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Preface 

This paper applies critical thinking to strategic-minerals development and introduces a “Make America Great” 
inversion strategy. It presents Energy Point Minerals as an execution-oriented case study anchored in verifiable data, 
observed market dynamics, and real-world analogies intended to frame a broader discussion about strategic 
materials and industrial competitiveness. 

One of the paper’s central analogies is the Blockbuster-versus-Netflix case, in which a capital-light challenger 
helped displace an apparently entrenched market leader because decision-makers failed to recognize and use an 
emerging strategic resource. The paper uses that analogy to argue that high-purity silica is becoming a foundational 
material for artificial intelligence, photonics, aerospace, and advanced medicine, and that financial institutions that 
fail to adapt their models to this reality before 2028 may surrender strategic positioning in critical-minerals finance 
to institutions that move earlier. 






The Silent Foundation of Banking and Market Disruption 
  
Silica is not yet treated by most financial institutions as a material capable of  
reshaping banking strategy. It is still commonly viewed as an upstream industrial  
input — important to manufacturers, but peripheral to the architecture of finance.  
That assumption is increasingly out of date, and the gap between what frontier  
laboratories require and what the global supply chain currently provides is widening  
faster than capital markets have recognized. 

At UCL, the Nanoelectronics and Nanophotonics Laboratory is working on quantum  
effects in silica, silicon photonics, rare-earth-doped optical amplifiers, and  
silicon-oxide neuromorphic devices — explicitly treating silicon oxide as the  
foundational substrate for next-generation computing architectures that move beyond  
the physical limits of conventional semiconductor memory. At Oxford, the Photonic  
Nanomaterials group is developing nanostructured silica and silicon-oxide systems  
for quantum information processing, quantum communications, and optoelectronics.  
At MIT, published doctoral and research work on photonic integrated circuit  
packaging demonstrates that as electrical interconnections approach their physical  
limits, silica-based optical couplers, waveguides, and photonic integrated circuits  
become the required replacement infrastructure for next-generation data-center and  
AI telecom systems. 



Germany has moved further still. The Fraunhofer Institute for Applied Optics and  
Precision Engineering (IOF) launched Project SILIQUA — Silicon-based Photonic  
Building Blocks for On-Chip Lighting, Modulation, Sensing and Quantum Applications  
— specifically to develop active silicon-photonic devices capable of performing as  
quantum light sources, modulators, and sensors integrated directly into chip  
architectures. Fraunhofer IMS simultaneously launched NANO-INC with €1.8 million  
in federal funding from Germany's BMBF to develop advanced nonlinear nanophotonic  
materials for photonic quantum circuits — explicitly targeting the scalability  
problem: how to move quantum photonic architectures from laboratory demonstration  
to industrial deployment. Germany's advanced semiconductor and photonics sector  
already specifies ≥6N for electronics-grade silane precursors and ≥7N for advanced  
semiconductor nodes, a published market reality that makes the purity threshold  
explicit in commercial procurement. 

The research direction across all four institutions points to the same materials  
constraint. The experimental architectures being pioneered at UCL, Oxford, MIT,  
and Fraunhofer cannot be scaled from laboratory to industry on conventional 5N  
feedstock. Fused silica used in high-precision optical components already requires  
SiO₂ content of 99.995% or higher, and published nanoscale surface analysis  
confirms that residual trace impurities in fused silica optical surfaces induce  
laser damage, reduce transmittance, and degrade component performance — making  
incremental purity gains at the 6N and 7N threshold technically consequential,  
not marginal. For AI data-center optical interconnects, quantum photonic circuits,  
aerospace payload optics, and advanced medical biosensing, the movement from 5N  
toward 6N and 7N is not a refinement; it is a qualification threshold. 

The implication for capital markets is larger than the current banking lens  
suggests. The global high-purity silica market was valued at USD 756 million in  
2024 and is projected to reach USD 1.17 billion by 2031 — but those figures  
represent the current addressable market, not the emergent demand being built in  
the laboratories described above. When leading research institutions are designing  
quantum photonics platforms, AI optical interconnects, and space-rated photonic  
payloads that require purity levels the existing supply chain cannot consistently  
provide, the value migrates to whoever controls qualified feedstock at the required  
grade. The market is highly concentrated: the top three players — Sibelco, The  
Quartz Corp, and Jiangsu Pacific Quartz — account for over 77% of global revenue,  
with Sibelco alone holding more than 59% of global market share. Yet the outreach by 
established high-purity-material suppliers to Energy Point Minerals for laboratory results, 
product samples, and potential partnership discussions is itself a meaningful market signal that 
existing supply leaders may recognize a gap between current qualified supply and the purity 
requirements of the next technology cycle. 



This is the part the financial system has not yet fully priced. Banks tend to  
evaluate silica as a commodity input; the frontier laboratories are evaluating it as an enabling 
substrate. When a material is difficult to substitute, geographically concentrated, slow to qualify, 
and essential across semiconductors, photonics, aerospace, medical systems, and AI 
infrastructure, control over its supply becomes more than a mining question. It becomes a 
question of collateral, custody, industrial continuity, strategic leverage, and institutional 
positioning. 

The banking disruption arises from timing. Traditional project-finance models are generally 
designed to enter after geology, permitting, processing, qualification, and commercial demand 
have been substantially demonstrated. That approach reduces conventional credit risk, but it can 
also cause institutions to arrive only after the most strategically valuable rights—mineral claims, 
reserve-backed security interests, offtake agreements, depositary relationships, and associated 
cash flows—have already been secured by earlier participants. In a tightening critical-minerals 
market, the institution that waits for complete visibility may gain a safer loan opportunity while 
losing the larger strategic position. 

The sections that follow therefore examine the projected 2028 supply–demand divergence, 
define the “job to be done” in early-stage critical-minerals finance, and identify a first-mover 
model through which a bank can participate before scarcity becomes visible in conventional 
financial statements. Under that model, the bank does not merely finance production. It becomes 
depositary, collateral agent, and custodian of reserve-backed rights connected to the materials on 
which future AI, photonic, semiconductor, aerospace, and infrastructure systems will depend. 

Why High-Purity Silica Is Critical to America’s Medical-AI and Aerospace Edge 

At the nexus of artificial intelligence, advanced photonics, and biomedical nanotechnology 
stands one humble component, too often overlooked yet utterly indispensable—the invisible, 
quiet “holy grail” of material perfection and performance: the crucible. 

In advanced silicon and semiconductor manufacturing, the high‑purity silica crucible is one of 
the most critical components in the entire value chain. It is the vessel that holds and supports 
ultra‑pure silicon during crystal growth, quietly determining the attainable ceiling of purity and 
performance. Without a sufficiently pure silica crucible, contamination risk rises, crystal quality 
declines, and the downstream performance of wafers, chips, photonic devices, and advanced 
processors is compromised. 

 • Through this optical lens, the crucible is to silica what President Trump’s economic leadership 
has been to the advancement of the U.S. economy and industrial base: the “king on the 
chessboard.”  

It may not always receive the most public attention, but it occupies a central, strategic position. If 
the crucible is not pure enough, stable enough, and reliable enough, the rest of the 



advanced‑technology chain is weakened. Likewise, if the core economic and industrial strategy 
is not strong enough, pro‑growth enough, and strategically aligned, the broader national 
technology agenda is weakened. 

This administration’s focus on revitalizing American manufacturing, reinforcing supply chains, 
and elevating strategic materials is the policy equivalent of investing in the crucible. By 
strengthening the foundation, this policy  reinforces every downstream technology that depends 
on it—semiconductors, photonics, aerospace systems, medical devices, and AI infrastructure. 

Photonics and AI Advancement: The High-Purity Silica Imperative 

The Supply Constraint Nobody Is Discussing 

The future of artificial intelligence, quantum computing, photonic semiconductors, and advanced 
aerospace systems cannot be built without a material that most financial leaders, policymakers, 
and technology investors have yet to identify as a strategic chokepoint: ultra-high-purity silica at 
the 6N and 7N classification level—99.9999% and 99.99999% silicon dioxide respectively. 

The global supply of silica is not the constraint. Silicon is the second most abundant element in 
Earth’s crust, accounting for approximately 27.7% by mass, while silicate minerals constitute 
more than 90% of the continental crust. The constraint is purity at scale. While silica is 
effectively everywhere, silica with verified impurity concentrations at or below one part per 
million—the threshold that enables next-generation photonic, semiconductor, and quantum 
applications—exists in commercially viable form in only a handful of places on Earth. 

