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CONSUMPTION KEEPS GOING
World Population & Energy Demand Growth
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()
Global primary c¢nergy consumption by source SDlLe
Primary energy is based on the substitution method and measured in terawatt-hours.
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TYPES OF NON-CARBON TO
AUGMENT ENERGY GENERATION
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COPPER AS ENERGY

COPPER USAGE INTENSITY (PER MW CREATED)
Conventional Wind & Solar Off-shore W|nd
e 4 | "
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THE HYBRID & ELECTRIC VEHICLES

REQUIRE MORE COPPER, COBALT, GRAPHITE, LITHIUM

Canada's Suncor CEO sees electric vehicles disrupting oil
demand as much as coronavirus, June 2, 2020

The shift to electric vehicles and other low-carbon technolc
could disrupt crude oil demand on a similar scale to tr e
coronavirus pandemic, Suncor Energy's chief execu \

_ 20kg =>5X |




THE CRITICAL ROLE OF COPPER IN Al DATA CENTERS

ORND . L it North American Data Center
TR 777 — Infrastructure Size 2020-2040pP
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EVOLUTION OF COPPER CONSUMPTION IN A 2°C SCENARIO: IMPACT OF THE TRANSPORT MOBILITY

SHIFT
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THE VOLUME OF 2050 NET-ZERO

COPPER DEMAND
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TRANSITION TO
ELECTRIC VEHICLES
REQUIRES MINING....
A LOT OF MINING!
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* To transition just the ICE vehicle fleet to electric in North America (400 Million

vehicles) over the next 30 years will require 200,000,000,000,000 Pounds in

mined materials (100 Billion tons) +....Europe...China.....India......and then there’s
the Green Energy & Al......way more than we have mined in human history!....



CAN RECYCLING GET US THERE?
NO!
THE COPPER EXAMPLE

> We already re-cycle about 80% of the copper in use =

NOT A SOLUTION!

~ =2 We should recycle more....incentives and
research

NOT BY 2050!



CRITICAL METALS:
WHAT ARE THEY AND WHY ARE THEY CRITICAL?

‘USGS SCIENCE ~ PRODUCTS NEWS  CONNECT  ABOUT
NN N




2022 Critical Mineral

Atomic Number

Symbol

Name
Chemical Group Block
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Source: United

July 2022

The 2022 US Nst of critical minerals

used in almast all sectors of the economy

used in bead-acid batteries and flame retandants

used in semi-conductars

used in bydrocarbon production

used as an alloying agent in aemspace and defense indu

used in medical and atomic research

used in catalytic corverters, ceramic, gla..:.rneuli.l'q-, an
polishing compounds

used in research and development

used primarily in stainless steel and other alioys

used in rechargeabls battedes and supsralioys

used in permanent magnets, data siorage devices, and

used in fiber optics, optical amplifiers, bsers, and glass
colomnts

used in phosphors and nucear control rods

used in the: manufacture of alumirum, cement, steel, gasali

and fluorine chemicals

used in medical imaging, permanent magrets, and
steeimaking

wsed for lubricants, batbenes, and fud cells

used for nudiear control rods, alioys, and high-temperature

CEFATICT

used in permanent magn ets, nucear control rods, 2nd laser

used in liquid orystal display screens

used as coating of anodes for electochemical processes arx
a chemical catalyst

used b produce o x, ceramars, gls, palishing
compounds, metallungy, 2nd batteries

used for rechargeable batteries

used in scintillators for medicsl maging, electronics,
cancer therapies

States Geological Survey.

