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AN INCREASINGLY “CRITICAL” TOPIC
Py

| am announcing a 50% TARIFF on Copper, effective August 1,

2025, after receiving a robust NATIONAL SECURITY ASSESSMENT.
Copper is necessary for Semiconductors, Aircraft, Ships,

B

EU Critical Raw Materials Act
EU Competitiveness

Ammunition, Data Centers, Lithium-ion Batteries, Radar Systems,
Missile Defense Systems, and even, Hypersonic Weapons, of which
we are building many. Copper is the second most used material by
the Department of Defense! Why did our foolish (and SLEEPY!)
“Leaders” decimate this important Industry? This 50% TARIFF will
reverse the Biden Administration’s thoughtless behavior, and
stupidity. America will, once again, build a DOMINANT Copper
Industry. THIS IS, AFTER ALL, OUR GOLDEN AGE!

568 ReTruths 2.2k Likes Jul 09, 2025, 8:29 PM
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MATTER IN THE MINERALS RACE

CRITICAL MINERALS FOR THE ENERGY TRANSITION
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Global demand
forecast to
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Cleaner
alternative to
fossil fuels

Li

Lithium

Lithium
Surge in
demand driven
by EV growth

Carbon
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Used to make
synthetic fuels
like methanol
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Nitrogen
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A vital
component
of ammonia,
an energy
transition fuel
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Manganese

Cr

Chromium

in every electric
vehicle

Co

Cobalt

Chromium
Highly important
for Concentrated
Solar Power
(CSP)

Cobalt
A key element
in EV batteries

nearly double by
2038, driven by
wind and solar
growth

Ni

Nickel

Nickel
Large g
are used in
geothermal
plants

Cu

Copper

Platinum
Used in every
hydrogen
fuel cell

Zinc

Used to coat
solar panels
and wind
turbines
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CRITICAL, NOT ONLY FOR THE ENERGY TRANSITION
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Key Minerals in Data Centers

Data centers are facilities that house computer systems, including servers, to store and manage data. Demand for data centers

is rising, especially to support new Al technologies that are computationally intense. Data centers require large amounts of

energy and mineral resources to build, including critical minerals. The U.S. relies on imports from other countries for many of
these minerals. Here are some of the key minerals essential to data centers.

Data centers are energy-intensive.

In addition to minerals required to build v

data centers, mineral resources are als y " \ The USGS tracks over 90

[ mineral commodities in 180
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data centers could consume 1 9
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U.S. electricity

U.S. Department of the Interior USGS Mineral Commodity , 2
U.S. Geological Survey habi et al. 2024, United e sag ; June 2025
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CRITICAL, NOT ONLY FOR THE ENERGY TRANSITION

CRITICAL MINERALS DOD USE EXAMPLE OF DOD SYSTEM

Phased-array radars
Wide-bandgap chips for high-1

Caliihy transmitters and receivers
Electronic warfare systems
Fighter jets
Niobium Superalloys and heat-resistant materials
Hypersonic weapons
Permanent magnets Precision-guided munitiol
Rare Earth I "
Elements Laser targeting systems
Energy amplification and detection
Radar and sonar
High-capacity batteries Uncrewed vehicles
Cobalt
Component in nickel super Jet engines
Armor penetrating projectiles Ammunition
Tungsten
Balance weights Aircraft
rs ] ——
-
Source: CSIS analysis based on information contained in "Materials of CSIS AMERICAS I c gt PR
Interest," Defense Logistics Agency, https://www.dla.mil/Strategic- PROGRAM I I MIT Canler for Energy and
Materials/Materials/. Enironmental Polcy Reseorch



Criticality

Resource criticality

Resource extraction industry

Market cycles = political cycles

Resource nationalism

Definition of critical mineral

* A mineral or element that is essential for
modern technology and cannot be easily
substituted with a different mineral

AND

* There is a risk that the supply of that mineral
could be disrupted.

What makes a critical mineral?

It depends where you are in the supply chain:

* Import dependence risk focus: “...metals and
minerals which are of high economic
importance to a particular industry, sector or
spatial area and are at risk of supply shortage”

VERSUS

* Value capture and investment focus: “...mineral
raw materials that [a state] has in abundance ,
and for which it can use its dominant position in
global supply chains to gain an international

competitive advantage vm | wifs CSZ
IIIII ‘ W g




Definition of critical mineral: US Department of Energy

SHORT TERM 2020-2025
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EU vs. China vs. US

The Critical Minerals to
hina, EU, and
U.S. Security

Governments formulate lists of
critical minerals according to their
industrial requirements and strategic
evaluations of supply risks.

