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LiB Mining expansions
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Clean Energy Roadmap

C®IRE
oot ool dercwcio Brangy X

Clean Energy Transition - Macro Level .

 Macro Trend #1: Renewables getting cheaper sl
* |IRENA Moved Renewable 2050 goal posts profoundly

* Macro-Trend #2: The Electrification of Everything| *~ Hﬁ

Fossil fuel cost range

Levelized Cost Of Renewable Energy $/kWh
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* The Big Disconnect: Critical Mineral Mining \é‘f & T / N 2018 Roacm
Demands and Mining Development Timelines | | _
Levelized Cost of Energy (LCE) calculations do not account Source: IRENA https://www.irena.org/

* Periodic Tables greatest strain is forecast on Copper, Silver,  forintermittent renewables. Actual costs proving higher in

regions with higher variable renewable penetration rates.

Uranium, Hf Zr, REEs (responsible REE mining ramp, REE’s
not a Known Reserves problem) and LiB metals.

* Today’s big critical mineral expansion plan is an inflationary
plan.

* Critical Minerals: PGM'’s are now deemed critical,
but not silver.

* Global Emissions Control Failure In Progress:
e Global emissions will continue to climb. Period.

* Western countries bending their emissions curve, but so
what.

* Emissions are following Asian GDP growth in route to a 10.1
billion global population.

* Asia emissions and coal consumption are key.

and World Energy Transitions Outlook: 1.50C Pathway (irena.org)

and World Energy Transitions Outlook 1-5C Pathway 2022 edition (irena.org)

Supply Chain Disconnect
End Consumer Demand Vs. Mine Supply

> MINING INDUSTRY =

EE\/"-
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Regulators and manufacturers are way ahead of mining and the
front end of the supply chain.

Mining Investment Market Shift:
In the past 3y years, we have seen Tesla, VW, Ford, GM and others shifting
investment into mining & mineral (intermediate) processing.
Trend is towards Vertical Integration moving towards buying your own
mines, but how much capital do they have vs. need? Not enough!




Coming Soon: Global Power Grid ‘ Ag
2x today with increased loadings of Cu, Steel, and Al . ' >
Clean Energy Roadmap ‘

Critical Metals: Base Case Vs. High Case Long-Term Demand o

Base Case Demand High Case Demand
EV/Powertrain Mix Base Case Powertrain Mix Zero Emission Vehicle Mandates
Achievable with focused investment Likely not achievable with ESG timelines
Energy Storage LiB 50% of IRENA Goal (2.2TW) 100% of IRENA Goal (4.4TW)
Solar PV 100% of IRENA Roadmap Goal (14TW) 100% of IRENA Roadmap Goal (28TW)
Updated from 7 TW to 14 TW Updated from 14 TW to 28 TW
Wind 50% of IRENA Roadmap Goal (4TW) 100% of IRENA Roadmap Goal (8.1TW)
Fuel Cell Vehicles 9M/year (5.5% of 2050 mix) 18M/year (11% of 2050 mix)
% A% Clean H, / Electrolyzers 50% of H, Council Goal (300 GW) 100% of H, Council Goal (600 GW)
o (75 GW PEM) (150 GW PEM)
Ammonia
NH Ammonia 2x Today’s Market by 2050 6X Today’s Market by 2050
n‘ Nuclear ~1,850 add’l reactors by 2050 ($14T) ~2,650 reactors by 2050 (522T)
=) (25% baseline of a 3x larger grid) (25% baseline of a 4x larger grid)




Millions

LDV Vehicle Sales

Long-Term Critical Metals Forecast

Projected Light Duty Vehicle Powertrain Mix
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/~ 2050 Powertrain Mix
FCEV 8.5M or 5.5% Mix
BEV 50M or 37% Mix
Hybrid + PHEV 64.5M or 41% Mix
Diesel 5.4M or 3.4% Mix

Gasoline 29M or 18% Mix

Base Case

14

12

[y
o

S dlfmA3joML

Millions

LDV Vehcile Sales

140
120
100
-.....I

 millttHAHAtEEn
40 ||||
20

i O 0 O N <& W 00 O N <& O 0 O

SEEEEEEEEEEEE

/2050 Powertrain Mix

| FCEV 8.5M or 5.5% Mix

BEV 130M or 83% Mix

[ Hybrid + PHEV 18.1M or 11.5% Mix
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Long-Term Critical Metals Forecast