The total global production of commercially viable high-purity quartz is estimated at 
approximately 30,000 metric tons per year—less than the amount of construction sand produced 
in the United States in a single hour. Against that backdrop, ANZAPLAN projects that high-
purity quartz demand will increase by 55% in volume and 90% in revenue by 2030, driven 
primarily by semiconductor fabrication and solar photovoltaic manufacturing. Independent 
market analysts place the projected demand at 80,000–95,000 metric tons per annum by 2030, 
against a supply projection of 50,000–65,000 metric tons—a potential shortfall approaching 
45,000 metric tons. The gap between what technology requires and what exists in qualified 
supply is widening faster than the industry's ability to open and certify new sources. 

The Biological Parallel: Silicon as Nature's Foundational Carrier 

Before addressing the technological supply imperative, a scientific parallel is instructive. Silicon 
is not foreign to living systems—it is the third most abundant trace element in the human body. 
In biological form, silicon circulates as orthosilicic acid (Si(OH)₄) and concentrates at the 
mineralization front of growing bone, where it is essential to collagen synthesis, stimulates 
osteoblast activity, and inhibits osteoclast-driven bone dissolution. Research has further 



identified particulate silicon dioxide in human tissues—in liver, spleen, kidney, and intestinal 
tissue—with particle sizes ranging from 150 to 850 nanometers. 

These biological particles are not classified using the industrial N-grade purity nomenclature 
(4N, 6N, 7N etc.). That framework belongs to the manufacturing domain. In biology, the relevant 
metric is chemical speciation, bioavailability, and concentration—not bulk compositional purity 
by six-sigma decimal fractions. The 150–850 nm particulate SiO₂ found in tissues simply 
characterizes size, morphology, and organ distribution; researchers note this material is largely 
derived from food additives and consumer products rather than intrinsic physiological 
production. 

The distinction, however, reveals something important: in both the biological and the 
technological domain, the form and purity level of silicon determine its function. Nature uses 
orthosilicic acid at parts-per-million concentrations to build, signal, and sustain. Technology 
requires SiO₂ at six-to-seven-nines purity to transmit, compute, and communicate at the speed of 
light. The underlying material is the same; the threshold of refinement determines the capability. 

In contrast to the biological domain, particle size in optics and photonics refers to engineered 
silica nanoparticles or colloids—precision-manufactured standards and nano-fillers used in 
controlled photonic, semiconductor, and biomedical applications—rather than to any form 
silicon naturally adopts in the human body. 

High-Purity Fused Silica: The Backbone of the Photonic Stack 

High-purity fused silica is the backbone material for low-loss optical fibers, precision lenses, 
photonic crystal fibers, planar waveguides, and integrated photonic structures. Its wide 
transparency window—spanning deep ultraviolet through near-infrared—its low optical loss, 
thermal stability, chemical durability, and ultra-low coefficient of thermal expansion 
(approximately 0.55 × 10⁻⁶/°C, among the lowest of any engineering material) make it essential 
wherever light must be guided, controlled, transmitted, or amplified with extreme precision.  

The Heraeus optical properties data for premium fused silica documents internal transmittance 
exceeding 99.3–99.9% per centimeter across the broadband optical window, with residual 
absorption dominated—at high purity—by trace OH content rather than metallic impurities. As 
purity climbs toward 7N, hydroxyl content falls below measurable thresholds, near-infrared 
absorption bands collapse, and the material approaches theoretical maximum optical 
transparency. This is not an academic specification: it is the physical reason that a single strand 
of glass fiber can carry a terabit of data across an ocean with manageable loss.  

The Copper Wall and the Photonic Transition in AI Infrastructure 
This matters directly to artificial intelligence. As AI infrastructure advances, the industry is 
moving beyond the physical limits of copper-based interconnects toward optical architectures. 



The photonic transition in AI is no longer theoretical—it is an active, capitalized, competitive 
race. 

NVIDIA's GTC 2025 launch of Spectrum-X and Quantum-X platforms, with up to 1.6 terabits 
per second per port and 400 terabits per second total switching capacity, signals the transition 
from copper to co-packaged optics and silicon photonics at the data center architecture level. 
Light-matter's Passage M1000—described as the world's fastest AI interconnect—uses integrated 
photonics to replace electrical cables between GPU processors, transmitting data at near-light-
speed with dramatically lower latency and energy consumption. Photonic interconnects offer 10–
100× better energy efficiency per bit transferred, which, at the scale of hyperscale AI training 
clusters, reduces energy cost by an estimated 30–40% while enabling clusters of unprecedented 
computational density. 

The market data confirms the trajectory. Co-packaged optics revenues are projected to grow from 
$46 million in 2024 to $8.1 billion by 2030, a 137% compound annual growth rate. Industry 
analysts at SemiEngineering project that all AI data center interconnects will be optical within 
five years. The copper era in AI infrastructure is ending; the photonic era is beginning. The 
foundational substrate of that transition is fused silica.  

Fiber-optic demand catalyzed by national AI data-center construction is already driving high-
purity silica demand in 2026. The high-purity silica powder market, valued at $4.8 billion in 
2026, is projected to reach $9 billion-plus by 2033. The semiconductor-grade high-purity quartz 
sand market was valued at $1.38 billion in 2025 and is projected to reach $2.74 billion by 2034 
at a 7.9% CAGR.  

The Supply Concentration Risk 

The vulnerability of this strategic material has been made visible in a way that is impossible to 
dismiss. Sibelco, a Belgian company, and The Quartz Corp., a Norwegian-French joint venture, 
collectively supply approximately 70–99% of the world's commercial high-purity quartz from 
two mines in Spruce Pine, North Carolina—a town of 2,200 people in the Blue Ridge Mountains. 
When Hurricane Helene struck in September 2024, both operations were suspended indefinitely. 
Analysts warned: "This is currently the only plant in the world that serves the semiconductor 
industry completely. If anything were to happen to these mines, it could fundamentally 
destabilize the entire sector. There are no alternative sources." 

The $600 billion global semiconductor industry—along with AI infrastructure, fiber-optic 
telecommunications, aerospace optics, and quantum hardware—rests on a single road in a single 
town. The world's total annual commercial high-purity quartz production is so constrained that 
when Sibelco announced a $200 million investment to double installed capacity in 2023, the 
expansion was treated as a major strategic development. Even with that expansion, alternative 



geopolitical sources remain either geologically inferior, politically unsavory (Russian Quartz in 
Kyshtym), or years from commercial qualification.  

As of late 2025, China—which manufactures the majority of the world's semiconductors, solar 
panels, and optical fiber—still sources an estimated 80% of its high-purity quartz demand from 
the United States. China's recently announced domestic deposits in Henan and Xinjiang have 
achieved only approximately 4N5 purity in early pilot refining, far below the consistent purity of 
Spruce Pine. Beijing has no short-term path to HPQ self-sufficiency at 6N classification. 

Why the Future System Stack Requires 6N and 7N 

The current technology base operates largely on 4N to 5N silica. The emerging technology 
horizon requires a material step-change. At 6N and 7N purity, trace metal impurities, defect 
centers, and optical inclusions drop to concentrations that enable capabilities inaccessible at 
lower grades: 

• Photonic and laser systems: Defect centers in silica glass introduce scattering and absorption 
losses that compound over distance. At 6N–7N, these centers are reduced to densities that enable 
more stable, higher-power, and longer-coherence laser and photonic systems across aerospace, 
telecommunications, and precision manufacturing. 

• Aerospace and satellite payloads: Fused silica's radiation hardness—its resistance to total 
ionizing dose up to 1 Mrad, confirmed by accelerated life testing—makes it the substrate of 
choice for satellite optical payloads where component replacement is impossible. At higher 
purity, long-term degradation under space radiation is further reduced.  

• Quantum computing hardware: Fused silica substrates for quantum processors deliver a loss 
tangent approximately five times lower than high-resistivity silicon at 5 GHz, directly improving 
qubit relaxation time T₁. At 6N and above, the reduction of two-level systems (TLS)—
microscopic defects in the glass structure that act as decoherence sources—enables tighter 
coherence windows essential for practical quantum advantage. Fused silica interposers support 
through-glass VIA densities suitable for million-qubit device architectures. 

• Semiconductor manufacturing: Quartz crucibles used in the Czochralski process—the 
foundational method for producing the monocrystalline silicon wafers at the center of every 
semiconductor chip, solar cell, and AI accelerator—require high-purity fused silica that can 
withstand melt temperatures above 1,400°C without contaminating the silicon boule. Impurities 
at this stage propagate into every wafer, every chip, and every device downstream. 

