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Preamble

This draft Tungsten Market Report aims to increase transparency within the tungsten supply chain,
helping public and private stakeholders make more informed investment decisions across the
commodity lifecycle. It outlines current supply chain bottlenecks, resiliency issues, and the market
signals needed to support a more robust and diverse supply base.

S&P Global conducted a bottom-up, asset-level analysis of production costs for tungsten mines and
ammonium paratungstate (APT). These production cost curves provide an independent view of
supply economics and identify the marginal supplier in a structurally tight market. The analysis
focuses on a resilient supply base outside dominant market positions and restricted supply sources.

This analysis reflects a multi-year effort combining bottom-up asset modelling, proprietary market
intelligence, extensive research, expert assumptions, and industry consultation to overcome
significant data limitations across the opaque mineral value chain.

The market values in this report represent a fundamentals-based assessment of the cost and break-
even range required for tungsten production sources to remain economically viable and meet
sufficient G7+Australia demand. This enhanced cost transparency can facilitate better-informed
offtake agreements and investments throughout the supply chain. However, actual transactions also
factor in inventory levels, broader market conditions, global trade dynamics, and other variables not
included in this analysis.

These values are different to the spot market price assessments published by Platts, part of S&P
Global Energy (link).

Given the limited availability of public data, this report is based on S&P Global’s proprietary market
and mineral intelligence and our analysis of company disclosures, and market information. We
welcome input’ from market participants to support the ongoing refinement of future editions.

Contacts:

Critical Minerals Consulting
CERACriticalMinerals@spglobal.com

1. S&P Global would like to acknowledge and thank Rovjok for their feedback and contribution.
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Key Takeaways

» S&P Global estimates that a 2028 structural cost of $36-40/kg tungsten oxide (WO,)' would
sustain the tungsten supply chain through ammonium paratungstate (APT) refining and support
at least eleven resilient? current and future mine projects. This structural cost will likely differ
from spot-market traded prices.

» Relative to pre-export restriction prices of $33/kg, unlocking all announced supply by 2028
would entail ~$1.2 billion in capital investment and additional 2028 spending of $90-210 million,
covering 2028 G7+ Australian demand.

» Tungsten demand is expected to grow 10% between 2026 and 2030. In 2025, resilient mining
capacity covered ~37% of demand. While eleven announced mining projects could theoretically
reduce the 2030 supply gap to 16 thousand metric tons (kt). This represents an unrisked
projection subject to normal industry attrition from financing and permitting delays.

| Introduction

Tungsten is a specialty and strategic metal, whose properties Tungsten’s Properties
make it well suited to industrial and defense applications. Its top
tier hardness has cemented tungsten’s position as a high value

component of military armor and munitions. Density:

China’s control of supply alongside tungsten’s military importance 19.3 g/cm?
have placed it at the center of active trade and geopolitical
disputes. China introduced export controls on tungsten products
in February 2025 and expanded these measures with a Japan-
specific export ban in January 2026, reinforcing restrictions on
dual-use materials. Tungsten APT cost, insurance, and freight (CIF)
prices have more than quadrupled since the start of the year, from

$83/kg WO, in January to $340/kg WO, in July 2026.

Beginning on January 1,2027, US defense procurement rules will Melting Point:
prohibit defense contractors from sourcing tungsten metal 3,422 °C

powder and heavy alloys from China and other designated

countries, boosting demand for traceable resilient supply. Highest melting point

China holds about half of reported global tungsten ore reserves of all metals
but accounts for approximately ~80% of current mine production.

More diversified supply is beginning to emerge, led by Sangdong in
South Korea and the Hemerdon restart in the UK. However, much

of this future supply is exposed to execution risk, making
commissioning timelines uncertain despite government support

and offtake agreements. @

Amongst the densest
elements (top 10%)

Hardness:
8-9 Mohs Scale

Further downstream, APT is the standard intermediate product.

China accounts for ~85% of APT production. Secondary tungsten Just below diamonds
recovery also plays a vital role, supplying approximately 35% of and higher than steel
global demand.

