcare through Al, enabling predictive
and preventive care models.

4.2.2 Alat (PIF Subsidiary)

Launched in early 2024, Alat is a PIF-backed industrial electronics company
targeting $100 billion in investment by 2030.

e Mandate: To transform global electronics and advanced industries by
decarbonizing manufacturing with clean energy and Al.

e Targets: Create 39,000 direct jobs and contribute $9.3 billion to
non-oil GDP by 2030.

e Strategic Partnerships: Alat has signed deals with SoftBank to build
industrial robots and Dahua Technology ($200 million) for Al-based
surveillance systems, illustrating the blend of Western capital and
Eastern technology.

4.2.3 Humain

A new PIF-owned national Al champion, Humain is designed to operate
across the entire Al value chain, from compute infrastructure to application
development. Humain has actively partnered with US tech giants like AMD,
Cisco, and xAl to build data centers, aiming for 500 megawatts of Al
infrastructure capacity.

5. Geopolitics of Silicon: Strategic
Sovereignty and the "Chip War"

Saudi Arabia's Al ambitions are deeply entangled in the geopolitical rivalry
between the United States and China. Access to high-performance computing
(HPC) chips—the raw material of the Al age—is the single critical bottleneck
for its strategy. The Kingdom is pursuing a policy of "Strategic Sovereignty,"
attempting to secure the best technology from both blocs while minimizing
dependency.

5.1 The Pivot to US Compute
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Despite growing trade ties with China, Saudi Arabia has prioritized alignment
with US technology for its core Al infrastructure. This is a pragmatic
recognition that the US maintains a stranglehold on the most advanced
semiconductor designs (Nvidia, AMD).

e Export Controls and Waivers: In 2024 and 2025, the US government
authorized the sale of advanced Nvidia H200 and Blackwell chips to
Saudi firms (Humain) and UAE firms (G42), reversing previous
restrictions.

e Conditionality: These approvals came with "rigorous security and
reporting requirements” to prevent technology leakage to China. This
effectively brings Saudi Al infrastructure into the US sphere of
influence, creating a "regulated technology environment".

e Partnerships: Major agreements with AWS ($5 billion investment),
Google Cloud, and Microsoft highlight this strategic alignment. AWS
and Humain are partnering to build a groundbreaking "Al Zone" in the
Kingdom.

5.2 The Chinese Connection

Simultaneously, KSA maintains robust "application-layer" partnerships with
China, leveraging Chinese expertise in hardware deployment and
infrastructure building where US restrictions are less severe or where
Chinese cost-efficiency is superior.

e Robotics & Logistics: The Kingdom utilizes Chinese-made robots in
hospitals and solar farms for autonomous delivery and maintenance,
bridging the gap between high-level Al models and physical execution.

e Infrastructure: Collaborations with Chinese firms like Dahua and
Alibaba Cloud continue for smart city surveillance and lower-tier cloud
services.

o DeepSeek Influence: The UAE and potentially KSA are exploring Al
models inspired by China's DeepSeek, which offers high performance
at a lower computational cost, providing an alternative to Western
dominance.

5.3 Sovereign Al and the Gulf Stack

To mitigate the risk of being cut off by either bloc, Saudi Arabia is building a
"Sovereign Al" capability—the "Gulf Al Stack".
e Arabic LLMs: The development of ALLaM, a premier Arabic Large
Language Model (LLM), ensures cultural and linguistic data
sovereignty, preventing the Kingdom's digital future from being
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mediated solely by English-centric Western models.

e Data Residency: Laws requiring critical national data to be stored
within the Kingdom are driving a data center construction boom. The
Saudi data center market is projected to grow from $1.33 billion in 2024
to $3.9 billion by 2030, a CAGR of nearly 20%.

6. Sectoral Metamorphosis I: The Digital
Oilfield and Industrial Al

The concept of "digital spillover" suggests that every $1 invested in digital
technologies leads to a $20 rise in GDP. Saudi Arabia is applying this logic to
its industrial base to maximize efficiency and sustainability.

6.1 Energy: Aramco's Digital Transformation

Saudi Aramco, the world's largest oil exporter, is leveraging Al not to move
away from oil, but to make oil extraction cleaner, cheaper, and more efficient.

e Upstream Optimization: Aramco manages 10 billion data points
daily. It utilizes "GigaPOWERS," a proprietary reservoir simulator,
alongside Al models to analyze drilling plans and geological data with
extreme precision.

e Operational Efficiency: The deployment of Al solutions in boilers and
pipeline management has yielded a 15% increase in oil production
and a 100% improvement in troubleshooting times at deployment
sites.

e Generative Al: Aramco has developed a proprietary LLM,
"AramcoMetaBrain," with 250 billion parameters, trained on 90
years of accumulated operational data. This signifies a move toward
"industrial Al" where domain-specific data, rather than general internet
data, constitutes the competitive moat.

6.2 Manufacturing: Industry 4.0 and Alat

The Al in Manufacturing market in KSA is projected to grow from $439.8
million in 2024 to $7.1 billion by 2033, reflecting a staggering CAGR of
36.2%.

e Drivers: This growth is driven by Vision 2030's NIDLP (National
Industrial Development and Logistics Program) and the push for
localization of supply chains.

e Applications: Key applications include predictive maintenance
(reducing equipment downtime by 30%), Al-powered automation
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(increasing throughput by 25%), and energy management systems.

e Role of Alat: Alat serves as the catalyst for this sector, partnering with
global firms to build "Lighthouse factories" that utilize 100% clean
energy and Al-driven processes to manufacture advanced electronics
within the Kingdom.