• Advanced photonic chip fabrication: Fraunhofer IZM's CO₂ laser welding process for adhesive-
free fused silica fiber-to-chip connections—cited as "something of a revolution" in photonic 
integration—requires fused silica whose thermal expansion coefficient and optical interface 
quality can only be maintained at elevated purity. As photonic integrated circuits move toward 



co-packaging with ASICs at the die level, the substrate purity requirements become more 
stringent, not less. 

At those purity levels, trace metals, defect centers, and inclusions drop to thresholds that enable 
longer-life and lower-noise optical components in aerospace and satellite payloads, tighter 
coherence and lower decoherence in quantum and precision metrology environments, and 
higher-yield, lower-contamination environments in advanced chip manufacturing. 

A New Domestic Benchmark 

With that foundation established, 6N and 7N purity levels push beyond current commercial 
benchmarks, approaching the upper limits of what is achievable in fused silica manufacturing 
today. Independent laboratory testing confirmed in June 2026 that Energy Point Minerals' 
Nevada project product had yielded 99.99997% SiO₂—a 6N+  ultra-high-purity result from 
naturally occurring, unprocessed silica. The company has positioned the Nevada project as a 
potential new U.S. domestic source of ultra-high-purity silica feedstock at a time when 
Washington is focused on domestic mineral production, semiconductor supply chain resilience, 
and advancing secure national defense inputs. 

The fact that Sibelco—the Belgian company that dominates global high-purity quartz supply—
has been in contact with Energy Point Minerals is not coincidental. It reflects a market reality 
that financial institutions, defense planners, and AI infrastructure developers are beginning to 
recognize: the next constraint on the technological frontier is not compute, not bandwidth, and 
not capital. It is the availability of  silica pure enough to carry, shape, and preserve light at the 
precision the emerging system stack requires. 

The current administration's push to secure domestic, high-integrity supply chains for critical 
inputs aligns directly with this need. Without secure, sovereign, and scalable high-purity silica 
supply, the United States cannot fully secure its AI, photonics, quantum computing, or advanced 
semiconductor future. 

Conclusive Pattern 

The pattern of civilizational infrastructure has always been defined by the material that made the 
next era possible: iron gave way to copper; copper gave way to silicon; silicon is now 
differentiating by purity into a new tier of strategic criticality that most market participants have 
not yet named. Oil and copper were visible, volumetric, combustible. High-purity silica is 
transparent, invisible to the eye, valuable by fractional purity rather than mass, and foundational 
to every technology that defines the coming century. The leaders and financiers who will 
recognize it earliest are those who understand that the most powerful materials are the ones that 
light passes through without distortion. 

 



NB: The stated 99.99997% SiO₂, or 6N+, purity result for Energy Point Minerals is based on testing performed by 
independent third-party laboratories that have no ownership interest in, or affiliation with, the company. The result is 
reported in accordance with the analytical methods and reporting standards identified in the underlying laboratory 
documentation as of July 2026. 

Medical and Human Technology Applications   

Silica already occupies a meaningful place in advanced human medical systems. Silica fibers, 
nanoparticles, mesoporous structures, and engineered surfaces are used across biosensing, 
bioimaging, diagnostic platforms, spectroscopy, targeted drug delivery, and pathogen-responsive 
technologies because silica can be tailored with remarkable precision in porosity, surface 
chemistry, optical behavior, and biological compatibility.   

That tunability matters because, in medicine, material performance is never merely a question of 
function; it is a question of reproducibility, safety, and trust. Higher-purity silica feedstock can 
improve batch consistency, reduce unwanted contaminants, sharpen optical signals, and support 
better-characterized biomedical systems, particularly where the material must interact with light, 
tissue, or highly sensitive analytical environments. 

The scientific distinction is important. In biological systems, silicon is not classified by industrial 
N-grade nomenclature. Human physiology uses silicon in soluble and biologically active forms, 
while the 150–850 nm SiO₂ particles identified in human tissues are described in the literature by 
size, morphology, and tissue distribution—not by categories such as 4N, 6N, or 7N. Researchers 
found that these particulate SiO₂ fractions in tissues such as liver, spleen, kidney, and intestines 
are largely associated with exposure from food additives and consumer products rather than 
intrinsic physiological production.   

By contrast, in medical engineering and nanotechnology, silica particle size refers to deliberately 
designed materials: engineered nanoparticles, colloids, nanocarriers, and optical structures 



fabricated for controlled performance in diagnostics, therapeutics, and imaging. In that domain, 
higher purity is not an abstract refinement. It is a practical advantage that can reduce variability, 
improve optical fidelity, and strengthen confidence in the material platform itself.   

In medical technology, then, purity is not merely a performance specification; it is an important 
contributor to safety, regulatory confidence, and trust. The same principle extends outward into 
policy and capital formation: economic and regulatory clarity is not simply a growth variable for 
investors, but a trust architecture for innovators, physicians, manufacturers, and ultimately 
patients whose lives may depend upon the reliability of these systems. 

Aerospace and Space Technology and Strategic Leverage 

The world's leading research institutions have identified silicon oxide and silica-based 
nanostructures as the foundational substrate of next-generation electronics and photonics. At the 
UCL Nanoelectronics and Nanophotonics Laboratory, Professor Tony Kenyon's group works 
explicitly on quantum effects in silica, silicon photonics, rare-earth-doped silica optical 
amplifiers, and silicon-oxide-based resistive memory that mimics neuronal behaviour — 
describing silicon oxide as "entirely compatible with current microelectronic fabrication 
techniques" and central to overcoming the physical limits of conventional semiconductor 
memories. At MIT, Professor Jelena Notaros's Photonics and Electronics Research Group is 
developing silicon-photonics platforms for LiDAR, free-space optical communications, 
quantum-trapped-ion engineering, and AI-linked chip-based 3D printing — with all architectures 
built on silica-embedded silicon photonic structures. At Oxford, the Photonic Nanomaterials 
Group in the Department of Materials focuses on nanostructured materials and nanophotonic 
devices for quantum information processing, quantum communications, and optoelectronics. 

The thread that runs through all three institutions is the same: silica and silicon oxide are not 
background materials. They are the medium through which light is controlled, shaped, amplified, 
and computed. Without a qualified, consistent, high-purity silica feedstock at 6N and 7N grade, 
the experimental architectures these institutions are pioneering cannot be scaled from laboratory 
to industry. The planet does not currently have that supply at the volumes the emerging 
technology economy demands. 

Energy Point Minerals' confirmed 6N+ (99.99997% SiO₂) Nevada deposit exists precisely at that 
intersection — the point at which verified domestic supply meets the most critical material 
requirement in advanced photonics, AI infrastructure, aerospace optics, and quantum hardware. 
What Samsung, SK Hynix, TSMC, Hyundai, and their peers cannot produce domestically, and 
what China cannot reliably supply even to itself, Energy Point Minerals has confirmed in 
Nevada. 

The Actual Strategic Leverage  



The claim is not simply that 6N and 7N silica is scarce. The claim is that Energy Point Minerals 
controls the feedstock that Japan, South Korea, Samsung, Hyundai, TSMC, and tier-one 
manufacturers cannot produce at qualification grade in their home jurisdictions — and that the 
leverage point is not export, but inbound investment and domestic manufacturing. 

The strategic logic is direct: 

• Samsung, SK Hynix, Hyundai, and TSMC are US-market dependent and politically motivated  
to demonstrate American investment under current trade and tariff conditions. 

• They require 6N silica to build next-generation fabs, optical fiber production lines, and  
photonic components. 

• China, which would ordinarily represent an alternative supply source, itself depends on  
American high-purity quartz for approximately 80% of its own HPQ demand and cannot 
domestically produce at 6N consistency. 

•  The Spruce Pine, North Carolina monopoly — which supplies the majority of the world's 
semiconductor-grade quartz — was demonstrated to be catastrophically fragile when a single 
hurricane suspended global chip supply chain operations in 2024. 
• Energy Point Minerals has confirmed 6N+ silica from a Nevada deposit in a politically secure,   

federally recognized, and logistically well-positioned jurisdiction. 

The "Make America Great" Inversion Strategy 

Most mineral executives focus on the simplest transaction: extract, export, receive payment. 
Energy Point Minerals operates from a different frame — one that treats the mineral not as a 
commodity to be shipped, but as a strategic magnet to be leveraged. 

The conventional posture is: 

“We will export silica to Samsung" or “We will provide offtake to Mitsubishi." 

The correct posture, aligned with the present administration's mandate, is materially different: 

Samsung, Mitsubishi, TSMC, Hyundai — if you want access to the only reliable, domestically 
confirmed 6N+ silica outside of a hurricane zone, build your facility in America. Bring your 
capital, your engineers, and your supply chain to Nevada. 

