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Abstract—This essay advances the concept of Geopolitical
Mining: the fusion of mineral supply, midstream processing,
technology, standards, and legitimacy into a strategic system
that projects state power. Traditional narratives cast mining as
an extractive, technical industry. Twenty-first-century
realities—electrification, digitalization, and great-power
rivalry—redefine minerals as instruments of policy. We
contrast two governance logics: an engineering-centric model
that prioritizes capacity build-out, process learning, and
sovereign speed; and a juridical-procedural model that
prioritizes due process, risk allocation, and social consent. Each
generates strengths and vulnerabilities across exploration,
permitting, midstream industrialization, and recycling. The
essay concludes with a policy playbook to convert mineral
endowments into resilient strategic architecture: refineries,
recyclers, rules, and relationships.

Index Terms— critical minerals, cyber-physical security,
industrial policy, lithium, midstream processing, permitting, rare
earths, recycling, social license, sovereign speed, supply-chain
resilience, traceability, geopolitics.

L INTRODUCTION

When Materials Become Strategy

week’s delay on a shipment. A converter goes offline

for maintenance. A supply chain that looked fine on

spreadsheets begins to creak: factories slow,
inventories thin, officials convene emergency calls. This is
Geopolitical Mining' in plain terms—minerals as constraints
and levers, not just commodities.

Three forces explain the shift. First, technological
indispensability: batteries, wind turbines, power electronics,
and defense systems rely on a narrow set of materials. 2Second,
geographic and process concentration: a few locations mine
them; even fewer countries refine them?’. Third, geoeconomic
rivalry: sanctions, export controls, industrial policy, and friend-
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shoring re-politicize trade. Resource policy now is foreign
policy.*

1L Defining Geopolitical Mining

We use Geopolitical Mining to denote a systems-level
reorientation in which minerals cease to function as generic
commodities and instead become state-shaping instruments
integrated across extraction, midstream processing, technology
platforms, market rules, and legitimacy regimes. In this frame,
the unit of analysis is not a deposit or even a company, but a
strategic system that links (i) resource access, (ii)
refining/conversion capacity, (iii) component manufacturing
(e.g., CAM/pCAM, magnet alloys), (iv) standards and trade
preferences, (v) finance and diplomatic guarantees, and (vi)
social license as a political asset. Control of that system—rather
than ownership of ore alone—determines who can set tempo,
price the marginal tonne, and withstand shocks.

What Geopolitical Mining is not. It is not a rebranding of
“resource nationalism” or a simple supply-security policy.
Resource nationalism is typically upstream-centric (tax,
royalty, local ownership), while Geopolitical Mining is
explicitly ~ value-chain-centric,  privileging  conversion
chemistry, process IP, logistics, balancing markets, and the
institutional capacity to make rapid, coordinated decisions
(“sovereign speed”). In short: the chemistry matters more than
the rock; midstream is leverage; and governance pace is a
competitive variable, not a neutral backdrop.

Core properties of the system.

» Chokepoints over volumes. Refining, separation,
and precursor/cathode lines are the points that confer
bargaining power; they influence the marginal unit
even when ore is sourced elsewhere.

» Chemistry over geology. Process know-how
(purification yields, impurity control, reagent
redundancy, recycling recovery) beats raw resource

2 ezamanillo@gquantamining.com Independent Researcher, Quanta Mining, Toronto, ON, Canada

! Terminological note. “Geopolitical Mining” is introduced here by Marta Rivera and Eduardo Zamanillo to denote a system integrating extraction,
conversion, technology, standards, finance, and legitimacy into an instrument of state and corporate strategy. Subsequent work by the authors elaborates regional

applications and implementation playbooks.

2 mineral intensity tables or criticality lists (IEA; World Bank Minerals for Climate Action; USGS summaries).
3 production vs. refining shares for Li, Ni, Co, REEs, Cu (USGS; IEA; EC CRMA staff docs)
4 a policy/strategy source tying minerals to national security (e.g., U.S. DoD Securing Defense-Critical Supply Chains; IEA Critical Minerals overview).
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endowment in determining strategic position.

» Learning curves & localization. Cost declines and
quality stabilization accrue to jurisdictions that co-
site extraction + processing + componentization,
turning co-location into policy, not accident.

» Institutional asymmetry. Engineer-leaning systems
bias toward build-and-optimize; juridical-leaning
systems bias toward review-and-litigate. The
outcome is a divergence in through-time capacity
build versus queue-time—i.e., who compounds
installed base faster.

» Legitimacy as infrastructure. Durable community
compacts, transparent revenue-sharing, and credible
grievance channels are not “soft add-ons”; they are
stability layers that reduce discount rates and permit
capital to commit.

Why the term is needed now. Existing labels—"critical
minerals,” “supply chain resilience,” “industrial policy”—each
capture a slice but miss the integrated political logic that
emerges when mineral maps meet EV, grid, defense, Al, and
data-center buildouts. In this environment, mining is not an
enabling industry for the energy transition; it is the driver of
feasible transition speed and industrial sovereignty. Absent
Geopolitical Mining, states import someone else’s speed,
standards, and exposure.

» Operational test (diagnostic). A jurisdiction is
practicing Geopolitical Mining if:

» Refining share (not just mine share) is rising in at
least two strategic materials

» Offtakes + concessional/guarantee finance are
aligned to domestic conversion or allied demand;

» Recycling is being scaled as a domestic feedstock
(not a CSR pilot);

» Permitting clocks are explicit, time-boxed, and
published; and

» Community  agreements  include
transparency, training targets, and
development with audit cadence.

revenue
supplier

It is proposed Geopolitical Mining as a term of art to capture
this system-level redefinition. The present paper sets out the
concept, mechanisms, and policy diagnostics; subsequent work
develops the architecture across regions, actors, and playbooks.

I11. Two Governance Logics (Without Essentialism)

We treat “engineer vs. jurist” as institutional logics, not cultural

essences. Each logic is a reproducible pattern of how states and

firms structure decisions, allocate risk, and move capital across the
upstream—midstream—downstream system.

A. Definitions and Core Mechanisms

Engineering-centric logic (build-optimize):

Tempo: Compress latency between plan and plant;
parallelize ~ design, procurement, and enabling
infrastructure.

Coordination: Co-site mines/refineries; bundle power,
water, logistics; align offtakes with finance.

Finance: Use policy banks/concessional credit,
sovereign guarantees, and anchor offtakes to bridge
“unbankable” midstream.

Tolerance for overbuild: Accept calculated slack to
capture learning curves and secure standards/market
share early.

Accountability unit: Delivery milestones (mechanical
completion, ramp-up to spec); teams judged on build and
run KPIs.

Juridical-procedural logic (review-adjudicate):

Voice ex ante: Broaden participation (agencies,
Indigenous governance, civil society) before irreversible
commitments.

Risk allocation: Permit conditions, insurance,
indemnities, and litigation channels distribute risk
contractually.

Sequencing: Stepwise approvals by specialized
regulators; strong due process and public record.
Precaution: Tight environmental/heritage safeguards
and defensible administrative records.