7. Sectoral Metamorphosis Il: Cognitive
Cities and Urban Ontology (NEOM)

NEOM represents the physical manifestation of the Saudi Al strategy. It
distinguishes itself by moving beyond the "Smart City" concept to the
"Cognitive City," a shift in urban ontology.

7.1 Defining the Cognitive City

While a smart city focuses on efficiency through the reactive analysis of
real-time data, a Cognitive City uses agentic Al to be proactive and
predictive.

e Data Utilization: NEOM aims to utilize 95% of available data for value
creation, compared to the ~1% used by current smart cities. This
massive data harvest allows the city to "learn" its inhabitants' habits.

e Agentic Al: The city is managed by systems that can set goals, plan
actions, and negotiate on behalf of residents (e.g., managing energy
usage or scheduling transport) without direct human input.

7.2 The Line: Infrastructure as Software

"The Line," NEOM's linear city, relies on a digital backbone where physical
infrastructure and digital services are indistinguishable.

e Market Impact: The Saudi Smart Cities market is expected to reach
$18.7 billion by 2030, growing at a CAGR of 18.6%. The integration of
loT sensors and Al analytics is the largest component of this growth.

e Surveillance vs. Service: The model relies on a high-trust,
high-surveillance social contract where citizens trade data privacy for
hyper-efficiency and personalized services. This "data-centric
community" model challenges Western notions of privacy but aligns
with the "Technocene" narrative of total technological mediation.

## 8. Sectoral Metamorphosis lll: Healthcare, Education, and Finance
Beyond the physical environment, Al is restructuring the social services and
financial fabric of the nation.
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8.1 Healthcare: From Treatment to Prevention

The Al in healthcare market in Saudi Arabia is forecast to reach $805 million
by 2030, growing at a CAGR of 26.1%.

e Paradigm Shift: The focus is moving from curative to preventative care
using predictive analytics to manage chronic diseases like diabetes and
obesity, which are prevalent in the region.

e Seha Virtual Hospital: The largest virtual hospital in the world utilizes
Al for remote diagnostics and monitoring, addressing geographical
disparities in healthcare access. It supports over 130 hospitals
connected across the Kingdom.

e Project Transcendence: This initiative enhances telemedicine and
data integration to support value-based care models, where providers
are compensated based on patient outcomes rather than volume of
services.

8.2 Education: Building the Cognitive Workforce

The EdTech market is projected to reach $1.9 billion by 2032, driven by the
need to upskill the youth demographic.

e Personalization: Al tools providing adaptive learning paths are
showing tangible results; pilot programs have indicated a 15% increase
in student test scores.

e Investments: The Ministry of Education plans to spend $1 billion by
2025 on Al and digital technologies to modernize the curriculum.

e Startups: A surge in EdTech startups, such as ULA raising $28 million,
reflects the private sector's response to government initiatives.

8.3 Finance: The Fintech Boom

Al is driving the modernization of the financial sector, a key pillar of the non-ail
economy.

e Adoption Rates: A remarkable 93% of Saudi financial institutions
have expressed strong interest in adopting Al, ranking them among the
most Al-optimistic globally.

e Cashless Transition: Digital payments accounted for 79% of retail
transactions in 2024, up from 36% in 2019, driven by Al-enhanced
fintech platforms.

e Economic Impact: The financial sector is expected to account for 25%
of all Al investment in the region, leveraging algorithms for fraud
detection, credit scoring, and personalized banking.
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9. Challenges and Risks

Despite the massive capital deployment and strategic clarity, several
structural risks threaten the realization of Vision 2030's Al goals.

9.1 The Human Capital Gap

The target of training 20,000 data and Al specialists faces structural
headwinds. While initiatives like the "SAMAI" program aim to train 1 million
Saudis in digital literacy, the shortage of expert-level researchers remains
acute. The region relies heavily on expatriate talent, which can conflict with
strict "Saudization" (Nitagat) labor policies designed to employ nationals. 31%
of respondents in recent surveys identified Al tool proficiency as a primary
skills deficit.

9.2 Capital Efficiency and "White Elephants"

There is a risk of "technological monument building"—investing billions in
impressive hardware (data centers, supercomputers) without developing the
software ecosystem or commercial use cases to justify the expense.
McKinsey notes that while 84% of GCC companies have adopted Al, only
31% have successfully scaled it. This "pilot purgatory" suggests that while
the infrastructure is being built, the organizational maturity to leverage it lags
behind.

9.3 Geopolitical Fragility

The US approval for chip exports is revocable. A shift in US administration or
a perceived leakage of technology to China could lead to a renewed
blockade, stranding billions in investment. The "Techno-Bloc" dynamic forces
KSA to walk a tightrope, potentially limiting its ability to fully leverage Chinese
cost-effective innovations in the future.

10. Conclusion

Saudi Arabia’s Vision 2030 represents a decisive entry into the Technocene,
characterized by a state-led strategy to convert hydrocarbon wealth into
digital capital. By leveraging sovereign wealth funds to build massive Al
infrastructure, investing in human capital, and navigating complex geopolitical
fault lines, the Kingdom aims to secure its future in a post-oil world.
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The transition from a "Smart City" paradigm to a "Cognitive City" model in
NEOM suggests a profound shift in urban governance, prioritizing predictive
Al agents over reactive human management. While the economic
projections—$135.2 billion in Al GDP by 2030—are promising, they are
contingent on successful execution, sustained geopolitical neutrality, and the
genuine upskilling of the local workforce.

Ultimately, Saudi Arabia is testing a new model of development:
Centralised-Techno-Developmentalism, where centralized state power,
unlimited capital, and advanced Al converge to reshape not just the economy,
but the very nature of human existence in the desert. The Kingdom is betting
that digital capital can be accumulated as effectively as oil reserves,
transforming the "black gold" of the 20th century into the "silicon gold" of the
21st.
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