The mineral stays here. The jobs come here. The tax revenue comes here. Las Vegas, which 
carries decades of built infrastructure in hospitality, logistics, and services, does not need to 
depend solely on gambling. The arrival of high-skill technical employment, global 
manufacturing executives, and an expanding professional workforce creates a circular economy 
that reanimates existing infrastructure with new, durable, and globally significant demand — not 
unlike the quiet but transformative economic role that Spruce Pine, North Carolina played for the 
global semiconductor industry before anyone outside the supply chain knew its name. 



In aerospace and space systems, fused silica is already a workhorse material. It is used in 
precision mirrors, lenses, optical fibers, spacecraft windows, sensors, and high-performance 
optical assemblies because it combines optical clarity with low thermal expansion, chemical 
durability, low density, and resilience under extreme operating conditions. 

Those properties are not incidental. UV-grade fused silica exhibits an exceptionally low 
coefficient of thermal expansion, high thermal stability, and strong transmission across deep 
ultraviolet, visible, and infrared bands, making it uniquely suited to platforms exposed to 
vacuum, radiation, vibration, and severe thermal cycling. Silica also carries significance in 
thermal-protection systems, insulation, composites, and specialty materials where weight 
savings, dimensional stability, and reliability are mission-critical. 

As aerospace moves deeper into optical communications, satellite constellations, autonomous 
systems, space-based sensing, AI-guided platforms, and photonic payloads, the demand for high-
purity silica becomes more strategic. What was once treated as a background industrial mineral 
increasingly reveals itself as a systems-enabling material: the substrate through which optical 
precision, signal integrity, and environmental survivability become possible. 

Policy that recognizes this shift — through streamlined permitting, industrial incentives, 
domestic processing capacity, and defense-space procurement alignment — positions the United 
States ahead in the race for next-generation aerospace capability. In this respect, silica is not 
merely an input. It is part of the strategic architecture of national technological power. 

The Nevada Optic and the Circular Economy Curve 

Las Vegas is a symbol of a past economic curve: an infrastructure designed around gambling, 
transient tourism, and imported entertainment flows. As global travel patterns shift, foreign 
capital tightens, and remote entertainment fragments attention, the old Las Vegas model has 
begun to fray. Hotels, casinos, and service ecosystems remain standing, but the volume and 
quality of demand that once animated them is no longer guaranteed. Underneath the spectacle, 
Nevada carries a quieter truth: many of the state’s raw mineral inputs leave as low‑value 
commodities, are transformed overseas, and then return embedded in finished products. Generals 
and strategic planners now openly acknowledge that a substantial share of U.S. mining output is 
shipped abroad for processing, only to re‑enter the domestic economy as imported technology. 
That pattern exports value creation and imports dependency. 

Energy Point Minerals’ Nevada silica deposit reverses that curve. If 6N and 7N silica are the 
unseen substrate of next‑generation AI, photonics, aerospace payloads, and quantum hardware, 
then controlling a verified domestic source of that material means controlling a critical junction 
in the global technology stack. The leverage is not in sending high‑purity silica overseas to feed 
someone else’s fabs. The leverage is in compelling world‑class manufacturers—Samsung, SK 
Hynix, Hyundai, TSMC, and their peers—to bring their capital, engineers, and manufacturing 



systems to Nevada in order to access the only reliable 6N+ feedstock outside a fragile hurricane 
zone. In that optic, the strategic message is simple: the mineral stays here; the plants are built 
here; the jobs, tax base, and secondary ecosystems accrue here. Las Vegas no longer has to 
depend solely on gambling; the influx of high‑skill employment, technical talent, and global 
executives traveling to Nevada for design reviews, fab ramp‑ups, and aerospace and photonics 
programs can create a new circular economy that turns existing hospitality, logistics, and 
infrastructure into support systems for a strategic technology hub rather than a declining tourist 
monoculture. 

• This is not a traditional critical-minerals strategy; it is critical thinking applied to minerals  

The job to be done is not to move more tons of silica; the job to be done is to move the center of 
gravity of global technology production into Nevada and, by extension, into the United States. 
Energy Point Minerals’ curve treats silica as a magnet rather than a commodity—an invisible 
field that pulls capital, manufacturing, and innovation into the state and recycles economic flows 
through local communities. In that sense, aligning a Nevada‑based silica hub with a national 
agenda of making America great again is not a slogan, but a design principle: instead of 
exporting strategic materials and importing finished goods, Nevada becomes the point at which 
the world’s most advanced technology companies must connect if they want to realize the true 
potential of AI, photonics, and space systems. 

From Copper to Light: The Infrastructure Transition   

The internet was built on copper; the next AI infrastructure era will be built on silica. Over the 
past decade, data architecture has been moving steadily away from copper-bound electrical limits 
and toward optical pathways, fiber-based transmission, and photonic interconnects. As 
bandwidth density rises and thermal constraints tighten inside hyper-scale data centers and AI 
clusters, copper increasingly becomes a bottleneck rather than a bridge. 
   
That shift is now measurable. The co-packaged optics market is projected to expand from $46 
million in 2024 to $8.1 billion by 2030, a signal that AI infrastructure is beginning to reorganize 
around light-based interconnects rather than conventional electrical ones. Industry analysis 
further projects that AI data-center interconnects will become overwhelmingly optical within the 
next five years, underscoring the pace of the transition.   

In this new regime, high-purity silica moves from background material to primary enabler. It 
becomes the medium that carries light, replaces copper’s historic role in high-speed transmission, 
and underpins both the optical fibers and the photonic components required for advanced AI, 
cloud computing, aerospace sensing, and quantum-adjacent systems.   

For emerging technologies, the future system stack will require not just silica in abundance, but 
silica in increasingly elevated purity classes. Laboratory work at institutions such as MIT and 
UCL on quantum effects in silica, silicon photonics, and nanophotonic architectures is already 



probing regimes where conventional 5N material shows clear limitations and cannot reliably 
support the performance, stability, or defect tolerances that next‑generation devices demand. In 
practice, the stack must move into 6N and ultimately 7N‑grade silica: material capable of 
supporting crucibles, wafers, optics, photonics, fiber networks, aerospace payloads, and 
advanced medical technologies with minimal contamination, low defect density, and sharply 
reduced signal degradation. Recent technical and industry work on fused silica for photonics and 
optical interconnects confirms that these higher‑purity bands are becoming increasingly 
important as AI infrastructure pushes against the “copper wall” and requires lower‑loss, 
higher‑bandwidth optical pathways. 

As copper approaches its physical and thermal limits in advanced computing and data 
movement, light-based systems will assume greater importance. Yet light still requires a material 
pathway. High-purity silica is that pathway. 

It carries the light.   
It shapes the optical field.   
It protects the signal.   
It supports the crucible. 

And in the emerging AI, photonics, aerospace, and semiconductor economy, that makes high-
purity silica not simply useful, but strategically foundational. 

The Capacity Expansion Race — And Its Supply Limits 

The emerging 2028 supply constraint. 
 
Today’s project‑finance and credit models barely register high‑purity silica as a binding 
constraint, even though it quietly underpins lithography optics, semiconductor handling, silicon 
photonics, and advanced glass systems that AI infrastructure depends on. Because this demand is 
embedded upstream—in optics, wafers, and fibers rather than in easily modeled “capacity 
additions”—it rarely appears clearly on bank term sheets or in macro forecasts. 
Some of the most important forces in economics are intrinsic and invisible until they hit the 
ledger. Interest accrues unnoticed until it lands in the account; in the same way, latent materials 
scarcity only becomes “visible” once project delays, cost overruns, yield loss, and missed 
performance guarantees show up in financials. That intrinsic character makes ultra‑high‑purity 
materials as central to modeling as interest and return on investment are to banks. 

Advanced Photonics, 6N–7N Silica, and AI Optics 
 
On the technology side, the dependency is sharpening rather than relaxing. Advanced photonic 
chip fabrication—such as Fraunhofer IZM’s CO₂ laser welding process for adhesive‑free 
fused‑silica fiber‑to‑chip connections, described as “something of a revolution” in photonic 



integration—requires fused silica whose thermal expansion coefficient and optical interface 
quality can only be maintained at elevated purity. As photonic integrated circuits move toward 
co‑packaging with ASICs at the die level, substrate purity requirements become more stringent, 
not less. 
 