Accountability unit: Compliance to statute, case law,
and conditions register; agencies judged on procedural

integrity.

Empirical tendency (not destiny):

Contemporary China maps to the engineering-centric
mode (integrated planning, policy banks, midstream
build-out).

The U.S., EU, Canada, Australia map to the juridical-
procedural mode (layered review, multistakeholder
consent, litigation-mediated control).

B.Comparative Advantages and Vulnerabilities

Advantages—engineering-centric

Speed & scale: Faster path to first-of-a-kind and early
learning curves.

System integration: Fewer hand-offs;
optimization across mine—refinery—logistics.
Standard setting: Early capacity anchors specs, supplier
ecosystems, and training pipelines.

better

Vulnerabilities—engineering-centric

Allocation risk: Overcapacity,
technology lock-in.

Externalities: Environmental/community harm if
consent and enforcement lag tempo.

Opacity risk: Lower transparency can raise sovereign
risk premia in external capital.

mispriced capital,
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Advantages—juridical-procedural

Legitimacy: Stronger social license; explicit rights
recognition (e.g., FPIC); predictable remedies.

Risk pricing: Clearer contracts, enforceable conditions,
and credible disclosure.

Quality control: Stricter standards can lift long-run plant
performance and environmental outcomes.

Vulnerabilities—juridical-procedural

Strategic latency: Missed midstream windows; staged,
sequential approvals elongate critical paths.
Coordination failure: Fragmented authority across
mine, power, water, rail/port, and chemicals siting.
Litigation drag: Injunctions and serial appeals can
destabilize timelines and capital costs.

C. Failure Modes and Early-Warning Indicators

Engineering-centric failure modes

Overbuild + price compression: Nameplate far ahead
of demand; negative margins across cohorts.

Spec instability: Rapid scale-up with inconsistent
impurity control; off-spec penalties.

Community backlash: Protests/shutdowns if benefit
sharing and grievance mechanisms lag.
Indicators: Capacity utilization <70% for 4+ quarters;
spec compliance <97% for 2+ months; grievance backlog
>30 days.

Juridical-procedural failure modes

Permit gridlock: Sequential reviews and duplicative
baselines; indefinite “stop-clocks.”
Salami-slicing: Enabling infrastructure
separately, creating hidden critical paths.
Capital flight: Developers pre-commit upstream abroad
where midstream is bankable.
Indicators: Variance >12 months vs. statutory clocks;
>3 separate approvals on power/water/rail; offtakes
exporting concentrates while domestic conversion lags.

permitted

D. Bridging Instruments (Hybridization Without System

Change)

These are logic-compatible tools that mitigate the core
weaknesses without requiring wholesale institutional reform.

For engineering-centric systems

Legitimacy by design: Publish conditions registers;
independent monitoring; community scorecards tied to
revenue-sharing milestones.

Capital discipline: Stage gates for midstream
expansions; stress-tests for demand/price; transparent
utilization dashboards.

Environmental assurance: Certified EIAs, third-party

audits, and real-time emissions/water dashboards.

For juridical-procedural systems

Parallel review with clocks: One lead agency; fixed
endpoints (approve / approve-with-conditions / deny).
Bundled assessments: Treat mine + processing +
enabling infrastructure as a single strategic package.
De-risk first-of-a-kind: Blended finance
(guarantees/convertibles), priority siting, and pilot
permits with enhanced monitoring.

E. Decision Rights, Time Constants, and the “Clock”

Think of each logic as choosing where decisions sit and how
long they take:

Engineering-centric: fewer decision nodes, shorter
time constants, higher ex ante coordination, higher ex
post correction costs.

Juridical-procedural: more decision nodes, longer time
constants, lower ex ante coordination, lower ex post
legitimacy risk.

Policy target: reach clock symmetry between systems—
engineering states adopt legitimacy clocks; juridical states adopt
delivery clocks.

F. Diagnostics (How to Tell Which Logic You Are In)

Decision graph density: number of approvals and
appeals layers from scoping to FID.

Clock certainty: share of complete applications decided
within statutory deadlines.

Co-location rate: % of upstream projects with domestic
conversion/separation or recycling within 300 km.
Finance mix: share of midstream CAPEX with
guarantees/concessional tranches vs. purely commercial
debt.

Legitimacy score: presence of CBAs with transparent
revenue-sharing, training targets, and grievance SLAs.
Spec performance: rolling 12-month on-spec rate;
reagent redundancy (>2 qualified suppliers per critical
reagent).

G. Implications for Geopolitical Mining

In Geopolitical Mining, tempo + chemistry + legitimacy
determine who captures the marginal processed tonne.

Engineering-centric systems tend to win the tempo
game—unless legitimacy shocks force shutdowns.
Juridical-procedural systems tend to win the durability
game—unless latency cedes learning curves and
standards to rivals.

The competitive frontier is therefore hybridization:
engineer-states institutionalize consent and transparency;
Jurist-states institutionalize delivery clocks and bundled
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infrastructure.

Operational implementations are detailed in Appendix A
(Permitting Clock Template) and Appendix B (Board
Playbook Checklist), which provide clock structures, ownership,
KPIs, and escalation thresholds.

IV. MIDSTREAM AS POWER

A. Why processing trumps extraction

Proposition. Extraction delivers tonnage; processing
delivers optionality. Conversion and separation determine
whether ore becomes a market-making product (battery-
grade chemicals, high-coercivity magnet alloys, high-
conductivity copper rod/wire). Whoever refines sets
specification windows, controls quality regimes, and
captures margins at the points of highest elasticity.

Mechanisms.

l. Specification power. Refiners define impurity
windows (e.g., Fe, Na, Ca, S, PPM-levels) that gate
saleability and pricing; they can tighten/relax specs to
shape counterpart risk and bargaining power.

2. Yield arithmetic. Small gains in recovery, phase
selectivity, or reagent utilization compound across
throughput—moving netbacks more than upstream
dilution or strip-ratio changes.

3. Process IP & tacit know-how. Hydromet routes,
SX/IX staging, precipitation control, crystallization,
and QA/QC protocols are sticky capabilities that travel
with people and equipment ecosystems.

4. Standards externalities. Midstream density anchors
standards bodies, assay protocols, and equipment
vendors, creating gravitational pull for suppliers,
training, and certification.

5. Price  discovery &  optionality. = Owning
conversion/separation confers optionality: switching
outputs (e.g., LiOH/Li2CO3), blending feeds, or
arbitraging penalty elements.

Design choices for states/firms.

e Co-location logic: co-site mine +
conversion/separation to integrate impurity learning
with geology.

e Scale vs. modularity: large trains for unit costs vs.
modular lines for ramp cadence and spec stability.

e Reagent strategy: dual-qualify suppliers; carry
strategic buffer stocks; validate substitutes.

e QA/QC infrastructure: independent labs, round-
robin assays, and digital traceability to defend
premiums.