used 2 an alloy and for reduding metals

usesd in steedmaking and batteries

in permanent magrets, ubber catalysts, and in
mt-:hc.i and industrial lasers :

used to make stainless steel, superalloys, and
rechargeable batberies

used masthy in steel and superlloys
used in catabytic converters and as a catalyst agent

usesd in catabgtic converters

weed in F-:-rrmrr:ntrnaqhnﬂl. batteries, acraspace
alloys, oeramics, and colorznts

usexd in catabytic converters, electrical components,
and 25 2 catalyst

e for res=arch and dewelopment in electronics

used a5 catalysts, as well as electrical contacts and chip
resistors in computers

usesd in permnanent magriets, as an absorber in nudear
reactors, and i cancer treatmends

e for adl-:lp, ceramics, and fuel cells

used in elecironic components, mosthy capacitors and
in superalioys

wesd in sofar cells, thermoelesctnc devices, and as
alloying additee

ﬁj_iﬂf:n;l‘:{:;tmag nets, fiber optics, lasers, and
usesd in various metal alloys and in lsers

used a3 probective coatings and alloys for steel

used a5 & white pigment or metal alloys

primariby used bo make wear-resistant metals

primarity used as slloying agent for inon and stes]
usesd fior :.:ta},!t scintillometers, lasers, and
metallurgy

used for cemmic, catahysts, ke, rnetadl.l'l:r, ard
phesphars

COPPER AND SILVER

Mined for Primary Metal
Mined as By-Product Metal
Mined as Co-Product Metal

€ Mined as Co-Product - Platinum Group Metals
Rare Earth Metals
=» Many Critical metals are mined as By/Co-Products
=» We need Smelters/Hydrometallurgical facilities!

=» Mining & Refining + Research for new technologies



WHAT MAKES THEM “CRITICAL"?

me critical?
Air Act - 1970
n Water Act -

50 years of Anti-
mining movement
=» Permitting Challenges

'L 1&: changed recently?
1,3 the rush now?

PLAY CHAPTERS BONUS SUBTITLES Auplo  What'sCURLIER FEIRCLLIY &4 y



GLOBAL POLITICS....THESE GUYS!

Meeting in Kazan, Russia
last week




SANCTIONS PLACED ON RUSSIA BY GOVERNMENTS AROUND THE WORLD l

EU

Targeting 70% of the Russian
banking market'

-
W

Ex%t]:_lrt ban on equipment and
technology for energy sector

Freezing assets of Vladimir
Putin's inner circle

CANADA

Sanctions against 58 individuals
Y/ and entities

, Export permits for goods in

SOUTH KOREA

Will join international sanctions but
won't consider unilateral sanctions

aeros;]:lace and mining are
|~ cance ed
]
—
——
USA = UK
Blocking Russia's technology Asset freezes on all major Russian
and defence imports banks including against VTB
Sanctions on Russian banks and Prohibit all major Russian
'corrupt billionaires’

1 B ™ . ¥ -~

companies from raising funds in City

JAPAN

Measures targeting exports of
semiconductors

Asset freezes placed on financial
institutions

} Suspension of visas for Russian
individuals

TAIWAN

Government will 'harshly
scrutinise’ exports to Russia

Will 'coordinate closely with US
and other like-minded countries'

——
-
- I.D
3
Y g

AUSTRALIA

Sanctions on 25 individuals and four
financial institutions

T\ Tarageting entities invalved in develanina

\ ¥ x “qp | NEW ZEALAND

i imposing travel bans

Prohibiting export of goods to
the Russian military

Cutting trade with Russia and




Il Original members New members

>

‘ P In 2024, the member countries have expanded to 10 countries.
) The five new countries that have joined are Egypt, Ethiopia, Iran, Saudi Arabia and the United Arab Emirates.

Over 40 countries, including Turkey, Argentina, Algeria, Boliviq,
Indonesia, _, Cuba, Democratic Republic of Congo, Comoros, Gabon, and Kazakhstan have
expressed interest in joining the forum, according to 2023 summit chair in South Africa.



We See the Dedollarisation of Global Trade as an Underappreciated
Dynamic, and an Accelerating One

Share of RMB in China's Foreign-Related BRICS+
Receipt/Payment of Bank on Behalf of Client B Bic B i caribens
B Applied for membership W Expressed interest in joining

B officially invited to join

s P2 CETPE

— Payment

L T Y T R B T S e B S _

F F FFFFFEFEESES

Powered by Bing
& Australian Buseaw of Statistics, GeoMames, Miceosoft, Navinkn, Open Places, OpenStreetiMap, TomTom, Tendin

China’s trade pivot to emerging markets has been accompanied The mBridge ledger system has been proposed as the trade
by increased use of the RMB for tradina settlement platform for an expanded BRICs bloc