At those purity levels, trace metals, defect centers, and inclusions must drop to thresholds that 
enable longer‑life and lower‑noise optical components in aerospace and satellite payloads, tighter 
coherence and lower decoherence in quantum and precision‑metrology environments, and 
higher‑yield, lower‑contamination environments in advanced chip manufacturing. 6N and 7N 
purity levels push beyond current commercial benchmarks, approaching the upper limits of what 
is achievable in fused‑silica manufacturing today. In practical terms, this moves impurity 
concentrations into the sub‑ppm to ppb regime, which is where next‑generation photonics, 
quantum systems, and AI‑grade optics can operate at their intended performance envelopes. 
The critical issue for capital is that these purity thresholds are not optional upgrades; they are 
becoming hard requirements built into future optical designs for AI datacenters, satellite 
communications, and quantum‑enabled sensing. Yet they are scarcely reflected in current 
supply‑and‑risk assumptions. 
 
Structural Gaps in Current Modeling 
 
Four structural issues define the disconnect between real supply risk and how capital is currently 
allocated: 
 
1. Traditional valuation systems underweight latent strategic demand. They are not built to fully 
capture the value of forward offtake, supply security, qualification lead times, and national 
industrial dependency before those factors become visible in historical cash flows or 
conventional credit metrics. In critical minerals, that delay is not neutral; capital often arrives 
only after the strategic window has narrowed.  

2. The demand horizon for high‑purity quartz and silica derivatives is accelerating, but bank 
funding behavior remains anchored in older, linear traditions. Capital frequently enters only after 
multiple milestones, in late Round 2 or Round 3, even though the true bottlenecks—geology, 
permitting, purification, and qualification—require earlier commitment. In practice, traditional 
financing is structured to confirm safety rather than to secure supply. 
 
3. Developers remember who moved first. Project leaders who watched major banks decline 
genuine early‑stage risk tend to remain loyal to the original believers and will not slow a project 
to accommodate late money, no matter how large the institution. By the time late‑stage capital 
arrives, the strategic advantage—and often the offtake—may already be gone. 
 
4. Many banks still operate inside matrices built on backward‑looking models that do not register 
the intrinsic nature of the generational shift underway among Gen Z and younger 



decision‑makers—from traditional big‑bank dependence to tokenizing mines and mineral 
reserves in jurisdictions such as Brazil and Namibia. 

New Modeling and Tokenized Capital 
 
This shift is already operational. In Brazil, AMA‑AMBIOGEO has tokenized 474 metric tons of 
certified gold reserves—S‑K 1300–compliant, with an economic value of roughly $36.8 billion 
and a discounted cash‑flow valuation of about $4.6 billion—through regulated digital securities 
distributed directly to investors without large‑bank intermediation. Brazil’s tokenized 
real‑world‑asset market has recorded growth above 1,100% in a single year, and national 
legislation has now mandated blockchain‑based tracking of all gold production effective January 
1, 2027. 
 
In Namibia, DAMREV has structured a roughly $300–330 million tokenization of a copper 
mine, again bypassing traditional institutional channels and enabling fractionalized, on‑chain 
ownership of real mineral assets. These are not experiments; they are operational blueprints that 
Gen Z entrepreneurs and Round‑1 partners are already executing for real projects. 
As tokenized mineral reserves become compliant, liquid, and globally accessible, the role of 
traditional banks in critical minerals capital formation will be structurally bypassed rather than 
gradually eroded. The emerging cohort prioritizes alignment and early commitment over 
institutional scale, and they remain loyal to those who shared risk at the outset. 

The 2028 Silica Constraint Window 
 
In that context, capital that arrives at “late Round-1” behaves more like a post‑event audit than a 
strategic investment. It cannot compress geology, permitting, purification, qualification, and 
infrastructure into the narrow window remaining before the 2028 horizon. High‑purity silica 
supply chains operate on multi‑year timelines; they cannot simply be expanded once the supply 
constraint becomes visible on the balance sheet. 

On current trajectories, there is a credible risk that by 2028 and beyond, high‑purity silica 
transitions from an under‑modeled input to a binding constraint across photonics, semiconductor 
manufacturing, and AI optics. At that point, the limiting factor will not be capital in search of 
yield, but physical and temporal limits on bringing qualified 6N–7N material into production at 
scale. 

In practical terms, money that waits for traditional milestone comfort will not prevent a 2028+ 
high‑purity quartz shortfall; it will arrive in time only to finance regret, not supply. 

•	 The Global HPQ market is projected to grow from about $0.87–1.2 billion in 2025 to   
            $1.38– 2.5 billion by 2032–2035, implying ~7% CAGR. 



•	 Semiconductor‑grade HPQ sand specifically is expected to nearly double from $1.38  
             billion in 2025 to  $2.74 billion by 2034, ~7.9% CAGR. 

•	 Volumetrically, HPQ tonnage is projected to grow from roughly 119 kilotons in 2026 to   
             ~175 kilotons by 2031, ~8% CAGR. 

Those curves understate reality in AI and HPC: wafer area for AI/HPC chips is forecast to grow 
at 18.94% CAGR through 2031, far above the generic HPQ curves, which means silica demand 
for crucibles, quartzware, and photonic components is effectively outpacing the modeled supply 
growth. 

Why “Round 3” Funding Arrives Too Late 

The data describe a financing sequence that capital markets still treat as normal: 

•	 Round 0/1: exploration, resource definition, preliminary economics. 
•	 Round 2: permitting, PFS/DFS, deeper engineering. 

•	 Round 3: construction capital after multiple “de‑risking” milestones. 
             For HPQ and similar critical minerals, that cadence no longer matches system reality: 

•	 USGS explicitly notes no economic substitutes exist for HPQ in most applications and    
            that reserves are “ limited to a few locations.” That puts HPQ in the same strategic bucket  
             as rare earths and high‑assay low‑enriched uranium. 

•	 The Semiconductor Industry Association and other industry comments stress that  
              qualifying a new mineral   source for semiconductor use is node‑specific and takes years     
             — not months — because material must be proven across multiple process steps and  
            reliability regimes. 

•	 Research and Markets and other HPQ studies highlight that purification is      
            capital‑intensive, energy‑intensive, and geology‑constrained, which makes long lead   
            times unavoidable even when capital is available. 

If banks insist on waiting for “Round 3 milestones” as if HPQ were a generic commodity, the 
timeline looks like this: 

1.	 Demand spike visible in AI fabs (2024–2026). 
2.	 Banks recognize risk after price spikes and supply interruptions (Helene‑style events)  
             around 2026–2027. 
3.	 Capital finally flows into new mines and advanced purification projects (2027–2028). 



4.	 First real output arrives 5–7 years later (2032–2035). 

By that point, the market has already experienced undersupply, shortages, price spikes, lost sales, 
deferred fab ramps, and geopolitical reshuffling of supply chains. 

Market research on HPQ emphasizes three structural constraints: limited deposits, high 
purification costs, and long development cycles. Banks and institutional capital, modeling on 
historical demand curves and diversified silica markets, still treat HPQ exposure as risky and 
optional — not as a prerequisite for continued semiconductor and AI revenue growth. 

The emerging but largely unseen risk is as follows: 

•	 When supply isn’t there to meet demand, fabs and data centers don’t stop needing HPQ;  
             they just defer capacity, delay product launches, and reallocate capex. 
•	  In retrospect, banks will see that early, Round‑1 capital into identified critical mineral   
            projects would have preserved downstream sales and profits by enabling continuous  
            production. 

•	 Funding issued only as a reaction — once shortages, price spikes, and political pressure   
             are undeniable — becomes capital that finances recovery, not growth. It chases a   
             damaged opportunity set instead of preserving a healthy one. 

 In other words: reactive capital is anti‑growth capital in a constrained critical‑minerals system. It 
restores what could have been preserved by proactive funding. 

Data sources and methodology: 

•	 The HPQ supply curve is derived from Mordor Intelligence’s published HPQ market    
            volume  of 119.27 kilotons  in 2026, growing at a 7.95% CAGR — the most current   
             industry consensus figure for modeled supply  expansion. 

•           AI/HPC Demand curve is derived from Mordor Intelligence’s AI and HPC    
             Semiconductor Silicon Wafer Market, valued at 3.41 billion square inches in 2026,  
             growing at 18.94% CAGR through 2031. The wafer  
             demand is converted to an HPQ equivalent using the established 2026 ratio of 119.27 kt  
             per 3.41 billion square inches of wafer area — a direct material linkage, since every   
             silicon wafer growth cycle requires an HPQ crucible. 

•	 The crossover point is 2026 — the year supply and demand are in approximate parity.   
            From 2027 onward, the demand curve diverges sharply, producing a ~30 kt shortfall by   
            2028 on current trajectories  

•	 The USGS confirms no economic substitutes exist for HPQ in most semiconductor and  



             photonic applications, meaning this gap cannot be bridged by material substitution —    
             only by new supply. 