1. Tungsten trioxide, WO, is the standard unit used to express tungsten content and volumes; 2. Resilient supply is defined as excluding assets located in Russia, China,
and North Korea, as well as any assets worldwide that are majority-owned by Chinese companies.

Sources: S&P Global Analysis with supporting data from Project Blue and USGS, Tungsten APT CIF price is from LSEG.
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|Tungsten demand

Tungsten’s properties make it essential for cutting,

drilling, and wear-resistant applications. Cemented Uses of Tungsten

carbides (hard composite materials used in tools and 2% w Others _
industrial components) account for nearly two-thirds of 1 Lightbulbs, electrical-
demand, linking consumption to manufacturing, mining, u discharge machining

and construction. Mill products, steels, and alloys
support additional uses in industrial equipment,
aerospace, and energy.

Chemicals
Catalysts, inorganic

. L pigments, and high-
Defense and semiconductor applications consume

_ e temperature
smaller volumes but contribute to tungsten’s criticality. lubricants
Its density and heat resistance support munitions and
missile components, and its low electrical resistivity Steel & Alloys

enables semiconductorinterconnects. high-speed steels,
~ tool steels, and heat-

/wear-resistant alloys

Global first use demand reached approximately 162 kt
WO; in 2025 and is projected to grow by ~2% per year,
reaching 180 kt WO, by 2030 and 202 kt WO, by 2035.
Cemented carbides are expected to drive most of the
increase as manufacturing, mining, and construction
raise demand for cutting tools, drill bits, and wear-
resistant components. Aerospace, defense, and
semiconductors provide smaller but strategically
important sources of demand.

Mill products

__) Wire, rod, sheet/
electrodes for
lighting, welding, etc.

-0

Cemented carbides
Wear-resistant hard
metals for cutting &
wear partsin
metalworking, mining,
construction & oil-
and-gas drilling

Tungsten global demand (2025) - 162 kt WO,

-

China accounts for half of global consumption,
reflecting the scale of its manufacturing and tungsten-
processing industries.

Substitution remains difficult in cemented carbides
and high-performance applications, but is more
feasible in some mill products, steels, and alloys, where
alternative carbides, molybdenum, and titanium can

be used.

Tungsten first-use demand outlook 2028 - 2035

kt WO,

China is a major exporter
" of semifinished and

2025 Demand

31 31 finished tungsten
25 - _— products, which may not
_ fully capture end use
Us Other ROW! China 2028 2030 2035 demand for other regions
G7+Australia World World World

Bl Cemented carbides [l Mill products [l Steel & alloys Chemicals Others

1. Rest of World
Sources: Demand volumes are S&P Global Analysis based on Project Blue data — Project Blue data was used for global, regional and sectoral demand split
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|Tungsten supply

China accounts for 79% of global tungsten mining capacity and 85%
of APT refining capacity. Resilient refining capacity’? of ~42 kt WO,
exceeds current operating mine production, creating structural 6% ROW
dependence on imported refined products and recycled material. °

China's refining sector also relies on imported feedstock, importing 20% G7 + .
~30%: of its total concentrate. China’s mining share has declined by Australia
~6% between 2016 and 2025 and is expected to continue falling due £ 10

to declining ore grades and production quotas.

Market Structure (2025)

As a result, resilient refiners increasingly rely on scrap, which is
estimated to account for ~60% of total resilient output. While
recycling diversifies supply beyond mined concentrate, quality scrap
can be difficult to secure and faces growing competition from China.

Part of the primary concentrate is either retained within vertically

integrated operations or secured through offtake agreements, such

as Almonty’s 21-year commitment of 90% of its Sangdong Phase 1 79%
production to GTP. Therefore, open market availability is smaller

than nameplate capacity implies.

85% China

By 2030, eleven projects could add nearly 20 kt WO, of resilient mine
production capacity, increasing total resilient mine capacity to ~34
kt WO;. On top of the 34 kt WO, additional announced capacity of
~20 kt*is stalled by economic or permitting challenges.

Within refining, four projects could add up to 27 kt WO, of resilient
APT capacity by 2030, increasing total resilient APT capacity to o
approximately 70 kt WO3. Most announced refining projects are Mining APT

integrated with new mines and are intended to secure feedstock refining
while expanding downstream processing capacity.