BMO Capital Markets Source: SAFE, PBoC, CEIC, BMO Capital Markets




WHAT ARE WE
DOING ABOUT
ITe

Critical Minerals the
U.S. Needs China For _

China'S Share Of U-S. Imports in metric tons

Yttrium

Rare Earths compounds and metals

G o

Bismuth

Antimon

Arsenic

Germanium

Gallium

B hiid P
53 /0 3 2’@ 1

Barite

i P % e o

Graphite natural

Tungsten

China's share of U.S. imports is based on average imports over 2018 to 2021. @
Source: U.S. Geological Survey, Mineral Commodity Summaries, January 2023, 21.




TRIP Steel
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Ni/Cr
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Also see other sulphide |
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For Eol Products
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metal content

Cu/Ni Sn
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Hydro& Py
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SPECIALTY/CRITICAL = BY-PRODUCTS
What metals do we mine?

Economically viable destinations of complex EolL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy's Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility etc.

Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
in Eol also determines destination as also the metallurgical conditions in flowsheet).

|

Compounds mainly to dust, slime, speiss (mainly hydrometallu

Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
appropriate metallurgical infrastructure if economical.

Mainly to benign lower value building material products
Relatively lower value but inevitable part of society and materials processing. A sink for metals
and loss from the CE system as oxides/ compounds. Dissipative losses.

\ Mainly recovered element
u Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
B ! With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
" in Eol product report to slag / slag also intermediate product for cement etc.).

e Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost,

Why no Uranium?



SPECIALTY/CRITICAL = BY-PRODUCTS
Cobalt

Economically viable destinations of complex EolL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy's Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility etc.

. Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
‘::i:f@;id Metal Wheel ! Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
p ' Ll { o i | i inati Iso th llurgical itions i .
o | o ﬁli/Cr For EoL Products { in EoL also determines destination as also the metallurgical conditions in flowsheet)
%,

Also see steel segment for| (1o Stainless ocessing Compounds mainly to dust, slime, speiss (mainly hydrometallu

other non-alloying minors 8 i Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
Also see other sulphide | {3 appropriate metallurgical infrastructure if economical.

segments for 5" Ag Hydro-
other
minors

Mainly to benign lower value building material products
: _ Relatively lower value but inevitable part of society and materials processing. A sink for metals
metal content ‘ [ i\ - | e and loss from the CE system as oxides/ compounds. Dissipative losses.

CU}'Ni Sn i - “ Mainly recovered element

Smelt/Refine Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

. . Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
\ B | With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
in Eol product report to slag / slag also intermediate product for cement etc.).

o Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost,




o
85% of Cobalt
Refined in China

65% of World Cobalt Production




a byproduct of
More than 80% of the che

located in China, which after Glencore, is also the
the DRC.

Roskil says a core driver of BMW’s direct to mine strategy has been to
minimise exposure to DRC cobalt production and also to increase control,
transparency and auditability of its cobalt supply.

Another reason BMW is looking outside central Africa is that much of the
DRC’s cobalt is already tied up by China.

BMW — ETHICAL SOURCING OF COB

i

ALT
Fd

Responsible Cobalt Initiative

Fair Cobalt Alliance
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$6OO billion P : j et " Kuito Planned expansion

Investment (PGl) initiatiy

infrastructure gap. Since Dec |
U.S. investments totaling more than $1.5 billion i 1 : ‘ _
Lobito Corridor for transportation, digital access, o \.\ F.- S g

gricultural and clean energy infrastructure projects... “*'?5; 2 Mo e j’/ g
200 k== MAMIBIA e —— e e ; ‘—'\_SDU_I:E!.E! Angolan M:l_1|5tr1,r of Tra n[sguF?
Where are the ESG Principles for investing?