Diagnostics (midstream strength).
e  On-spec rate (rolling 12-mo) > 97% for target product.
e  Effective throughput / nameplate > 85%.

e >2 qualified reagent suppliers per critical chemical; >
1 validated substitute.

e  Domestic share of refining (not just mining) rising in
>2 strategic materials.

e  Participation in >1 relevant standards body; accredited
lab capacity in-country.

Failure modes.
e  Spec drift: penalties erode margins; offtakers reroute.
e Brittle chemistries: single-reagent dependence;
unpriced waste streams.
e Learning stalls: high operator churn; no pilot line;
vendor lock-in inhibits process improvements.

B. Sovereign Speed

Proposition. In Geopolitical Mining, tempo compounds.
First movers in conversion and separation secure offtakes,
talent, supplier lock-in, and learning curves that widen the
gap with each quarter of operation. Policy clocks (subsidy
sunsets, content rules, fleet mandates) convert time into a
strategic asset.

Mechanisms.

l. Queue advantage. Early plants reserve long-lead
equipment (autoclaves, SX settlers, filters) and
catalytic reagents, pushing rivals into scarcity premia
and longer delivery times.

2. Talent capture. Operator and metallurgist cohorts
accumulate tacit knowledge; late entrants face a
shallow labor pool and higher ramp-up risk.

3. Procurement leverage. Volume commitments anchor
vendor service centers, spares inventories, and faster
turnaround.

4. Offtake optionality. Early capacity negotiates tighter
spreads and take-or-pay clauses; late entrants accept
residual barrels and penalties.

5. Policy synchronization. Plants commissioned within
incentive windows benefit from step changes in
project IRR and bankability.

Clock design (state).

e Parallel permitting with endpoints (see Appendix
A): one front door; clocks with approve/approve-with-
conditions/deny.

o Bundled infrastructure: power, water, rail/port, and
waste permitted as one strategic package.

e First-of-a-kind (FOAK) lane: pilot/multi-line
permits with enhanced monitoring, time-boxed.

e Blended finance: guarantees/convertibles to bridge
bankability until track record is proven.

Ramp design (firm).
e Two-step ramp: pilot line (0.1-0.3%) to lock spec,
then scale trains; avoid “big-bang” risk.
e KPI gating: move from nameplate to effective
throughput; tie bonuses to on-spec shipments and
reagent intensity.
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e Contingency playbook: pre-qualified tolling
partners; emergency buffers for critical reagents;
alternate logistics corridors.

Tempo metrics.

e  Concept-to-FID < 18-24 months for brownfield, <30-
36 months for greenfield conversion/separation.

e  Mechanical completion to steady-state on-spec < 6
months.

e  Of'the last 12 months, unplanned downtime < 5%.

e >90% of complete permit applications decided within
statutory clocks.

Failure modes.

e  Window miss: incentive sunset or content rule turns,
leaving capacity stranded out of “eligibility.”

e Ramp bust: prolonged off-spec forcing tolling/export
of intermediates.

e Dependency shocks: single supplier failure
(reagents, catalysts) stalls trains; no validated
substitute.

C. Midstream Density as Soft Power

‘What density buys.

e Standards voice: influence over assay
environmental metrics, and disclosure regimes.

e Training ecosystems: technical institutes and vendor
centers institutionalize know-how.

e (Capital magnetism: banks price lower risk for
jurisdictions with proven commissioning and
compliance records.

e Alliances: offtake-plus-technology MOUs become
geopolitical ties, not just contracts.

Institutional levers.

e Standards participation: join technical committees
(quality, sustainability, digital traceability).

e Applied R&D: fund pilot centers for hydromet routes
and recycling; co-author open protocols.

e Transparency: publish conditions registers and KPI
dashboards to stabilize expectations and reduce
discount rates.

specs,

D. Putting It Together (Operational Heuristics)

e If you control chemistry, you control cadence.
Prioritize ~ conversion/separation ~ where  your
jurisdiction can realistically reach on-spec fastest.

e Spec beats tonnes. Invest first where small purity
gains produce the largest netback lift.

e Speed without legitimacy is brittle; legitimacy
without speed forfeits the window. Hybridize:
delivery clocks + community compacts.

e Recycling is midstream, not CSR. Treat black-mass
and scrap as domestic feedstock hedges that stabilize
utilization across cycles.

For state “clock” design, see Appendix A. For firm-level
governance of tempo, reagents, and ramp risk, see Appendix
B.

V. THE JURIDICAL LAYER: FRICTION BY DESIGN—AND BY
ACCRETION

Western systems did not become complex by accident. Many
of today’s checks were built in response to real historical
harms—tailings failures, water conflicts, and projects
advanced without consent. Over time, statutes, agency
mandates, and case law layered into a protective shell that aims
to slow bad decisions and make them visible before they
become irreversible.

What this looks like in practice.

A typical project begins with multi-year baseline studies and
then moves through a series of sequential approvals. Because
responsibilities are split—environment, water, cultural
heritage, species protection—sponsors must satisfy multiple
jurisdictions. At any point, administrative appeals or
injunctions can pause the file. Even when incentives exist,
procurement and competition rules can complicate public co-
investment. Finally, the enabling infrastructure (power,
water, rail/port, waste) is often permitted separately, which
means a project that is technically “approved” may still lack
what it needs to operate.

The trade-off.

The upside is substantial: clearer recognition of rights—
including those of Indigenous and local communities—and a
public record that strengthens trust. The downside is equally
real: timeline uncertainty. Unclear end-dates and fragmented
responsibility raise capital costs and can push midstream
plants to jurisdictions where approvals are faster, even when
Western incentives try to pull them home.

How to read the friction.

Think of this layer as a high-signal, high-friction interface. It
surfaces risks early and broadens voice, but it can convert
legitimate caution into open-ended delay if processes are not
coordinated. In Geopolitical Mining terms, that means missing
the industrial window: refineries, separators, and recyclers set
up elsewhere, and with them go standards, training, and
supplier ecosystems.

Making the juridical layer work for speed and legitimacy.

Without changing the basic logic, three adjustments improve
outcomes:

1. One front door, one clock. Appoint a lead agency
that runs parallel reviews with a published decision
date (approve / approve with conditions / deny). Time-
box RFIs and define when a “stop-clock™ is allowed.

2. Bundle what is truly one project. Permit the mine +
processing plant + enabling infrastructure as a
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single strategic package so hidden critical paths do not
appear late in the process.

3. Consent and transparency by design. Resource
Indigenous and community participation early;
publish a conditions register at decision; create a
public dashboard (environmental, social, safety,
industrial KPIs) to maintain trust through operations.

These moves preserve the strengths of the juridical model—
voice, safeguards, and remedy—while restoring clock
certainty. In a system where midstream capacity is power, the
goal is not to remove friction but to shape it: keep the signal,
cut the drag.

VI. THE ENGINEERING LAYER: COORDINATION AT SCALE—
WITH ALLOCATION RISKS

Engineering-centric systems excel at making things line up.
They can co-site mines and refineries, schedule power, water,
rail/port, and mobilize policy-bank or guarantee finance so
that first-of-a-kind plants actually get built. They also enforce
policy coherence across ministries and provinces, which helps
shorten the path from concept to commissioning.