Potential resilient tungsten supply’

kt WO, Feedstock APT capacity?
80 (Mining) 80 70
60 60
40 | <2 34 40 Bl

,,,,,,, — .

20| | . 20

0 0

July 2026 2027 2028 2029  Total 2026 2027 2030 Total 2030

2026 2030

ROW Portugal South Korea [ Spain [ United Kingdom [l United States [l Vietnam
The supply chart represents potential risked supply pipeline based on company
announcements

1. Resilient supply is defined as excluding assets located in Russia, China, and North Korea, as well as any assets worldwide that are majority-owned by Chinese
companies; 2. Refineries may process both primary feedstock and recycled material (scrap); 3. S&P Global Trade Analytics and China Tungsten Industry Association,
Ministry of Natural Resources of the PRC; 4. The 20 kt is not included on the supply potential chart.

Sources: S&P Global, USGS (Tungsten 2026 Commodity Summary), CSIS, Recycling volumes were based on Project Blue data
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| Supply-demand balance

Supply-demand balance beyond dominant market!

@® Demand beyond dominant market23

kt WO, * In 2026, with the recent delivery of four
G7+ demand? announced projects, available resilient
50 Feedstock P mine production totals 22 kt
° WOj,enough to cover G7+Australia
@ demand but ~21 kt WO, below total
40 o demand beyond the dominant market?.
» By 2028, if all announced projects are
delivered and ramp up as planned, the

30 addition of ~13 kt WO, from seven
proposed projects reduces that gap to
~12 kt WOs,.

20 = By 2030, with no further mine additions
and continuous demand growth, the
gap between resilient APT capacity and

10 demand gradually grows to ~16 kt WO;.

0

2025 2026 2027 2028 2029 2030

&

Recent market events

»* Almonty commenced processing operations at the Sangdong Mine in South Korea in July 2026,
expected to produce ~2.3 kt of tungsten concentrate under Phase I. Almonty has expanded its
offtake agreement with Global Tungsten & Powders from 15 to 21years [Platts, July 2026].

» EQ Resources approved a A$39 million expansion of its Australian Mt Carbine mine and acquired
six nearby exploration permits, supporting growth across its Australian and Spanish operations.
EQ targets 1.6 kt and 1.75 kt from their Spanish and Autralian mines [Platts, June 2026].

» Tungsten West began phased commissioning of the Hemerdon mine in the UK in July 2026, with
full commissioning expected in Q12027.The mine has a projected production of 3.32 kt of
contained WO, [Platts, July 2026].

» The US Export-Import Bank (EXIM) issued Tungsten West a non-binding letter of interest for up to
$95 million to support the Hemerdon restart [Platts, August 2025].

* The $1.1 billion Northern Katpar and Upper Kairakty projects in Kazakhstan received a US EXIM
letter of interest for up to $900 million, supporting development of a major new resilient tungsten
source [Platts, November 2025].

1. The supply analysis excludes assets located in Russia, China, and North Korea, as well as any assets worldwide that are majority-owned by Chinese companies; 2.
Demand beyond dominant market comprises global demand excluding China; 3. Demand is first use and net of recycling.

Sources: S&P Global Analysis for proposed projects; S&P Global Analysis based on Project Blue data for demand and recycling.
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| APT structural cost

2028 APT resilient primary' production structural cost curve

B Labor
¥ Energy

I Reagents Other
Mining Ops M APT Refining charge

Operational margin
CapEx

Operating mines as of July 2026 Proposed future mine capacity

CapEx (operational facilities)

] USA Demand beyond  Structural Cost: Represents
100 a7+ A‘:.Stéaga net gf dominantmarket, the full cost required for an
recycling deman net of recycling hieve i r
S 80 21kt Portugal 4B Kt asset to ac _e e its target
. ' ' return on investment,
2 Australia . .
2 60 ; assuming projects are
2 South Korea - developed in line with
> 40 Vietnam ; Spain ; announced timelines and
5 s UK = i operate at capacity. This cost
N 20 | . | — i . .
I . = | __ [ |l — : considers an unrisked
e e | e [ | projection subject to normal
5 10 15 20 25 30 35 50 industry attrition and delays.