Timing Gap: Why Round‑3 Funding Is Too Late 

Demand horizons for critical minerals are accelerating at the same pace as AI and advanced 
technology adoption because information velocity has increased: real‑time geology, OEM 
demand signals, and geopolitical risk are visible years earlier than they once were. Most banks, 
however, still rely on backward‑looking models that assume capital should enter at Round‑3 
milestones, once production is proven and cash flows are visible. That logic was tested in a 
slower world; under current conditions it systematically delays the possibility of meeting 
emerging demand. 

Table 1: Supply and Demand Curves



If funding were issued at late Round‑1 or Round‑2—advancing projects earlier than traditional 
practice—there would be a realistic chance for critical mineral supply to keep pace with demand. 
Under the prevailing model, when supply is not there to meet demand, banks will later see that 
early advancement of identified critical mineral projects would have preserved downstream sales 
and profits by enabling continuous production. Capital issued only as a reaction—after shortages 
and price spikes are obvious—inevitably sacrifices growth that could have been maintained with 
proactive funding. 

The USGS notes that no economic substitutes exist for high‑purity quartz (HPQ) in 
most major applications and that global reserves are limited to a few locations. In such 
a system, the timing of funding decisions is not marginal; it is central to whether the 
industrial stack can function at all.


The Capacity Expansion Race — And Its Limits 

Sibelco, the dominant operator in the HPQ segment, has committed to two phases of expansion 
at Spruce Pine: 

•	 Expansion 1: approximately $200 million (2023–2025) to double installed  
           capacity versus the 2022 base. 
•	 Expansion 2: approximately $500 million (2024–2027), bringing total planned  
           investment to about $700 million through 2027. 

Between 2019 and 2023, Spruce Pine production already increased by roughly 58–60%. Even 
with this expansion, a full doubling of capacity merely restores and extends a supply base that 
was disrupted by Hurricane Helene, exposed to tariff and geopolitical pressure, and now racing 
against a demand curve that is accelerating faster than the expansion timeline. 

USGS and industry data confirm Spruce Pine’s purity advantage remains unmatched: 
commercial HPQ products exceed 99.999% SiO₂ (≈5N), while the best Chinese domestic pilots 
have reported only 99.995–99.998% (≈4N5–4N8). This reinforces that HPQ is both geologically 
constrained and purity‑differentiated at the global level. 

Semiconductor Fabs, Wafers, and Crucible Demand 

Semiconductor and AI wafer expansion further intensifies HPQ pressure: 

•	 TSMC’s leading‑edge 3 nm capacity is reported as effectively booked through   
           2027–2028; the firm is expanding from roughly 130,000 wafers per month to   
           around 180,000 wafers per month by the end of 2026—a more than 40%  
           increase. 



•	 TSMC has guided $52–56 billion in capital expenditure for 2026 alone, covering   
           fabs in Arizona, Taiwan, and Japan, all requiring silicon wafers—and thus HPQ  
           crucibles. 
•	 Samsung, SK Hynix, Micron, and Intel are simultaneously ramping new fabs into   
           2027–2028. 

•	 The AI and high‑performance‑computing wafer market is projected to grow from     
           3.41 billion square inches in 2026 to 8.11 billion square inches by 2031, a     
           compound annual growth rate of 18.94%. 
           Crucible demand specifically shows similar acceleration: 
•	 The semiconductor quartz crucible market is expected to grow from roughly  
           $390–500 million in 2025 to $770 million–$1.2 billion by 2033, at a compound  
           annual growth rate of 10.5–12.98%. 
•	 Crucibles for larger crystals (28‑inch and 32‑inch+) face the most intense   
           demand, and each Czochralski growth run consumes the crucible; they are   
           effectively single‑use. 

•	 Ultra‑high‑purity crucibles (>99.99%) already account for around 59% of crucible   
           revenues and are indispensable for AI, 5G, and EV chips. 

Quartz fabricated parts for AI/data centers follow the same pattern. TECHCET’s 2026 analysis 
projects quartz fabricated parts revenues to exceed $2.33 billion in 2026, driven by AI/
data‑center fab expansion and momentum in advanced memory and leading‑edge logic. 
TECHCET concludes that “quartz is increasingly viewed not as a commodity, but as a strategic 
material essential to semiconductor manufacturing resilience.” 

Downstream systems reinforce this dependency: 

•	 SpaceX’s Starlink and next‑generation optical payloads depend directly on  
           high‑purity fused silica for lenses, mirrors, fiber, and photonic assemblies. 
•	 Tesla’s AI‑related chips, along with designs from NVIDIA, AMD, Broadcom,  
           Apple, Meta, and Qualcomm, all consume leading‑edge capacity at TSMC and  
           other fabs, whose workflows are entirely silicon‑wafer and quartz‑crucible  
           dependent. 
•	 Global HPQ market value is projected to grow from about $0.87–$1.2 billion in  
           2025 to around $1.38–$2.5 billion by 2032–2035, with the highest purity  
           segments dominating revenue growth. 

Determination: Supply–Demand Gap —  Confirmed 

On current demand trajectories, a systemic timing gap emerges: if banks wait for “proven 
production” before providing meaningful capital, critical mineral supply chains—especially HPQ



—will fail to align with demand by around 2028. The impact will be most acute in advanced 
electronics, photonics, fiber‑optic infrastructure, and energy systems. 

Information velocity has increased dramatically, but credit models for mining and infrastructure 
remain anchored in slower, backward‑looking frameworks optimized for late‑stage project 
finance rather than early, reserve‑backed community finance. This mismatch produces a 
predictable pattern: capital responds to visible shortage instead of pre‑empting it. 

Conceptually, this creates a first‑mover opportunity. An institution that steps in early with 
structured, collateralized lines secured by high‑quality reserves and credible S‑K 1300 technical 
reports can both bridge the timing gap and capture outsized strategic and financial value. If it 
does so now, it can lock in long‑term offtake and cash‑flow architectures by 2028, at which point 
additional capital will be required less for supply creation and more for refinancing 
already‑committed positions. 

Job to Be Done: Aligning Supply with Demand 

The practical task is to accelerate early‑stage advancement of strategically important critical 
mineral projects so that future supply aligns with forecast industrial demand. This requires three 
coordinated outcomes: 

•	 Demand alignment: identify critical minerals—such as high‑purity silica, rare  
           earths, and gallium—facing structural supply deficits based on forward demand  
           across semiconductors, aerospace, and energy systems, and translate those  
           signals into project‑level prioritization. 

•	 Early‑stage de‑risking: move projects from “interesting assets” to institutionally  
           credible opportunities by clarifying permitting pathways, validating resources in  
           line with S‑K 1300, aligning ESG positioning, and coordinating federal and state  
           stakeholders. 

•	 Temporal compression via an institutional platform: provide an execution layer   
           that accelerates government engagement, strategic capital pathways, and  
           offtake signaling and pre‑commercial validation, compressing 24–36 months of  
           fragmented progress into a disciplined 12‑month advancement cycle. 
  
To be effective, early‑stage advancement must connect directly to capital formation. That implies 
collateralizing early‑stage reserve value through credible technical reporting and legal 
frameworks, anchoring community development around emerging mineral districts, advancing 
assets to production‑readiness thresholds that meet institutional underwriting standards, and 
positioning projects for scaled global capital participation through a staged, transparent financial 
architecture linking Round‑1 formation, Round‑2 structured project finance, and Round‑3 
capital‑markets solutions. 



Current institutional approaches remain fragmented—focused on late‑stage project finance or 
narrow ESG instruments—without integrating early‑stage collateralization, permitting 
acceleration, and community‑aligned capital formation into a single model. 
Timing Mismatch: HPQ Example 

The HPQ market illustrates the urgency: 

•	 Supply is projected to reach approximately 119 kilotons in 2026, growing at  
           about 8% compound annual growth to roughly 175 kilotons by 2031. 

•	 AI and high‑performance‑computing wafer area, which drives quartz crucible   
           consumption, is expected to grow at about 18.94% compound annual growth   
           over the same period. 

This divergence begins to materially impact markets by 2027, with an estimated 30‑kiloton 
supply shortfall by 2028 in a system with no viable substitutes and highly constrained reserves. 
In that context, reliance on late‑stage (Round‑3) capital becomes structurally inefficient. It 
finances recovery after shortages, price dislocations, and deferred production rather than 
enabling continuous supply by advancing projects at the earliest stages. 

Strategic Implications for Banking Models 

The institution that first adopts this early‑stage, reserve‑collateralized model can reshape its 
competitive position in U.S. banking. Rather than acting solely as a lender against generic 
collateral, it becomes: 

•	 Custodian of strategic, mandatory critical minerals, not merely a creditor to   
           operating companies. 