What this looks like in practice.

A project advances with a single delivery team and an
integrated plan: mine + conversion/separation + enabling
infrastructure. Financing is sequenced alongside long-term
offtakes, and procurement locks in long-lead equipment early.
The payoff is speed and a faster learning curve—plants reach
on-spec output sooner, vendors set up service centers, and
training pipelines form around real assets.

The trade-off.

The same coordination that delivers speed can distort signals:

e Overcapacity cycles may emerge if build decisions
run ahead of verified demand, compressing margins
for an entire cohort.

e Price signals weaken when capital is directed for
strategic reasons rather than commercial ones; risk can
migrate off balance sheets and become opaque.

e Environmental externalities can grow if
enforcement and community engagement lag the
industrial tempo.

e Technology lock-ins may occur if early champions
freeze out cleaner or more modular alternatives.

[ ]

How to keep the strengths while managing the risks.

Three adjustments make the engineering layer more durable
without slowing it to a halt:

1. Stage gates tied to evidence. Move from

announcement to pilot — train 1 — trains 2-N, with

each gate linked to on-spec performance, utilization,

and reagent intensity rather than just completion
dates. Publish a simple utilization dashboard.

2. Capital discipline with sunlight. Blend concessional
and commercial finance, but require transparent cost
and utilization reporting, independent price
references, and periodic stress-tests (demand, FX,
input reagents). Use temporary support that steps
down as plants prove out.

3. Legitimacy built into delivery. Resource
environmental enforcement and community
agreements at the same speed as construction. Publish
a conditions register and maintain an open KPI
dashboard (environmental, social, safety, industrial)
so trust keeps pace with build-out.

Design choices that help.

e Modularity where possible: add capacity in
increments to reduce lock-in and smooth ramps.

e Reagent redundancy: qualify at least two suppliers
and one substitute per critical chemical.

e Tolling options: pre-arranged outlets for off-spec
output during ramp-up.

e Portfolio balance: pair aggressive midstream builds
with recycling lines to stabilize utilization across
cycles.

Why it still matters geopolitically.

Even when profitability is volatile, a midstream footprint
anchors standards, training, vendor ecosystems, and offtake
relationships. That confers agenda power over supply chains:
the ability to influence specs, set the cadence of expansion, and
provide (or withhold) resilience to partners.

Bottom line.

The engineering logic is a powerful accelerator. With a few
guardrails—evidence-based stage gates, transparent finance,
and legitimacy that travels with the build—it delivers not just
plants, but enduring capacity that compounds into strategic
advantage.

VII. THREE LENSES: LITHIUM, COPPER, RARE EARTHS

Purpose of this section. These lenses translate the paper’s
argument into sector mechanics. They illustrate how
specifications, process know-how, and permitting clocks—not
just ore bodies—determine who captures the marginal
processed tonne. They also show how the engineering and
juridical logics succeed and fail in practice, and what each can
borrow from the other.

A. Lithium — Chemistry Decides
Where leverage sits.

e Conversion: spodumene — Li2COs/LiOH; brines —
battery-grade carbonate/hydroxide.
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Cathode chain: pCAM — CAM integration with tight
impurity windows (Na, Ca, Fe, SO.).

Recycling: black-mass refining to close loops and
stabilize utilization.

Typical failure modes.

Engineering logic: rapid converter build-out —
overcapacity waves and inconsistent spec in early
ramps.

Juridical logic: siting and permitting lag for
chemicals plants; upstream mines advance but product
is exported for conversion elsewhere (upstream-
abroad / midstream-abroad trap).

Diagnostics.

On-spec battery-grade output > 97% for 6 consecutive
months.

At least two qualified reagents (e.g., lime, caustic,
precipitants) and one substitute per critical step.
Domestic pPCAM/CAM capacity growth in step with
LiOH/Li-COs conversion.

What to do next.

Engineering systems: add pilot lines before scaling
trains; publish utilization/spec dashboards; enforce
third-party environmental audits.

Juridical systems: time-box chemical plant reviews
with parallel permitting; bundle grid/water/port; de-
risk FOAK converters with guarantees + offtake
support; reserve sites in chemical parks.

B. Copper — Legacy Metal, New Bottlenecks

Where leverage sits.

Concentrator-smelter-refinery alignment and
continuous power for high-uptime operations.
Downstream rod/wire and enameling for grid build-
out and data-center demand.

District synergies: shared water, tailings, and power

to reduce capex/opex and permitting complexity.

Typical failure modes.

Engineering logic: tight delivery focus but under-
provisioned water/energy, yielding curtailments and

off-spec  cathode; overbuild smelting without
scrap/recycling integration.
Juridical logic: fragmented approvals—mine

expansion, desalination, transmission corridors, and
port upgrades are permitted separately, turning one
industrial decision into multiple litigable paths.

Diagnostics.

Effective refinery throughput/nameplate > 85%;
cathode on-spec > 99.9%.

Single-line failure contingency (spares, alternative
power/water) validated by drill.

For expansions, one consolidated decision covers
mine + concentrator + enabling infrastructure.

What to do next.

Engineering systems: mandate water-power
resilience (desal + renewables + grid firming); co-site
rod/wire to lock local value and stabilize cathode
demand.

Juridical systems: bundle permits; publish corridor
plans; align CBA milestones to infrastructure delivery
so legitimacy keeps pace with capacity.

C. Rare Earths — Separation as Chokepoint

Where leverage sits.

Separation (SX/IX) and impurity control; heavy
REEs (Dy, Tb) for high-coercivity magnets.
Metallization + alloying + magnet fabrication
(NdFeB, grain-boundary diffusion) where tight
QA/QC and IP matter.

Typical failure modes.

Engineering logic: scale separation quickly but risk
environmental externalities if solvent/waste systems
lag; potential technology lock-in if early routes crowd
out cleaner alternatives.

Juridical logic: strong safeguards but rebuild
timeline is long—few qualified operators, pilot-to-
commercial gap, and standards that assume legacy
routes, not emerging chemistries.

Diagnostics.

Separation yield vs. impurity profile tracked monthly;
solvent losses within target; verified waste handling.
At least one pilot line per new route (e.g., alternative
extractants, membranes), with published performance.
Domestic capacity across separation — metal —
magnet shows coherent ramp (no stranded
intermediates).

What to do next.

A.

Engineering systems: invest in waste minimization

and closed-loop solvent; require community
transparency  (conditions  register, = emissions
dashboard).

Juridical systems: create a FOAK lane for separation
with enhanced monitoring; fund pilot centers and
operator training; use blended finance so first plants
clear the bankability barrier.

Why these lenses matter

They show that midstream nodes—not deposits—
decide bargaining power.

They reveal how tempo, chemistry, and legitimacy
interact: speed without legitimacy is brittle; legitimacy
without speed forfeits the window.
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They point to specific fixes (parallel clocks, bundled
permits, pilot lines, reagent redundancy, transparency
dashboards) that jurisdictions and firms can
implement now.