WO, production (kt WO,)

0
0
IS

Structural cost - Findings

» S&P Global CERA estimates that a structural
cost range of between $36/kg and $40/kg for
APT in 2028 would support over 85%, or 30 kt
WO,, of current and future announced projects.

= Relative to pre-export restriction prices of
$33/kg, these structural cost ranges would
result in approximately $90-210 million in
additional spending in 2028.

» By 2028, an aggregate capital investment of $
1.2 billion will be required to unlock all
announced supply which exceeds G7+ Australia
demand.

» Tungsten mine structural costs in 2028 are
expected to have a wide range, from ~$15/kg to
~$75/kg WO;. Differences in cost are mostly
driven by chemicals and explosives use and
labor costs, as well as ore grade, scale, by-
product credits, mine age, and location.

» Beyond cost of capital, mining operations are
the largest cost driver, reflecting the cost of
drilling, blasting, stoping and other mine-site
activities, followed by APT refining charges.

= APT refining conversion costs, are
comparatively narrow, typically ranging from
~$6.3-10.3/kg WO,2.

Structural cost - Approach

» Reflects Market Complexity: Built on
extensive research and bottom-up
modelling, incorporating asset-level data,
industry consultation, benchmarking, and
expert assumptions to navigate a highly
opaque supply chain.

» Targets the Marginal Supplier: The 80th-90th
percentile identifies the highest-cost
producers. Long-term commodity prices
naturally gravitate toward the cost of the
last unit needed to meet demand. This
percentile filters out extreme outliers while
capturing the true marginal cost.

* Incentivizes Supply Resiliency : This analysis
establishes a long-term structural
benchmark-not a short-term forecast -
capturing the full asset economics.

» Use of Marginal Producers: The methodology
anchors on the mining cost curve's marginal
producer, adding a processing conversion
cost range ($6.5-11.0/kg WO,) to complete
the structural profile.

Note: The analysis excludes assets located in Russia, China, and North Korea, as well as any assets worldwide that are majority-owned by Chinese companies.

1. Primary production excludes scrap and demand volumes shown are net of recycling 2. Excluding feedstock costs
Sources: S&P Global, Tungsten demand was based on S&P Global analysis of Project Blue data
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Challenge of cost components and
methodological approach

[exeje)

{ilil

Mining &
Concentration

OpEx %

Mining &
Concentration HR%)
CapEx -

Refining %

Mining operations: Includes all other asset-level mining costs not
captured within the other cost categories listed below, such as
stoping, backfill, explosives, contingency,and consumables.

Labor: Labor costs are estimated by combining the number of full-time
equivalent employees (FTEs), regional processing/refining wage rates,
and a regional multiplier to account for additional mining and refining
labor costs. FTE requirements are estimated using an S-curve
relationship between plant capacity and workforce size, calibrated
with available industry data.

Energy: Includes fuel, power, and utility costs estimated from asset
archetypes and adjusted for country-specific energy prices. Power
costs are based on archetype electricity consumption and local
wholesale electricity prices.

Reagents: Reagent costs are estimated using asset archetype reagent
costs and adjusted for regional differences in reagent prices.

Operational margin: A10% operational margin is applied to facility
OpEXx costs to represent facility-level profitability. This adjustment
shifts the curve from a cost basis to a price-like basis.

Capital Expenditure: Includes levelized initial CapEXx, allocated to each
facility and recovered over a 20-year project life using a 7% discount
rate to reflect the time value of money, as well as sustaining CapEx
representing ongoing investments required to maintain operations
and productive capacity, estimated as a percentage of initial CapEx.

APT Refining charge: The refining charge represents the cost of
converting tungsten concentrate into APT. It includes operating costs
(e.g., labor, power, and reagents), capital costs, and an allowance for
facility profitability. Charges are estimated at the asset level and
aggregated into a capacity-weighted average.