®
EU

China Leads in mineral processing,
controlling 100% of the world's
refined supply of natural graphite,
over 90% of manganese, 70% of
cobalt,nearly 60% of lithium, and
'40% of copper refining.

Molybdenum

Potash

B Uranium

L Sb
Awminum/ Antimony  Cobalt
The European Unionisa. £ bauxite
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coalusedin steel prod Cu 5
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United States

Policy status
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Critical... Strategic... Rare...
Minerals... Metals... What?!

Demand

Permanent magnets for wind turbines require rare earth
CRITICAL metals such as neodymium and dysprosium.
MATERIALS —
o Permanent magnets for electric vehicles require rare [ E—_ Y
Cu earth metals such as neodymium and dysprosium. 1 D ')
res) Batteries for electric vehicles and stationary
3 battery systems typically use lithium,

Nd

Lt e
prree) preeys)

Solar energy technologies use
large amounts of copper and silver.
IN THE ENERGY

TRANSITION The transmission and distribution cables that make
up the electricity grid are composed largely of copper.
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DEMAND MODELLING

Generic approach: 0 e e e e HB

To model the shape of the demand curve and
how it shifts over time, we need to understand

A Decompose Identify Develop models Project Apply models Aggregate back
hOW the use Of meta|S rows across a|| rices. into volume economic and based on economic to projected to identify
9 p
drivers and technical market statistics into statistics to overall market
. . intensity statistics for segment the future develop behavior
TO Shlft the curve pVer tlme’ we assert a QFOWth demand drivers material use forecasts of
rate for volume driver (EV sales) and rate of andiseonomic segment
statistics behavior

change for intensity (nickel per EV) < consider
economic growth and tech. changes.

- 4 Total demand
] /
Combination of top-down and bottom-up § / Revolutionary
analyses % / material growth (e.g.,
= / emerging techs)
 Evolutionary: historical industry economic /
growth rates (by sector and/or region), e.g., P Evolutionary matl’
industrial spending (volume driver) x total nickel = growth (all other
by sector (intenSity) Source: Moore and Roth applications)

* Revolutionary: emerging technology effects,
e.g., vehicle sales (volume driver) x nickel per
vehicle (intensity) #




DEMAND MODELLING - LITHIUM

Volume drivers (and their growth) x Intensity drivers
* Volume driver (e.g., GDP) increases demand
* Rising prices can decrease demand via long-run substitution and dematerialization

Short-Run Demand Curves

Key Battery energy Vehicle weight 80 -0.069
I value lea by OEM ¥ by drivetrain density (Wh/kg) (ke)
I calculation @ by region B by chemistry 70
I output &> by class i by year
GEM Fuel economy = 60
roree (km/kWh) . 3
Initial production to high Li price Vehicle range < 50
(# of vehicles) [ ) (km) 8 -0.077 |-0.001 0.120
£ 40
EV rollout (%) Battery size w
Vehicle class (kwh) S 30
breakdown (%) Lithium intensity

I BEV/PHEV ratio (%) I Production forecast (#
— R -
Battery chemistry Lithium demand (mt) "

market share (%) BEV range share (%)

05 1.0 15 20 25 30 35 40 45 50 55 60 65 70 75
LCE Demand (x10° mt)

Source: Analysis of the impact of automaker strategies on lithium price elasticity using a novel bottom-up demand model,
Resources, Conservation and Recycling, 2025 https://doi.org/10.1016/j.resconrec.2025.108477
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Supply

RISKS OF DELAYED OR MORE EXPENSIVE ENERGY TRANSITION COME FROM THE
AVAILABILITY AND RELIABILITY OF MINERAL SUPPLY

- Scarcity risks: crustal abundance, reserves, mine production, low rate of
M BB [ success from deposit to active mines, declining ore grades, depletion time,
substitutability, recycling rate

Supply chain risks: Upstream vs downstream time and capital lag,
material procurement aspects (industry), logistical bottlenecks, long project
development lead times are not of help (10-15 y)

Availability of -
mineral supply Supply chain risks

Risks of delayed
or more exper_1§ive i . L . i .
energy transition Geographical Greater price volatility for critical minerals, due to high geographical

concentration means : P . . . .
high price volatilty conceqtratlon of both mlr?lng a.nd prpcessmg, which imply economic or
Reliability of GICEEIEERIBEY  geopolitical shocks potentially disrupting markets.

mineral supply

Environmental, social and governance risks.