VIII. FINANCE, STANDARDS, AND THE MAP OF CAPITAL

Finance doesn’t just follow projects; it draws the political
map. The type, tenor, and conditions of money determine
which midstream plants get built, where they land, and who
owns the learning curve. Standards—responsible sourcing
rules, ESG taxonomies, and product specifications—then act as
gates to premium markets. Sequenced well, finance and
standards accelerate domestic capacity; sequenced poorly, they
push it abroad.

A. Capital Architecture by Governance Logic

Engineering-centric systems

Instruments. Policy banks, sovereign guarantees,
state-owned enterprises, and “whole-of-government”
packages (finance + EPC + offtake + training).
Effect. De-risks first-of-a-kind (FOAK)
conversion/separation; compresses timelines; builds
domestic vendor ecosystems.

Risk. Allocation distortion and opacity—overbuild,
weak exit discipline.

Juridical-procedural systems

Instruments. Tax credits, accelerated depreciation,
loan guarantees, export finance, development finance
institutions (DFIs).

Effect. Stronger price signals and governance; crowd-
in of private capital once permitting clocks and
infrastructure are credible.

Risk. Incentives without timing certainty = “paper
steel” (announced capacity that never materializes).

What Money Funds (and What It Avoids)

Commercial-only capital favors brownfields and
late-stage upstream (reserve certainty, clear costs).
Blended and policy-directed capital is needed for
FOAK midstream (conversion, separation,
recycling) where technology, siting, and market risk
stack up.

Export credit follows offtakes; if offtakes point
abroad, finance and learning curves migrate with
them.

Tie concessional slices to measurable milestones—on-spec
output, utilization, ESG performance—so support steps down
as plants prove out.

C. Standards as Trade Instruments

Standards shape who can sell into premium markets and on
what terms.

Responsible sourcing & due diligence (e.g., chain of
custody, traceability) — markets reward transparency
and enforcement capacity.

ESG taxonomies and product specs (impurity
windows, testing protocols) — determine saleability
and price bands.

Rules of origin/content — decide which shipments
qualify for incentives or tariff relief.

Two-way door: Well-sequenced standards become on-
ramps for cleaner processes and transparent revenue-sharing.
Poorly sequenced ones become non-tariff barriers that
entrench incumbent midstream hubs.

D. Sequencing Pitfalls (and Fixes)

Pitfall 1: Incentives ahead of permits.

Result: Announcements spike, stalls;
equipment slots go to others.

Fix: Publish permitting clocks and bundle enabling
infrastructure (power, water, logistics) into the same

decision (see Appendix A).

financing

Pitfall 2: Standards without supply realism.

Result: Buyers default to existing hubs that already
meet the paperwork, even if processes are dirtier.

Fix: Phase standards with transitional pathways
(pilot waivers, verified improvement plans) and fund
third-party verification capacity locally.

Pitfall 3: Offtakes misaligned with domestic build.

Result: Upstream exports feed foreign converters;
domestic plants lack steady feed.

Fix: Model system offtake (mine — converter —
component) and use public support to tie offtakes to
domestic ramps.

Pitfall 4: Concessional capital without exit discipline.

Result: Overcapacity, stranded assets.

Fix: Make concessional tranches step down when
plants hit on-spec/utilization KPIs; publish
dashboards.

Diagnostics (for Policymakers and Boards)

Tenor & mix: Share of midstream capex with
guarantees/long-tenor vs. short-tenor commercial
debt.

Clock credibility: % of complete applications
decided within statutory timelines.

Offtake alignment: Portion of offtakes that feed
domestic conversion or allied demand under content
rules.

Verification capacity: Number of accredited
labs/verifiers able to certify spec/traceability locally.
Utilization transparency: Public on-spec and
utilization dashboards for supported plants.
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Standard participation: Seats held in standards
bodies relevant to battery chemicals, magnets, and
copper products.

F. Practical Levers

Blended finance windows for FOAK
conversion/separation/recycling (guarantees,
convertibles), conditioned on KPI gates.

Chemical park zoning with pre-permitted plots and
shared utilities (wastewater, acid/base, steam, labs).
Accredited lab funding to shorten testing turnaround
and defend premiums.

Standards diplomacy: Join technical committees;
align domestic specs with target export markets.
Transparent covenants: Require conditions
registers and KPI dashboards for any publicly
supported plant.

Capital and standards are the rails on which Geopolitical
Mining runs. Get the sequencing right—money with clocks,
standards with supply realism—and midstream capacity shows
up at home. Get it wrong, and it shows up somewhere else.

IX. COMMUNITIES, LEGITIMACY, AND NARRATIVE

No strategy survives a legitimacy crisis. Narrative—and the
tangible delivery that sits behind it—creates the social license
that sustains long-dated assets. Juridical systems often codify
consent well but struggle with timeliness. Engineering systems
deliver assets quickly but must institutionalize voice to avoid
backlash. In both cases, industrialization beats extraction-
only: visible local value-add (training, procurement, partial
refining) reframes projects as national development, not merely

extraction.

A. What “Legitimacy” Means in Practice

A. Procedural legitimacy: people were in the room,
early, with capacity to participate (FPIC/consultation
resourced).

B. Distributive legitimacy: benefits are visible and fair
(revenue sharing, jobs, supplier development).

C. Performative legitimacy: promises show up on time
(milestones, dashboards, audits).

B. Mechanisms That Work

1. Early mapping of stakeholders and institutions
(elected and traditional; formal and informal).

2. Capacity funding for communities so participation is
real (independent advisors, translation, travel).

3. Single public record: one portal with plain-language
summaries, timelines, and responses to submissions.

4. Conditions register published at decision with
named owners and due dates.

5. Community scorecards that track what matters

locally (water, jobs, training, procurement, safety).

6.

Grievance mechanism with SLAs (acknowledge in
<5 days; resolve in <30) and escalation paths.

Tools to Turn Legitimacy into Delivery

Community Benefit Agreement (CBA) with:
revenue-sharing formula, local procurement targets,
training/apprenticeships, SME support, and a joint
monitoring committee.

Industrialization clauses: commit to partial
refining/recycling or service centers in-region, even
if phased.

Transparency covenants: publish quarterly KPI
dashboards (environmental, social, safety, industrial)
and independent assurance annually.

Adaptive management: define what triggers a plan
update (e.g., spec drift, water exceedances, grievance
spikes).

Metrics (Track What You Intend to Deliver)

Local value-add: % spend with local firms; %
workforce local; # apprentices trained and placed.
Timeliness: share of CBA milestones delivered on or
before the date.

Water & environment: compliance rate; time to
close exceedances; offset progress.

Grievances: # received; % closed <30 days; repeat
grievances by category.

Industrial performance: on-spec rate; effective
throughput; unplanned downtime (signals that affect
community stability).

Trust signals: survey pulse (semiannual) on fairness,
responsiveness, and information clarity.