•	 Depositary and collateral agent across the project lifecycle, with durable security interests   
            over mineral rights and related cash flows, regardless of which capital‑markets  
            participants join later rounds. 

In such an architecture, the early‑moving bank holds rights over high‑value mineral reserves and 
claims. As demand for offtake and critical minerals increases, traditional “third‑position” banks 
face structurally limited access; key long‑term offtakes and associated cash flows are already 
contracted and secured. As supply shocks expose the cost of under‑financing early‑stage projects, 



the early custodial positions in mineral districts materially strengthen the first-moving 
institution’s strategic position. 

Over time, accumulation of custodial mineral rights and reserve‑backed collateral can shift a 
bank from competing primarily on conventional lending and payments to holding a foundational 
role in the national critical‑minerals architecture. In balance‑sheet and strategic terms, that is a 
pathway into the upper tier of U.S. banking driven by assets that are mandatory for AI, 
fiber‑optic networks, robotics, advanced manufacturing, and energy‑transition infrastructure. 

Disruption Lens: From Blockbuster to Netflix Now Critical Minerals 

The late Harvard professor Clayton Christensen’s “job to be done” framework underscores that 
disruption occurs when incumbents optimize for the wrong problem. Blockbuster focused on 
promotions and in‑store incentives when the real strategic asset was data; Netflix built a model 
around that asset and reshaped the market. 

In the current environment, disruptive curves are forming across AI, photonics, fiber-optics, 
robotics, critical minerals, and tokenized mineral platforms. The party that controls strategic 
reserves at Round‑1 and Round‑2 quietly becomes the party holding what later participants need. 
Offtakes and supply‑chain dependencies are inherited through the failure of slower institutions to 
see the curve in time. 

The lesson is straightforward: when the market’s true constraint shifts—from coupons to data, or 
from generic collateral to critical mineral rights— the winning strategy is to pivot toward the 
asset that actually matters. In the case of HPQ and related minerals, that asset is custodial control 
over reserve‑backed, purity‑verified mineral rights and the cash‑flow structures they support. 

Conclusion 

In a system where high‑purity quartz has no economic substitute and reserves are limited to a 
few locations, capital that waits for Round‑3 milestones becomes structurally anti‑growth: it 
finances recovery after shortages rather than preserving continuous production. A first‑mover 
institution that structures reserve‑backed, early‑stage finance can quietly become custodian of 
mineral rights and cash‑flow architecture that the rest of the system will depend on. 
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Additional industry summaries have described further expansion planning through 2027. Any 
claim that Sibelco committed approximately $500 million in a second phase, or approximately 
$700 million in total investment through 2027, should be supported by a direct Sibelco 
statement, USGS publication, or identified industry report before final publication.  
Use in paper: 
Supports the argument that even major incumbent expansion at Spruce Pine may not fully close 
the supply gap if AI/HPC demand accelerates faster than HPQ capacity.  

6. Spruce Pine Purity Advantage 
Claim supported: Spruce Pine remains one of the world’s most important sources of high-purity 
quartz suitable for semiconductor and advanced-material supply chains. 
Reference language: 
U.S. Geological Survey materials, technical studies, and industry reporting identify the Spruce 
Pine district in North Carolina as one of the world’s most important known sources of natural 
high-purity quartz used in semiconductor, solar, optical, and specialty-glass supply chains.  
Qualified reference language for purity comparison: 
If the paper states that Spruce Pine-derived products exceed 99.999% SiO₂, while leading 



Chinese domestic pilots reach approximately 99.995–99.998% SiO₂, that comparison should be 
supported by a specific technical report, trade study, or USGS-cited source. Until that document 
is attached, the safer statement is: “Spruce Pine remains one of the world’s most important 
known sources of natural high-purity quartz suitable for semiconductor-grade applications.”  
Use in paper: 
Supports the supply-concentration and purity-bottleneck arguments.  

7. TSMC — Wafer Capacity Growth and Supply-Chain Dependence 
Claim supported: TSMC’s advanced-node growth and AI-driven capacity expansion increase 
demand for high-purity silicon wafers, quartz crucibles, specialty materials, and upstream 
supply-chain resilience. 
Reference language: 
Taiwan Semiconductor Manufacturing Company, 2024 Annual Report and related investor 
disclosures. TSMC’s annual report and supply-chain risk disclosures describe continued capacity 
expansion for leading-edge process technologies, early engagement with raw-wafer and 
materials suppliers, and the importance of stable access to high-purity silicon wafers and 
specialty materials.  
Additional reference language: 
TSMC investor presentations and annual reports for 2025–2026 should be cited for any specific 
claims regarding 3 nm capacity, wafer-per-month expansion, or capital expenditure guidance. 
Where the paper cites figures such as $52–56 billion in 2026 capital expenditure or a ramp from 
approximately 130,000 to 180,000 wafers per month, the final version should cite the exact 
TSMC investor presentation, earnings material, or annual-report page.  
Use in paper: 
Supports the demand-side argument that advanced-node AI manufacturing is increasing upstream 
pressure on wafers, crucibles, and high-purity quartz supply.  

8. AIChipMap / Semiconductor Supply-Chain Analysis 
Claim supported: TSMC manufactures a dominant share of the world’s most advanced chips 
and depends on highly specialized upstream suppliers and materials. 
Reference language: 
AIChipMap, TSMC — AI Chip Supply Chain & Export Controls. The supply-chain mapping 
identifies TSMC as a dominant manufacturer of advanced logic chips and highlights the 
dependencies of AI chip production on upstream materials, wafers, specialty equipment, and 
geographically concentrated supplier networks.  
Use in paper: 
Supports the system-risk argument that disruption in upstream high-purity materials can ripple 
through the AI chip ecosystem.  

9. TECHCET — Quartz Parts and Strategic-Material Framing 
Claim supported: Quartz fabricated parts and consumables are becoming strategic materials for 
semiconductor manufacturing resilience, with revenues projected to exceed approximately $2.33 
billion in 2026. 



Reference language: 
TECHCET, Quartz Parts and Consumables for Semiconductor Manufacturing, 2026 analysis. 
TECHCET projects quartz fabricated-parts revenues exceeding approximately $2.33 billion in 
2026, driven by AI/data-center fab expansion, advanced memory, and leading-edge logic. 
TECHCET also characterizes quartz not as a generic commodity, but as a strategic material 
essential to semiconductor manufacturing resilience.  
Important publication note: 
 
This reference should be used only if the TECHCET report, client note, press release, or quoted 
source is in hand. If not, the claim should be softened to: “Industry analysis identifies quartz 
parts and consumables as increasingly strategic to semiconductor manufacturing resilience.”  
Use in paper: 
Supports the argument that quartz is moving from commodity status to strategic-material status.  

10. SpaceX / Starlink — Optical Communications and Fused-Silica Demand 
Claim supported: SpaceX, Starlink, and next-generation satellite systems are moving toward 
optical communications, increasing the strategic importance of precision optical materials. 
Reference language: 
Public technical descriptions and academic analyses of Starlink and next-generation satellite 
networks describe the growing role of laser inter-satellite links and free-space optical 
communications in low-latency, high-bandwidth space-based networks. These architectures 
increase demand for precision optical materials, including fused silica and related high-purity 
optical components used in lenses, mirrors, fibers, windows, and photonic assemblies.  
Qualified language: 
Unless a direct SpaceX bill-of-materials or supplier source is cited, the paper should avoid 
stating that SpaceX “directly depends” on a specific grade of fused silica. The stronger 
defensible wording is: “Space-based optical communications increase demand for precision 
optical materials, including fused silica and related high-purity optical components.”  
Use in paper: 
Supports the aerospace and space-communications demand narrative.  

11. Tesla / AI Chips — Advanced Foundry Demand 
Claim supported: Tesla’s AI-chip roadmap contributes to broader demand for advanced-node 
foundry capacity, silicon wafers, quartz crucibles, and high-purity upstream materials. 
Reference language: 
Industry reporting on Tesla’s AI-chip roadmap and foundry relationships, including advanced AI-
chip production tied to major foundries such as Samsung and TSMC, supports the conclusion 
that autonomous systems, robotics, and AI platforms are increasing demand for leading-edge 
wafer production. Because silicon-wafer crystal growth relies on high-purity quartz crucibles and 
related materials, Tesla’s AI-chip demand should be understood as part of the larger AI-driven 
materials demand curve.  
Qualified language: 
Tesla should not be presented as a standalone HPQ demand driver. The safer framing is: “Tesla’s 



AI-chip strategy adds to the broader advanced-node wafer and foundry demand already being 
driven by AI, autonomous systems, robotics, and data centers.”  
Use in paper: 
Supports the broader AI-demand thesis without overstating Tesla-specific HPQ reliance.  