ESG risks



AVAILABILITY OF MINERAL SUPPLY

Scarcity risks: crustal abundance, reserves, « Supply modelling
mine production, depletion time, substitutability,
recycling rate

Supply chain risks: Upstream vs downstream
time and capital lag, material procurement
aspects (industry), logistical bottlenecks

Supply chain modelling

Downstream

Exploration-Extraction- Separation and Purification Manufacturing
and Beneficiation

Supply

RISKS OF DELAYED OR MORE EXPENSIVE ENERGY TRANSITION COME FROM THE
AVAILABILITY AND RELIABILITY OF MINERAL SUPPLY

- Scarcity risks: crustal abundance, reserves, mine production, low rate of
S ELAE  success from deposit to active mines, declining ore grades, depletion time,

substitutability, recycling rate

e Supply chain risks: Upstream vs downstream time and capital lag,
nﬁ‘;,a;',g?gﬁ;,;’,g L material procurement aspects (industry), logistical bottlenecks, long project
development lead times are not of help (10-15y)

Greater price volatility for critical minerals, due to high geographical
concentration of both mining and processing, which imply economic or
geopolitical shocks potentially disrupting markets.

Risks of delayed

or more expensive
energy transition

Reliability of
mineral supply

ESG risks Environmental, social and governance risks.

25



SUPPLY CHAIN RISKS B  supply chain modeling

The Battery Supply Chain

Lithium-ion battery

MINING REFINERY BATTERY CELL BATTERY PACK END USE
Anode
Cobalt Nickel Cathode
o Separator
CO Nl Electrolyte

27 28 K Electrode Foils
Li Cu RECYCLING
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GEOGRAPHICAL DISTRIBUTION OF RAW MATERIAL PRODUCTION
Copper Lithium Nickel Cobalt Natural graphite  Rare earths

"""" Rest of world
Brazil

= United States

= Myanmar

= Madagascar

= Mozambique

Russia

40% .. = Philippines

® Indonesia

mChina

20% R .Peru
DRC

m Chile

2024 2035 2024 2035 2024 2035 2024 2035 2024 2035 2024 2035 Australia

IEA. CC BY 4.0.




GEOGRAPHICAL DISTRIBUTION OF REFINED MATERIAL PRODUCTION

Cu Li Ni Co Gr REEs Mn PPA

Rest of world
Czech Republic
Belgium
Australia

mViet Nam

m United States
Malaysia
Russia
Argentina
Japan

= Finland
DRC

m Chile

m China

24 35 24 35 24 35 24 35 24 35 24 35 24 30 24 30 m Indonesia

IEA. CC BY 4.0
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RELIABILITY OF MINERAL SUPPLY - MARKET RISKS

The transition to a clean energy system brings new energy trade patterns, countries and
geopolitical considerations into play

Indicative supply chains of oil and gas and selected clean energy technologies

Oil and gas m Refining/midstream Consumption

< £ 0w £02
— —d —d -w
us SaudiArabia  Russia us China Russia us China India
#= - #=
Natural gas — (] ' ’ | ——
N —d - —d
us Russia Iran Russia Qatar Australia us Russia China
Clean technologies m Processing Battery material Battery cell/pack EV deployment
at ‘o
o () Do Do QE QE@
Chile Peru China  Chile China  Korea Japan  China  US  Korea China  US EU

Lithium Q ‘ Polysilicon Solar panel PV installation

Australia Chile China Chile
g . gt
' N LR AN FONUMN X K-
us

Nickel
China Korea Germany China Korea Canada China EV
Indonesia Philippines China Indonesia
% 0 Wind turbine & components Wind installation
Cobalt
Pm N -—
- -~ & o 6 CX XS
-w = W -
Rare earths ‘ China India us Spain  Germany China EU us
China China
IEA. All rights reserved
29 Notes: DRC = Democratic Republic of the Congo; EU = European Union; US = United States; Russia = Russian Federation; China = People's Republic of China. MIT Conler for Energy
Environmental Policy Research

Largest producers and consumers are noted in each case to provide an indication, rather than a complete account.



Supply

RISKS OF DELAYED OR MORE EXPENSIVE ENERGY TRANSITION COME FROM THE
AVAILABILITY AND RELIABILITY OF MINERAL SUPPLY

- Scarcity risks: crustal abundance, reserves, mine production, low rate of
S ELAEN  success from deposit to active mines, declining ore grades, depletion time,

substitutability, recycling rate

Availability of
mineral supply

Supply chain risks: Upstream vs downstream time and capital lag,
SMaeieer  material procurement aspects (industry), logistical bottlenecks, long project
development lead times are not of help (10-15y)

Risks of delayed

or more expensive
energy transition

Geographical Greater price volatility for critical minerals, due to high geographical
cgingcheggggf’vgg;?t;s concen_t_ration of both mining a_nd prpcessing, which imply economic or
GUCEENEIERIBEY  geopolitical shocks potentially disrupting markets.

Environmental, social and governance risks.