Typical Failure Modes—and How to Avoid Them

“Consult-then-decide” theater. Fix: co-design the
scope and options early; publish how input changed
the plan.

Invisible benefits. Fix: front-load visible wins
(training cohorts, early procurement from local SMEs)
while big assets are built.

Over-promising. Fix: promise less, deliver
predictably; use a conditions register instead of ad-
hoc commitments.

Back-loaded transparency. Fix: publish a dashboard
from day one and keep it even when news is bad;
explain remedies and dates.

How the Two Logics Can Borrow Strength

Juridical systems — speed: adopt parallel review, a
lead agency, and a public clock so communities see
decisions coming and projects do not drift.

Engineering systems — voice: embed capacity
funding, a joint monitoring committee, and third-
party audits so delivery speed travels with legitimacy.
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G. Narrative that Matches Delivery (Style Guide)

e Plain language, no euphemisms. Say “acid spill,” not
“process deviation.”

e Dates and owners. Every promise has a name and a
date.

e  Show, don’t tell. Photos of training cohorts, supplier
fairs, water dashboards, and site safety drills carry
more trust than slogans.

o Acknowledge trade-offs. Explain why one route was
chosen over another; note what is being monitored and
how quickly it can change.

Legitimacy is a system capability—like power or water.
Design it up front, measure it quarterly, and keep it visible. That
is how long-dated, chemistry-heavy assets earn the time they
need to compound into national strength.

X. ILLICIT ECONOMIES: MARKET AND STABILITY RISK

Illegal mining and smuggling are not peripheral—they distort
price signals, corrode institutions, and fund criminal networks.
Juridical systems can under-resource enforcement; engineering
systems may tolerate leakage to protect headline output.
Countermeasures require traceability plus state capacity:
customs, financial intelligence, targeted livelihood alternatives,
and joint operations that dismantle illicit logistics, not only
artisanal pits.

XI. CYBER-PHYSICAL RESILIENCE

Processing plants, concentrators, labs, and terminals are now
cyber-physical targets. Engineering systems concentrate risk in
large, integrated plants; juridical systems disperse risk but often
underinvest in OT security due to regulatory silos. Treat OT,
lab data, and process control as strategic assets: mandate cyber
tabletop exercises, spares strategies for critical instrumentation,
reagent redundancy, and rapid QA/QC recovery protocols.

XII. A POLICY PLAYBOOK FOR SOVEREIGN SPEED

A.  Map and rehearse.

Maintain national inventories not only of deposits but of
process routes, impurity regimes, and people. Run drills for
sanctions, logistics failures, and cyber incidents; pre-identify
contingency offtakes and reagent substitutes.

B. Permitting clocks with endpoints.

Legislate parallel reviews with resource-backed timelines and
clear approve/approve-with-conditions/deny outcomes. Publish
performance dashboards; staff agencies accordingly. Create
pilot permits for first-of-a-kind midstream with enhanced
monitoring.

C. Public-private co-investment in midstream.
Blend concessional loans, guarantees, and advance offtakes to
de-risk refineries and recyclers. Condition support on

community benefit agreements
statutory minimums.

and performance above

D. Bundle enabling infrastructure.

A mine-plus-refinery without grid, water, rail, and ports is not
bankable. Conduct a single strategic assessment that includes
enabling assets, with cost recovery via user fees/availability
payments.

E. Talent and technology diffusion.

Fund process-engineering chairs, operator academies, and
pilot centers for hydromet and recycling; de-risk new
chemistries domestically. Use IP controls judiciously so they
don’t chill joint ventures that accelerate learning.

XIII. CORPORATE STRATEGY: MOVING THE BOARD

In Geopolitical Mining, companies must navigate policy
clocks, midstream chokepoints, and standards—not just ore
and price cycles. That favors two moves at once: concentration
(own the nodes that set specs and cadence) and diversification
(spread exposure across jurisdictions, chemistries, and routes).
The winning portfolios are barbelled: deep control where it
matters, broad options where it protects.

A. Where to Concentrate (and Why)

Control points to own or co-own

A. Conversion/separation lines that set impurity
windows and on-spec cadence (LiOH/Li.COs, Ni/Co
sulfates, REE separation, copper cathode/rod).

B. QA/QC infrastructure (labs, round-robin programs,
data systems) that defend premiums and speed
troubleshooting.

C. Recycling gateways (black mass, copper scrap,
magnet swarf) that stabilize utilization and procure
“above-ground ore.”

D. Standards voice (committee seats, pilot protocols)
that shape assays, sustainability metrics, and
traceability.

Concentration vehicles

e Vertical integration: Mine — Converter/Separator
—  Component (pCAM/CAM, magnet alloy,
rod/wire).

e Anchor JV: Minority or 50/50 with call options,
paired with multi-year offtake and tech-transfer.

e Tolling + step-in rights: Start with tolling capacity;
convert to ownership if ramp hits KPIs.

e Site clustering: Chemical park/industrial district co-
location to lock in shared utilities and vendor density.

Screening filter (4 tests)
1. Specleverage: Does this node control sellability/price
bands?
2. Clock leverage: Can we bring it online before policy
windows close?
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Learning leverage: Do we bank tacit know-how
(operators, SOPs, vendor response)?

Standards leverage: Do we gain a seat where rules
are written?

Where to Diversify (and How)

Diversification axes

Geography: At least two “allied” jurisdictions with
credible permitting clocks.

Chemistry/route: Pair dominant routes (e.g., SX)
with FOAK pilots (e.g., [X/membranes); hold options
in LFP/NMC and NdFeB variants.

Feedstock: Blend primary ore with recycled feed to
hedge cycles and ESG shocks.

Logistics/reagents: Dual-qualified suppliers and
corridors; validated substitutes for critical chemicals.

Instruments

C.

Long-dated offtake baskets across partners/regions
with spec-linked price bands.

Convertible offtake prepayments (option to equity
at ramp) to secure supply without full capex.
Portfolio hedges (commodity/FX) tied to utilization
KPIs so protection aligns with real plant performance.

M&A in a Geopolitical Mining Era

What “good” targets look like

Midstream-ready: permitted sites, utilities secured,
access to reagents, pilot data, operator bench.
Standards-adjacent: accredited labs, traceability
systems, compliant disclosure.
Option-rich: brownfield expandability,
recycling feed, or co-location slots.

nearby

Deal types

Platform acquisition: buy a converter/separator
platform with expansion pads.

Capabilities tuck-in: acquire 1lab/QA-QC/OT teams
or specialty hydromet units.

JVs with public finance: tri-partite structures (policy
bank/DFI + operator + offtaker).

Carve-outs: take midstream units from diversified
conglomerates that lack focus.

Due diligence checklist (beyond the data room)

Spec stability: rolling 6—12 months on-spec history;
penalty trends by impurity.