12. Tokenized Real-World Assets — General Bypass Risk 
Claim supported: Tokenized real-world assets may allow some commodity, mineral, private-
credit, and asset-backed financings to bypass traditional banking intermediaries. 
Reference language: 
Tokenized real-world asset market reports describe the use of blockchain-based instruments to 
represent off-chain assets such as commodities, private credit, real estate, bonds, and other asset-
backed claims. These structures may increase fractional ownership, liquidity, automated 
settlement, and direct investor access, while also introducing valuation, custody, legal, and 
regulatory risks.  

Use in paper: 
Supports the argument that banks may face bypass risk if they remain too slow to finance 
critical-mineral projects.  

13. Tokenized Mineral Reserves — Brazil, Namibia, and Bank Disintermediation 
Claim supported: Tokenized mineral-reserve structures may emerge as an alternative capital 
pathway for mineral developers. 
Reference language: 
Tokeny and Brazilian real-world-asset tokenization reports describe tokenized commodity and 
mineral-backed structures, including claims involving certified gold reserves and direct investor 
distribution through compliant digital-security instruments. Related reporting on tokenized 
mineral financings in jurisdictions such as Brazil and Namibia suggests that reserve-backed 
tokenization may become a competing pathway to traditional bank-intermediated project finance.  
Important publication note: 
Specific claims regarding AMA-AMBIOGEO’s alleged tokenization of approximately 474 
metric tons of certified gold reserves, a $4.6 billion discounted asset value, Brazil’s 1,134% 
tokenized RWA market growth, blockchain tracking of national gold production effective 2027, 
or a $300 million Namibia copper-mine tokenization should be used only if primary offering 
documents, regulatory filings, or reputable financial-news sources are attached to the final paper.  
Safer paper language: 
Recent tokenization activity in real-world assets demonstrates that blockchain-based capital 
formation is beginning to compete with traditional intermediary models in certain asset classes, 
including commodities and private credit. For critical-minerals, this creates a credible bypass 
risk: if banks remain too slow, developers may increasingly seek reserve-backed, tokenized, or 
direct-investor structures outside conventional banking channels.  
Use in paper: 
Supports the banking-disruption argument, but should be handled carefully to avoid unsupported 
specificity.  



14. Composite Reference — 2028 Shortfall Thesis 
Claim supported: The 2028 HPQ shortfall thesis is supported by triangulating HPQ supply 
growth, AI/HPC wafer demand growth, quartz crucible dependency, limited substitutes, 
concentrated deposits, and AI-driven fab expansion. 
Reference language: 
The 2028 shortfall thesis combines: Mordor Intelligence’s modeled HPQ tonnage growth from 
approximately 119 kilotons in 2026 to approximately 175 kilotons by 2031 at roughly 8% 
CAGR; Mordor Intelligence’s AI/HPC semiconductor silicon-wafer growth forecast of 
approximately 18.94% CAGR; TECHCET’s quartz parts and consumables outlook; USGS 
mineral summaries noting limited substitutes and limited high-purity deposits; and TSMC 
investor disclosures describing advanced-node expansion and supply-chain dependence. 
Together, these sources support the conclusion that a supply curve growing at roughly 8% 
annually may be structurally mismatched against AI/HPC wafer-area growth near 19%, 
producing a plausible HPQ-equivalent shortfall beginning around 2027 and reaching 
approximately 30 kilotons by 2028.  
Use in paper: 
Place this composite reference directly after the first paragraph or chart note where the paper 
states: “the curves diverge beginning in 2027, producing an approximate 30-kiloton shortfall by 
2028.”  

15. Clayton Christensen / Harvard — Jobs to Be Done 
Claim supported: The “job to be done” framework used to analyze banking strategy and 
critical-minerals finance. 
Reference language: 
Clayton M. Christensen, Taddy Hall, Karen Dillon, and David S. Duncan, “Know Your 
Customers’ ‘Jobs to Be Done’,” Harvard Business Review, September 2016. This article 
introduces the “jobs to be done” theory as a way to understand why customers make the choices 
they do and how innovation can be directed toward those jobs. 

Additional reference language: 
Clayton M. Christensen, “Integrating Around the Job to Be Done,” Harvard Business School 
faculty framework. This work describes how organizations can structure themselves around the 
job to be done rather than around existing products or functions.  
Use in paper: 
Supports the paper’s definition of the critical-minerals “job to be done”: early-stage reserve 
collateralization, community anchoring, and staged architecture linking project finance to capital 
markets.  

16. Clayton Christensen / Banking Disruption 
Claim supported: Incumbent banks often lose disruptive opportunities because they rationally 
protect existing models; banks can be “the cause of their own demise” if they under-invest in 
disruptive innovation. 



Reference language: 
Clayton Christensen, “Rise Talks To: Disruption in Financial Services.” Christensen argues that 
banks risk causing their own decline if they focus only on tightening belts and automating 
existing models instead of investing in disruptive innovations.  
Additional reference language: 
Christensen Institute, Banking on Disruption: Digitization, FinTech, and the Future of Retail 
Banking, 2017. This paper explains how disruptive innovation applies to banking and why 
legacy organizations often miss opportunities when they remain optimized for sustaining rather 
than disruptive businesses.  
Use in paper: 
Supports the conclusion that a bank entering early as lender, collateral agent, depositary bank, 
and custodian of reserve-backed rights may capture strategic advantage before late-stage 
financiers recognize the supply-chain shift.  



Appendix X: Institutional and Technical Signals Supporting the Opening Thesis 

The opening thesis of this paper rests on a simple observation: frontier laboratories are beginning 
to treat silica and silicon-oxide systems not as passive industrial inputs, but as enabling 
substrates for next-generation electronics, photonics, quantum-adjacent systems, and AI-linked 
infrastructure. This shift is visible across leading institutions in the United Kingdom, Germany, 
and the United States. 

At University College London, the Nanoelectronics and Nanophotonics Lab states that its work 
focuses on nanostructured materials in electronics and photonics, including resistive switching, 
rare-earth-doped photonics, silicon photonics, and quantum effects in silica. UCL further states 
that its silicon-oxide-based resistive switching technology is “entirely compatible with current 
microelectronic fabrication techniques” and that quantized conductance in silicon-rich silica 
devices opens “interesting possibilities for quantum technologies.” 

In Germany, Fraunhofer IOF’s SILIQUA program is developing silicon-based photonic building 
blocks for on-chip lighting, modulation, sensing, and quantum applications.The program 
specifically targets photonic waveguide architectures and resonators that can be functionalized 
into silicon LEDs, lasers, quantum light sources, modulators, and sensors, with applications in 
communications, data processing, telecommunications, quantum computing, mobility, security, 
and space-related technologies. Fraunhofer’s published framing is notable because it makes clear 
that the question is no longer whether silicon-photonic systems matter, but how quickly they can 
be integrated into scalable chip architectures. 

At MIT, published work on photonic integrated circuit packaging identifies a central systems 
problem: as electrical interconnections approach physical limits, silicon-based optical couplers 
and photonic integrated circuits become critical to next-generation data-center and telecom 
architectures. More recent MIT work on scalable packaging and integration likewise states that 
integrated photonics still lacks the scale required to meet market demand and that material 
integration remains one of the key bottlenecks constraining broader deployment. 

Taken together, these institutional signals support the paper’s opening contention that the 
financial system may still be underwriting silica as a commodity while advanced laboratories are 
increasingly treating it as strategic photonic infrastructure. The appendix does not claim that 
every institution publicly specifies 6N or 7N silica in open literature; rather, it shows that the 
research direction, performance demands, and scale-up bottlenecks all move in the same 
direction: toward lower-defect, lower-loss, higher-integrity material systems whose importance is 
rising faster than conventional finance has yet priced. 



Disclaimer 

The views and opinions expressed in this publication are those of the author and are based on 
research the author has conducted, as cited in the Appendix. These materials may contain 
forward‑looking statements regarding markets, projects, and related developments. Such 
statements are inherently subject to risks and uncertainties, and actual outcomes may differ 
materially from those discussed. You are cautioned not to place undue reliance on any 
forward‑looking statements and are strongly encouraged to conduct your own research and due 
diligence and to form your own independent judgment. Neither the author nor the publisher shall 
be liable for any loss or damage arising from reliance on the information or forward‑looking 
statements contained in this publication, and readers agree that they are solely responsible for 
any decisions made based on their own evaluation and due diligence. 