Where will the copper and cobalt concentrates be processed (smelted) into Cu&Co metal?

https:/ /www.whitehouse.gov /briefing-room /statements-releases /2023 /12 /1 3 /fact-sheet-accelerating-the-u-s-africa-partnership-after-the-
2022-u-s-africa-leaders-summit /



SPECIALTY/CRITICAL = BY-PRODUCTS
Scandium

Economically viable destinations of complex Eol designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure

Extractive Metallurgy’s Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility etc.

n ( Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
TRIP Steel Metal Wheel B Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
Austenitic - f ; . i ; i ; o 5
\ : | Iso th ] I L
ifCI' For Eol Products { in Eol also determines destination as also the metallurgical conditions in flowsheet)

- L y - [ETTTNTTTTTTI . . . .
Also see steel segment for| [ Stainless Pro of metals j Compounds mainly to dust, slime, speiss (mainly hydrometallu
other non-alloying minors Steel

Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
Also see other sulphide | y Zn g ) f ; F..1 1 appropriate metallurgical infrastructure if economical.
segments for (o, v As . _

other RLE/Fume L ErgY Mainly to benign lower value building material products

to capture Relatively lower value but inevitable part of society and materials processing. A sink for metals

minors - - Pb S o J : c mate
! U B Smelt metal content , S — | . and loss from the CE system as oxides/ compounds. Dissipative losses.
m Q@ W O
>

.y Mainly recovered element
u Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
B | With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
in Eol product report to slag / slag also intermediate product for cement etc.).

Mainly element lost, not always compatible with carrier metal or product
Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.

Red Mud

53




RECOVERING
SCANDIUM FROM
WASTE PRODUCT

® Scandium occurs in the waste product of aluminum s,
processing — referred to as Red Muds [ e

®* A new source of the Scandium-Aluminum alloy will create a
market's “Pull Demand” and grow the appetite for the
product.

15 - 20 ppm

®* This development will stimulate new product and R&D
activities related to scandium in the province

® The Rio Tinto's announcement is an important sign of support
" ,.-,.el ation alummnume oA
Collaborati e Agreement on Critical Metal Deve
provide incentives to the Governments to support the
development of the sector.

BEey

* Scandium Oxide is priced at ~$5000/kg. Redl-us- -

already been mined and milled so just the extraction costs apply o @,
produce scandium oxide. lo lnto

However, need Low-cost energy




Also see steel segment for : Stainless
other non-alloying minors -
Also see other sulphude |
segments for |
other
minors

TRIP Steel
Austenitic

Steel (BOFEEAF)

Metal Wheel

For EDL Products

nix

metals

metal content

Cu/Ni

>
=

< Smelt/Refine
. e

Sn

Smelt/Refine

SPECIALTY/CRITICAL = BY-PRODUCTS
Indium

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy's Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility etc.

Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
in Eol also determines destination as also the metallurgical conditions in flowsheet).

Compounds mainly to dust, slime, speiss (mainly hydrometallu
Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in

appropriate metallurgical infrastructure if economical.

Mainly to benign lower value building material products
Relatively lower value but inevitable part of society and materials processing. A sink for metals
and loss from the CE system as oxides/ compounds. Dissipative losses.

', Mainly recovered element
U Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

_Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
B ! With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
“ in Eol product report to slag / slag also intermediate product for cement etc.).

o Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.

Research Opportunity



@ $680/kg = ~$5 Billion
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TRIP Steel
Austenitic

i/Cr

Stainless
P

Also see other sulphide |
segments for o) AE
other

minors

Zn

RLE/Fume

Steel (BOF&EAF)

Metal Wheel

For Eol Products

> energy

Bugry to capture

metal*ontent

Sn

Smelt/Refine

SPECIALTY/CRITICAL = BY-PRODUCTS
henium-Germanium-Gallium

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy's Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility etc.

Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
in Eol also determines destination as also the metallurgical conditions in flowsheet).

|

Compounds mainly to dust, slime, speiss (mainly hydrometallu
Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in

appropriate metallurgical infrastructure if economical.

Mainly to benign lower value building material products
Relatively lower value but inevitable part of society and materials processing. A sink for metals
and loss from the CE system as oxides/ compounds. Dissipative losses.

) Mainly recovered element
u Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

_Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
B ! With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
" in Eol product report to slag / slag also intermediate product for cement etc.).

G Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.

to home in Alaska and the US



GERMANIUM, RHENIUM, AND GALLIUM AS
BY-PRODUCT METALS

not take place at i

ne in NW Alaska produces

d S )
REDDOGMINE 'W-ﬁ,”_'*}-“ = . y $2,200/kg) as a Lbf/ oroduct
by 1 G A {‘ b ,w : ,xai ¢ B -
A BTN M “" . =Pthe US produces no Gallium — China 90%
: 4 i » lar F‘Clll'/ ,99iﬂ :.)3 D )¢ ofe e from ZinC OreS,

Bauxite and Coal... iu'm @ US$7500/kg
and consumption of Ga is expected to grow
10X by 2032 Let’s figure it out!

®* Don t have a good handle on

reserves/resource i
=>» Sierrita Copper mine in Arizona produces”

Rhenium but does not report either a resource
or reserve for Rhenium (US$2,844 /kg)



BRINGING IT BACK HOME TO ALASKA

Legend
State land

® REE + Yttrium
Platinum-Group Elements
Chromium

V¥ Cobalt
Tantalum

% Niobium

A Graphite

m Tungsten

Antimony

AKDGGS

h'r'rps://dggs.aIaskq.gov/enerig):/downlc;qd/core-cm/05-mas'rerman-core-cm-obiec’rives-qnd-overview.pdf
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MINERALS ARE CRITICAL A@e-
e TO K RENEWABLE FUTURE @Q@,

Ak AND AN Alaska holds untapped resources ,Q”

Home Visit About Learn Services GetInvolved

Renewable energy, next-gen battery and fuel cells, and ultra-strong,

Home / Programs / Energy and Minerals / Mining and Minerals / About Mining and Minerals / Alaska ultra!lght materials all depend on mineral resources

Determining what the nation has and the feasibility of responsibly
extracting It are starting points for securing the minerals we need now
to build a renewable future

B L M AI as ka M in i n g a n d M in era I S Alaska's vast mineral resources may help decrease national reliance on

imports while protecting the Earth under some of the most stringent
environmental laws in the world

Alaska Critical Mineral Locations

— <{>Mines (O Mining Prospects - Rare Earth Element Occurre~_.cs

Red Dog Mine is one of the ' - N, Ambler Mining District contains
world’s largest zinc mines : =% large copper-cobalt deposits, as
and also produces much;of well as other valuable mineral
the state’s silver. deposits.
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Alaska is the second most

. gold-producing state in the

; U.S., with 5 major mines and a
ANCHORAGE [+ number of smaller placer mines.
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ps://www.blm.gov/programs/energy-and-minerals/mining-and-minerals/about/alaska

Biden administration makes final decision

.

7 - Pebble @ — 2
rejecting Ambler Access Project in Alaska e N —
A BLM record of decision made formal the rejection announced in April, and the e TN el ﬁ

~ N 3¢ . v 8

<

agency also backs continued ban on development for 28 million acres T e e SR
BY: YERETHROSEN - JUNE 28, 2024 1:14PM @ o @ AlaSka Rare Ea:th Elements (REE)

- Lanthanum . Holmium ‘

. Cerium . Erbium N o - P Bokan Mountain Prospect

: is Alaska's most significant Rare
. Gadolinium . Ytterbium N\ 5" Earth Element prospect and lies
. ) i 37 south of Ketchikan on Prince

. Dysprosium . Yitrium o of Wales Island.
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Alaska Minerals in Electric Vehicles

Audio system  Control system UV cutglass Glass & mirror Fuel additives
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Cerium i Silver Silver i Cerium Lanthanum
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Alaska Minerals in Mobile Devices Alaska Minerals in Renewable Energy
: Copper in wires and cables also plays a central role High capacity generators
Vibrator e, e i \ carrying the electrical current from renewable for wind, hydropower, tidal,
Dysprosium i energy systems to where it needs to go — whether biomass, and geothermal
that's to a battery, fuel cell or the electrical grid. Dysprosium
. Cobalt \me=eemneneeee Industrial alloys
( ) c :
;= Solar panels L E::;";ﬂum
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SPECIALTY/CRITICAL = BY-PRODUCTS

Lead-Zinc

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy’s Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility ete.

Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Valuable elements recovered from these or (dissipative} lost (metallic, speiss, compounds, alloy
in Eol also determines destination as also the metallurgical conditions in flowsheet).

Compounds mainly to dust, slime, speiss (mainly hydrometallu
Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
appropriate metallurgical infrastructure if economical.

Mainly to benign lower value building material products
Relatively lower value but inevitable part of society and materials processing. A sink for metals
and loss from the CE system as oxides/ compounds. Dissipative losses.

1\ Mainly recovered element
“ Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

_ Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
\ B | With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
) 7 in Eol product report to slag / slag also intermediate product for cement etc.).

o Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.




SPECIALTY/CRITICAL = BY-PRODUCTS
Copper-Nickel

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy’s Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility ete.

( Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Metal Wheel "’d”;t'“ dtmt g Valuable elements recovered from these or (dissipative) lost (metallic, speiss, compounds, alloy
_— am 1 5 i " 5 i T i

g | ' in Eol also determines destination as also the metallurgical conditions in flowsheet).
Li N —

metallurgy

Compounds mainly to dust, slime, speiss (mainly hydrometallu
s Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
Also see other sulphide | e CS RE 4 f y \ B | appropriate metallurgical infrastructure if economical.
4 A . Hydro- \ \ 3
5:5‘": " ' - MIXes -> energy metallurgy e ~ go) Mainly to benign lower value building material products
mlnore : ; : RE \ : . . { Relatively lower value but inevitable part of society and materials processing. A sink for metals
meta “ontent - o B \ and loss from the CE system as oxides/ compounds. Dissipative losses.

anre.., ~fine smelt/Refine Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

CI.I/Ni Sn - = "/ ' Mainly recovered element

_ Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
\ B | With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
) 7 in Eol product report to slag / slag also intermediate product for cement etc.).

o Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.




SPECIALTY/CRITICAL = BY-PRODUCTS
Tin-Tungsten

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing
infrastructure (each segment) to produce refined metal, compounds
and alloys in best available technology

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy’s Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility ete.

( Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Metal Wheel "V“"I't""‘ “"* : Valuable elements recovered from these or (dissipative} lost (metallic, speiss, compounds, alloy
_— am 5 i " 5 i T i

in Eol also determines destination as also the metallurgical conditions in flowsheet).

Compounds mainly to dust, slime, speiss (mainly hydrometallu
Steal

g mi . & residues Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
Also see other sulphide | ‘ s , ; f \ appropriate metallurgical infrastructure if economical.
segments for | A, Zn ) ' \ :
L0 : \ 5 - g \ — f b e " 5 YT -
i Te | ALE/fume RES 2 e s Mainly to benign lower value building material products

minors : ; Pb . : y : [ . . { Relatively lower value but inevitable part of society and materials processing. A sink for metals

" Smalt metal conte=* and loss from the CE system as oxides/ compounds. Dissipative losses.

Cu/Ni Sn

. 1\ Mainly recovered element
smelt/Refine / f | “ Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
B | With possible functionality, not detrimental to Carrier Metal or product (if refractory metals
7 in Eol product report to slag / slag also intermediate product for cement etc.).

o Mainly element lost, not always compatible with carrier metal or product

Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.
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SPECIALTY/CRITICAL = BY-PRODUCTS

Uranium-REE

infra

Economically viable destinations of complex EoL designed functional
material combinations, scrap, residues etc. to metallurgical processing

structure (each segment) to produce refined metal, compounds
and alloys in best available technology

TRIP Steel
Austenitic

L) . : i/Cr
Also see steel segment for : Stainless
other non-alloying minors Stel

Also see other sulphide |

segments for [ AE As Zn
other \

minors : . Pb o captt [ . | :
w U B Smelt metal content i [ ; . -
o © W ~Cu/Ni  Sn 1O ~
f:" Ga e : ‘-‘_ﬂ____-smluneﬂn! Smelt/Refine - _ “

Circular Economy’s carrier metals processing infrastructure
Extractive Metallurgy’s Backbone, the enablers of a Circular Economy (CE) as it also recovers
technology elements used e.g. in renewable energy infrastructure, loT, eMobility ete.