Clock status: permit conditions, appeals
infrastructure dependencies (power/water/port).
OT resilience: segmentation, backup/restore tests,
spares for analyzers and critical instruments.
Community compact: CBA milestones, grievance
record, upcoming consent gates.
Reagent/logistics: dual qualification,
readiness, corridor redundancies.

risk,

substitute

Integration plan (first 180 days)

KPI alignment: convert budgets to on-spec
shipments, effective throughput, reagent intensity,
not just tonnage.

People first: retain control-room and lab leaders;
codify SOPs into a unified playbook.

Vendor locks: renegotiate service levels; secure
spares and turnaround times.

Transparency: adopt a public KPI dashboard if
supported by incentives or CBAs.

Regulatory pathway

D.

Antitrust & national security: pre-clear with
competition authorities and investment-review bodies;
tie remedies to capacity increases and standards
adherence.

Content/rules-of-origin: model post-deal eligibility
for incentives/market access; align offtakes
accordingly.

Portfolio Anti-Fragility (Operationalized)

Design it in

Barbell structure: deep control at 1-2 chokepoints;
diversified options elsewhere.

Red team drills: quarterly scenario runs (export curb,
port outage, reagent shortage); update buffers and
tolling MOUs.

FOAK-to-Nth playbook: pilot — train 1 — trains 2—
N; capex gates tied to spec/utilization milestones.

Metrics the board should see

On-spec rate (rolling 12-month) and spec drift by
element.

Effective/nameplate throughput.

Reagent redundancy: >2 qualified suppliers + 1
substitute per critical chemical.

Clock position: permits vs. statutory deadlines;
infrastructure critical path status.

Legitimacy signals: CBA on-time delivery %,
grievance closure <30 days.

Revenue mix: share from refined/converted products
vs. concentrate.

Standards footprint: committee seats, accredited
labs, assurance results.

Offtake as Diplomacy (Upgraded)

Structure: 7-10 year offtakes with training seats,
local supplier quotas, and spec-linked bands
(premiums/penalties published).

Conditionality: step-up volumes as plants hit on-
spec/utilization KPIs; include recycling backhaul.
Allies: use offtakes to knit alignment triangles
(operator—host country—buyer) that survive shocks.

Standards Leadership (Practical)
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e Join the committees that matter (battery chemicals,
magnets, copper products, traceability).

e Co-author round-robin programs with national
labs/universities; publish inter-lab variance and
methods.

o Disclose: sustainability metrics, assay methods, and
audit outcomes—this earns price bands and policy
support.

G. Narrative Discipline (Board-Level)

¢ Quarterly community scorecards: revenue sharing
delivered, jobs/training, local procurement, and
infrastructure milestones.

e Plain-language incident reports with remedies and
dates.

e  One-page map: where capacity sits, what clocks are
running, and which standards are in play.

H. Decision Guide: Concentrate vs. Diversify

Concentrate if:
e The node sets specs/cadence, the clock can be met,
and we can secure talent + reagents.
e  Qur seat in standards or lab capacity improves with
scale.
Diversify if:
e Policy windows are uncertain; single-reagent/supplier
exposure >50%; or social license is brittle.
e Chemistry is shifting and a pilot option is more
valuable than big-bang capex.

Treat corporate strategy as system design. Concentrate where
chemistry and clocks confer leverage; diversify where shocks
can derail you. Use M&A, offtakes, and standards to lock in
control—and dashboards, drills, and CBAs to keep that control
legitimate.

XIV. STRATEGIC GEOGRAPHY: AFRICA, LATIN AMERICA, AND
ASIA BEYOND CHINA

Decisive arenas combine geology with institutional flux.
Engineering partners offer turnkey bundles (finance + EPC +
training + offtake). Juridical partners can differentiate with
transparent co-investment, market access via standards, and
credible permitting timelines. Optimal host-country strategy is
portfolio pluralism: multiple partners, multi-node value chains,
and governance that keeps bargaining power domestic.

XV. FROM ORE TO ORDER

“Mining” as a nineteenth-century metaphor—holes and
railcars—is inadequate. The twenty-first-century contest is
Geopolitical Mining: building industrial architecture—

refineries, recyclers, rules, and relationships—able to withstand
shocks and project power. The engineering state sprints; the
juridical state scrutinizes. The prize goes to those who
synchronize speed with legitimacy, chemistry with consent,
and capital with clocks.

The question is not who has the ore, but who can turn it into
order—industrial order (midstream capability), social order
(legitimacy), and geopolitical order (alliances and standards).
That is the game now.

Appendix A — Permitting Clock Template

This template illustrates a parallel-review approach suitable
for large extractive-plus-processing projects. It is designed to
reduce uncertainty, compress latency, and maintain legitimacy
by combining clear time-boxes with transparent checkpoints,
documented remedies, and an appeals process with defined
standing and duration.

Core principles:

o Single counterparty for the proponent: one Lead Agency'

coordinates all others (‘one front door").

e Parallel—not sequential—technical reviews with shared
evidence base and rolling submissions.

o Strict 'completeness check' before the clock starts; limited
'stop-clock’ rules thereafter.

e Consolidated public comment window and a single
coordination meeting for remedies.

e Decision with reasons by a fixed deadline; conditions
register published on day of decision.

e Time-boxed appeals window with defined scope and
standing; decisions enforceable during appeal unless
stayed by a high threshold.

e Ongoing compliance via a public-facing dashboard of
KPIs and audits (adaptive management).