Structural cost variability is based on the range of total refining costs observed across facilities,
reflecting differences in plant maturity, scale, sunk capital, and location-specific cost
advantages. The low-end of the range $36/kg WO, derived from modeling that applies
conversion costs of ~$7/kg WO, added to the marginal mining supplier cost of $29/kg WO,
representing large-scale, modern assets in low-cost refining jurisdictions. The upper-end,
$48/kg WO, reflects higher-cost operations with less favorable cost structures. Values are
preliminary and will be refined through further S&P Global analysis, data review, industry
consultation and stakeholder review.
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Tungsten flowsheet
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Disclaimer

S&P Global Energy (“SPGE”) is a business division of S&P Global Inc. This document (“Materials”), including all data and
information in it is the copyrighted property of SPGE and represents data, research, opinions, or viewpoints of SPGE.
The Materials speak to their original publication date only. The Materials’ contents are from sources considered by
SPGE (in its professional opinion) to be reliable, but SPGE does not assume responsibility for the accuracy or
completeness thereof, nor is their accuracy or completeness or the opinions and analyses based upon them
warranted. The Materials should not be construed or regarded as a recommendation of any specific price assessment
or benchmark. Forecasts are inherently uncertain because of events or combinations of events that cannot reasonably
be foreseen including the actions of government, individuals, third parties and competitors.

To the extent permitted by law, SPGE shall not be liable for any errors or omissions or any loss, damage, or expense
incurred by reliance on the Materials or any statement contained therein, or resulting from any omission. THE
MATERIALS ARE PROVIDED “AS IS” AND TO THE MAXIMUM EXTENT ALLOWED BY LAW, NEITHER SPGE, ITS AFFILIATES
NOR ANY THIRD-PARTY PROVIDERS MAKES ANY REPRESENTATION, WARRANTY, CONDITION, OR UNDERTAKING,
WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, RELATING TO THE MATERIALS OR THE RESULTS
OBTAINED IN USING THEM; INCLUDING: A) ITS MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE; OR B)
ITS CONTINUITY, ACCURACY, TIMELINESS OR COMPLETENESS. The Materials are supplied without obligation and on
the understanding that any recipient who acts upon the Materials or otherwise changes its position in reliance thereon
does so entirely at its own risk.

The Materials should not be construed as financial, investment, legal, or tax advice or any advice regarding a
recipient’s corporate or legal structure, assets or, liabilities, financial capital or debt structure, current or potential
credit rating or advice directed at improving a recipient’s creditworthiness nor should they be regarded as an offer,
recommendation, or as a solicitation of an offer to buy, sell or otherwise deal in any investment or securities or make
any other investment decisions. The Materials should not be relied on by any recipient in making any investment or
other decision and should not in any way serve as a substitute for other enquiries or procedures which may be
appropriate. The Materials should not be used as the basis of or input for any ESG rating, score, opinion, or evaluation.
The Materials should not be reproduced or made available to any other person without SPGE’s prior written consent.
Recipient may not use the Materials to transmit, undertake or encourage any unauthorised investment advice or
financial promotions, or to generate any advice, recommendations, guidance, publications or alerts made available to
its own customers or any other third-parties. Nothing in the Materials constitutes a solicitation by SPGE or its
Affiliates of the purchase or sale of any loans, securities or investments. SPGE personnel are not providing legal advice
or acting in the capacity of lawyers under any jurisdiction in the publication or delivery of the Materials. SPGE is not a
registered lobbyist and cannot advocate on anyone’s behalf to government officials regarding specific policies. The
Materials contain the results of SPGE’s independent research and analysis and are intended for general informational
purposes only. The Materials are not intended, and may not be used, to promote, directly or indirectly, the supply or
use of any product or business interest, including, but not limited to, the benefits of any product, business, or business
activity for protecting or restoring the environment or mitigating the causes or effects of climate change. No data or
opinions contained in the Materials constitutes a representation to the public with respect to the benefits of any
product, business or business activity, and should not be relied on as a recommendation for any specific action to be
taken.

SPGE owns all rights, title, and interest in and to the Materials. The SPGE name(s) and logo(s) and their related
trademarks appearing in the Materials are the property of S&P Global Inc. or their respective owners.
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