Dissolves mainly in carrier metal if metallic (mainly pyrometallurgy)
Valuable elements recovered from these or (dissipative} lost (metallic, speiss, compounds, alloy
in Eol also determines destination as also the metallurgical conditions in flowsheet).

Compounds mainly to dust, slime, speiss (mainly hydrometallu

Collector of valuable minor elements as oxides/sulphates/chlorides etc. and mainly recovered in
appropriate metallurgical infrastructure if economical.

Mainly to benign lower value building material products
Relatively lower value but inevitable part of society and materials processing. A sink for metals
and loss from the CE system as oxides/ compounds. Dissipative losses.

Mainly recovered element
Compatible with Carrier Metal as alloying Element or can be recovered in subsequent Processing.

Mainly element in alloy/compound, lost if in incorrect stream/scrap/module
With possible functionality, not detrimental to Carrier Metal or product (if refractory metals

7 in Eol product report to slag / slag also intermediate product for cement etc.).

Mainly element lost, not always compatible with carrier metal or product
Detrimental to properties and cannot be economically recovered e.g. Au dissolved in steel or
aluminium will be lost.




CRITICAL METALS:
HOW CAN ALASKA MAKE A DIFFERENCE?

» Be like Iceland!
» Iceland is one of the highest ESG-rated countries in the world

» Iceland is @ major producer of Aluminum and yet they possess no
Aluminum ore (Bauxite) — sourced from South America and Africa

» How2 = Low-cost Power — Hydro/Geothermal
» Be ~_ Solution™

» Build a Hydro/Geothermal or Coal with Carbon Capture technology to power
hydrometallurgical facility in the Aleutians or elsewhere in Alaskal

" ~ Clean Cheap Power

i h Power is key to be competitive processing raw materials

A

Alaska could mine the raw materials and add value by producing/processing
O metals in Alaska — especially Critical Metals
WOULDN’T GOOD JOBS, CHEAP POWER, AND A BETTER FUTURE BE WHAT WE
WANT FOR OUR FUTURE GENERATIONS?









2020 Critical Raw Materials (new as compared to 2017 in bold)

Antimony Hafnium Phosphorus
Baryte Heavy Rare Earth Elements Scandium
1 Beryllium Light Rare Earth Elements Silicon metal

Bismuth Indium Tantalum
Borate Magnesium Tungsten
Cobalt Natural Graphite Vanadium
Coking Coal Natural Rubber Bauxite
Fluorspar Niobium Lithium
Gallium Platinum Group Metals Titanium
Germanium Phosphate rock Strontium

Finland : Russia
Germanium 51% " il Pal1adiume 405

J|

France
Hafnium 4%

Norway
Silicon metal 30%‘ -
’ ’ ( Economic importance (El) EI = ) (As s * Qs) x SIE
. China

Indium 28% 'ﬁerman

g "‘ 4 Baryte 38% — 5 £ .
United States ' spain " AN ! ' Bismuth i3l Substitution index (SIEl) SIEI = ) ) SCPi,a a * Subsharei,a *
Beryllium® 88% Strontium 100% Kazakhstan . Magnesium 93%

MNatural graphite 47%
Morocco | Phosphorus 71% Scanmu?ﬂgp ,E,' .:,,:' Share
Phosphate rock 24% Turkey : Titanium* !
I g:‘:imun',r gﬁ:: , Tungsten*
Guinea ates Vanadium® .
Mexico Bauxite 64% =y LREEs Tl Supply risk (SR)

255,
Fluorspar 25%: HREEs

nnf_‘ N, - Sl SR = [(HHIWGI,t) GS - IR 2 + (HHIWGIt) EUsourcing (1 — JR
Folom 385 indonesia 2)]- (1 — EoLRIR) - SIS

Tantalum 36% Natural rubber 31%
Brazil
Nigkium BS%}

South Africa .
: Iridium* 92° Australia Importance Reliance

Chile - Coking Coal 24%

HEhium 78% ; EI;E%':;“EB? Import Reliance (IR) = Import — Export Domestic
| uthenium® 93%: ¥ g
- production + Import — Expor
3 * ghare of global production
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