Phase Week | Owner(s) | Key Deliverables /
s Gates
Completeness —4 to | Lead Checklist
Check 0 Agency acceptance; issues
list; data standards
agreed; clock start
date confirmed
Baseline Studies | 0-24 | Proponent | Hydrology/Hydro
(Env/Social/Wat + geo, biodiversity,
er) — Rolling Consultan | heritage,  socio-
ts economic baseline;
QA/QC plan; data
room updates
Early Agency | 0-6 Lead Consolidated
Scoping Agency + | scoping  memo;
All key risks;
Regulator | monitoring  plan
S outline;
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Indigenous
engagement plan Post-Decision KPIs (Public Dashboard)
Parallel 6-24 | Env, Review  memos;
Technical Water, RFIs time-boxed Domain Ilustrative KPI(s)
Reviews Cultural, (<10 business days Environmental Water balance within limits;
Heritage, | to respond); draft discharge compliance
Safety conditions >99%; biodiversity offsets
Regulator on schedule.
S Social CBA milestones met; local
Public Comment | 18— Lead Single portal; hiring %; training slots
Window 22 Agency consolidated filled; grievance resolution
submissions; <30 days.
summary report Safety TRIFR  trend;  critical
Coordination & | 22— Lead Remedy  matrix controls verification rate
Remedies (One | 24 Agency + | (who/what/when); >95%.
Meeting) Proponent | final  conditions Industrial Nameplate vs. effective
reconciled throughput; spec
Decision 26 Decision | Approve / compliance rate;
Deadline Authority | Approve with unscheduled downtime
Conditions / Deny hours.
— with reasons Governance Audit completion on time;
Appeals 27— Appeals Defined condition close-outs; data
Window (Time- | 32 Body standing/scope; transparency score.
Boxed) expedited record;
decision published
Conditions 26+ Lead Public register of Appendix B — Board Playbook Checklist (Sovereign
Register & Agency + | conditions;  KPI Speed)
Monitoring Proponent | dashboard; audit This checklist assigns ownership, cadence, and measurable
+ cadence; grievance outcomes so boards can translate strategy into execution. Use it
Communi | channels as a standing agenda annex; update quarterly.
ty Panel
Area Owner Cadence /| KPIs /
Stop-Clock Rules & Triggers Actions Targets
e Permissible stop-clock events: material deficiencies Map & | Chief Risk | Annual Tabletop
discovered by Lead Agency; force majeure; documented Rehears | Officer sanctions/logistic | held; after-
data errors affecting safety/heritage; mutually agreed e (CRO) + | s/cyber tabletop; | action items
lab/seasonal windows (e.g., biodiversity surveys). COO named incident | closed
e Maximum cumulative stop-clock: 4 weeks, unless commander; 72- | >290%
extended by Decision Authority with published reasons. hour comms | within 60
e RFIs during technical reviews do not stop the clock; protocol days;
responses due within 10 business days unless otherwise RTO<24h /
agreed in writing. RPO<4h for
critical OT
Indigenous Engagement & Community Participation systems
e Recognize FPIC or applicable consent/consultation Midstre | CEO + CFO | At least one co- | Pilot FID
frameworks; co-design engagement plan in scoping am Bets | + SVP | located date; % of
(Weeks 0-0). Projects processing or | volume
e Resource participation  (capacity funding) for recycling  pilot; | processed
communities to review materials and engage experts. blended  finance | domesticall
e Publish plain-language summaries and bilingual explored; reagent | y; ) 22
materials; maintain a public registry of submissions and redundancy plan | qualified
responses. suppliers
per critical
Bundling Enabling Infrastructure : : reagent
e Assess mine + processing + enabling infrastructure Local Chief | Signed ~ CBA; | CBA
(power, water, rail/port, waste) as one strategic package. Value & | Sustainabilit | transparent milestones
e Permit interdependencies explicitly; prevent 'salami- Legitim |y Officer reyepue—sharlng; met; local
slicing' that fragments reviews and invites delay. acy ((.:SO) +GM tralnlpg and h1r.e =X%;
Site supplier grievances
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development closed <30

milestones days;
community
scorecard
published

Cyber— | CIO + OT | Segmented Segmentati
OoT Security networks; offline | on verified;
Resilien | Lead backups;  spare | backup

ce analyzers/sensors | restore test

; quarterly patch | quarterly;

windows  with | CVE patch

rollback SLA <30
days; mean
time to
detect/respo
nd
Governa | Board Chair | Permitting Green/ambe
nce on |+ Strategy | timeline tracked; | r/red status;
Critical | Committee KPIs tied to | variance vs.
Path national  policy | statutory
clocks/communit | clock;

y scorecards escalation
actions
executed

Third- Chief Single-supplier Top-10
Party & | Procurement | exposure review; | supplier
Supply | Officer contractual force | risk
Risk (CPO) majeure heatmap; %
mapping; contracts
logistics corridor | with  dual
audit sourcing;
corridor
contingency
drills
performed
Capital | CFO + | Hedging policy | %  capex
Allocati | Treasurer for gated;
on & price/currency; insurance
Insuranc political risk | coverage
e insurance review; | adequacy;
capex gating | VaR within
aligned to permits | limits
Standar | Legal/Compl | Conformance Independen
ds & | iance + CSO | with applicable | t assurance;
Disclos standards  (e.g., | on-time
ure responsible disclosures;
sourcing); data- | data-room
room readiness; | audits clean
investor comms
plan

Trigger Thresholds (Escalate to Board Chair within 72

hours)

e Permitting variance > 4 weeks vs. clock without approved

stop-clock.

e Loss of single-source reagent supply with <30 days on-

hand inventory.

e Spec compliance < 97% for 2 consecutive months or

unscheduled downtime > 8%

e High-severity OT incident (confirmed lateral movement
or safety-system impact).

e Community protest causing >48 hours shutdown or >3
unresolved high-severity grievances.

Board Agenda Template (Quarterly, 45 minutes)

o 10

Permitting & Infrastructure:

clock status,

variances, escalations.

o 10

Midstream & Recycling portfolio:

FIDs,

commissioning, reagent redundancy.

o 10

Legitimacy: CBA milestones,

grievances,

community scorecard trends.

e 10> — Cyber-OT & Operational risk: incidents, tests,
patch/backup status.

e 5° — Decisions required: approvals, budget shifts,
engagement letters.

Appendix 3 - Core Glossary
Terms are alphabetized for quick reference.

mining risk

Term Definition

Community A formal agreement specifying local

Benefit benefits (revenue sharing, jobs,

Agreement procurement, training) tied to project

(CBA) milestones.

Hydrometallurgy | Aqueous chemistry processing
(leaching, solvent extraction, ion
exchange, precipitation) used to recover
and purify metals.

licit/illegal Unregulated extraction that distorts

markets, harms
communities/environment, and creates
governance/security threats.

Impurity Acceptable  impurity ranges for
window /| intermediates or final products that
Specification determine saleability and pricing.

(spec)

Ion exchange | Selective adsorption/desorption on

(IX) resins to separate or purify dissolved
metals.

Midstream Processing, separation, and conversion
stages between mining and finished
components; where chemistry (not
geology) drives value and leverage.

Offtake A long-term purchase contract that

agreement underwrites revenue and bankability for
a mine or processing plant.

Operational Industrial control systems

Technology (OT) | (DCS/PLC/SCADA) that run plants; a

critical cyber-physical risk surface.

Permitting clock
/ Parallel review

Time-boxed, concurrent regulatory
reviews that lead to
approve/approve-with-conditions/deny
decisions.
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Policy bank /| State-directed finance (loans,
Public guarantees) used to de-risk
co-investment first-of-a-kind refineries/recyclers.

Process learning | Cost/performance improvement

curve

achieved through cumulative scale and
experience in processing plants.

Recycling Recovery of materials from end-of-life

(industrial) products or scrap to feed midstream
processes and reduce primary supply
risk.

Refining vs. | Refining  purifies metals/oxides;

Conversion conversion transforms intermediates
into application-ready chemicals (e.g.,
lithium hydroxide).

Social Licence to | Community acceptance to operate,

Operate (SLO) sustained by trust, transparency, and
shared benefits.

Solvent Selective transfer of metal ions between

extraction (SX) immiscible liquid phases to separate or

purify solutions.

Sovereign speed

A state’s ability to align permits,
finance, infrastructure, and legitimacy
fast enough to lock in supply-chain

position.
Standards / Rules | Technical and trade rules (quality,
of origin sustainability, content) that govern

market access and pricing.

Traceability /
Chain of custody

Documentation and data that verify
origin and processing history across the

supply chain.
Upstream /| Upstream: exploration and mining.
Downstream Downstream: component

manufacturing and end-use products.
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