Reliability of
mineral supply

35

RELIABILITY OF MINERAL SUPPLY

ESG Risks: Environmental pollution (Mining & Processing) and life
cycle emissions

» Physical disturbances < mine workings (open pits
> underground) and waste tailings and deposits

» Pollution of soil and water < Acid Mine Drainage <
sulfuric acid from the oxidation of sulfide minerals &
toxic substances from processing phases

» Air contamination - Acid rain

+ Changes in the wider geography (e.g. habitat
fragmentation) < supporting infrastructure

36




]
What's yours is mine

RELIABILITY OF MINERAL SUPPLY 20
Mineral deposits
= - O Copper  ©Lithium @ Cobalt
E§G RISKSI human health e Native American reservations
Q:‘;Ol‘.‘i -{__ ';"Oéfb
. o e o
4 OR./:Th%EkeLﬁss _-;_ 1 3 b ¥
* Mining environments emit dust and aerosol particles that aNy, B, o
can mobilize toxic elements 3 &ULF‘_ 1 .
* Miners < contaminated air, dusts and noise pollution & 4‘-'{‘%@;‘_ Il. NG

non-environmental effects such as mining accidents
» Surrounding communities €< potential air, water, soil, and
plant contamination & social and emotional impact

Metal mines

Sources: USGS; MSCI

The Economist
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RELIABILITY OF MINERAL SUPPLY

* Adverse health impacts on surrounding communities

* NIMBYism occurs when communities can recognize the
positive benefits of a development in general, but
oppose the development for the negative impacts it
brings locally.

+ Social License to Operate (SLO) approach: mining
companies see community approval as a prerequisite to
development.

* A NIMBYism approach would dismiss community

concerns as unfounded and unwilling to cooperate, Widespread protests in Serbia cost Rio

whereas a SLO approach would integrate community Tinto in 2022 its Jadar lithium project.
concerns in the design phases of the project to reach an

informal social contract (Komnitsas, 2020).
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RELIABILITY OF MINERAL SUPPLY
ESG Risks: Corruption & Human Rights

« The case of the Democratic
Republic of the Congo (DRC)

* Producing 70% of the world’s cobalt

» Ethnic conflicts, violence, corruption,
and health crises & mineral
abundance (Dutch disease)

* Artisanal mining and child labour

e The <case of nickel
Indonesia

*  Producing 39% of the world’s nickel

e Destruction of rainforests - soil
erosion > flooding & sail
contamination

* Armed confrontations between local
communities and miners

mining in

A general view of artisanal miners working at the Shabara

39 artisanal mine near Kolwezi (DRC)
« Workers LOCAL —  TRADE
« Communities IMPACTS oo 00 @ L4 ([}
oo o0 ® b [ INTER-INDUSTRY
LINKAGES
REGIONAL HEALTH ENVIRONMENT °®
IMPACTS )—— REVENUES
« Cobalt
. Lithum === HETEROGENEITY — RENTS
« Nickel
SOCIAL STRUCTURAL CHANGE
® VS. RESOURCE CURSE
o
Job quality ° * Py
+ Job “ o
multipliers DIRECT VS.
« Back/forward INDIRECT CULTURE
linkages
SMALL VS. LARGE- 11
SCALE MINING EMEECNMEN
LOCAL IMPACTS
ON COMMUNITIES PUBLIC
SERVICES 1 l
HUMAN FORCED
DEVELOPMENT ELGE AT CULTURAL
- A0 HERITAGE
| DISPLACEMENT |
1 1 HEALTH AND LAND, SOIL,
INSTITUTIONAL HDI VS. ARTISANAL EDUCATION AND WATER INDUSTRIAL
QUALITY AND MINERAL SMALL- I B RESOURCES HERITAGE
INCOME EXPORTS SCALE Index
DISTRIBUTION MINING INFRASTRUCTURE
UIREESEE INDIGENOUS
« Democratic RIGHTS
Rep. of Congo
« Chile r |
« New ‘ Health and life Access to Standard of Governments Companies
Caledonia expectancy knowledge living (resource windfall) (CSR)



The Roosevelt Project — with MIT CEEPR
https://ceepr.mit.edu/roosevelt-project/

The Roosevelt Project takes a multidisciplinary
approach to examine the transitional
challenges associated with progress toward a
deeply decarbonized U.S. economy. The
project aims to chart a path forward through the
transition that minimizes worker and community
dislocations and enables at-risk communities
to sustain employment levels by taking
advantage of the economic opportunities
present for regional economic development.

In the third phase, we assess the state of North
American mining and propose best practices
for supporting the mineral demands of the
energy transition.

THANK YOU!

llenia Gaia Romani, ileni
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Revitalizing America’s Critical
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