Critical Mineral Resource Requirements 2021 thru 2050 - Extended

200% Base Case Mineral Resource Demand ] 200% High / Zero Emissions Case Mineral Demand
O % of Global Reserves Needed ExPIoratlon O % of Global Reserves Needed
@ % Inferred Resources Needed & Discovery @ % Inferred Resources Needed
() .
150% Pendlng 150%
(Lowest Grades)
100% 100%
Est. $3.5-54.0 Est. $1.0
% Inferred Global trillion USD to ;Sl.IST
50% _ _ o . H ] evelop
Resources 50% | develop 12x Li > PGS -
(Lower Ore Grades) —
100% L = — |_| 100% —E—D—E T 5 S N s E—Q—E
% Kno labal
50% Reserves 50% | || || || SRINE IR NN
|:| |:| (Economical to|extract tbday) |:|
o (WL HHHEHWEHNAnmmns LR lonpns
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(G‘Q 4®Q
LiB Metals Elec Critical H, Econ RREs | Nuclear LiB Metals Elec Critical H, Econ RREs Nuclear

Base Case: Base Case Powertrain + 50% IRENA Renewables + 50% High Case: Zero Emission Powertrain + 100% IRENA

H, Council FCEV’s & Green H, Renewables + H, Council FCEV’s & Green H,




Exploitation of mineral resources gives rise to a variety of environmental and social Iea ; ; ;:lii : ; ' :: i i
implications that must be carefully managed to ensure reliable supplies e

International b=
E A
Macro Level Trends Selected environmental and social challenges related to energy transition minerals eray Aasnsy
-
) can be a significant source of amissions as demand rises

« Changing pattems of demand and types of resource targeded for development pose upward pressure
* Mining brings major changes in land cover that can have adverse impacts on biodiversity
Land use o Changes in land use can result in the displacement of communities and the loss of habdats that are home
to endangered speces
Environment * Mining and mineral processing require large volumes of waler for their operations and pose contamination
Water risks through acid mine drainage, wastewater discharge and the dispesal of tailings
management e« Water scarcity is a major barmer to the development of mineral resources: around haf of giobal lithium and
copper production are concentraled in areas of high wator stress
« Declining ore quality can lead to 8 major increase in mining waste (e.g. tallings, waste rocks); tailings dam
Waste fallure can cause large-scale environmantal disasters {e.g. Brumadinho dam collapse in Brazil)
~* Mining and mineral processing generate hazardous waste (e.g. heavy metals. radiocactive material)

* Mineral ravenues in resource-rich countries hava not always been used 1o ooonomlc-\dmmi
POANOo - mz:ﬁ Figure 1.15 Lead times for mining of selected minerals Iea

* Workers face poor lobal avers International
Heaith and chemicals ) b 9, SHT0tY Energy Agency
Social safety o Workers at artisand Discovery, exploration to feasbility Foasibillty to production Ramg-up time

access 1o safety eq

* Mineral explodation 125 a4
Human rights {e.g. children have

_» Changes in the con

Environment is a Challenge

3 6 9 12 16 8 21 Years

HOW MANY MINES
DO WE NEED?

S it =)
Wiscses
Pkl L]
Copper ]

2 4 6 8 10 Years
IEA. CCBY 4.0
Note: Lead time averages are based on the top 35 mining projects that came online between 2010 and 2019
Sources: |[EA analysis based on S&P Global (2020), S&P Global (2019), Fraser et al. (2021), Heljlen et al. (2021)

Average observed load time for selected minerals (from feasility 1o production)

WV i
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This is why a market analyst with a
30-year view is needed, because
mining timelines have grown so long.

il

Exploration takes the most time in bringing new mines into operation, while construction
and ramping up production to full capacity typically take almost a decade.

|
i

Energy Technology Perspectives 2023 (windows.net)
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https://iea.blob.core.windows.net/assets/d1ec36e9-fb41-466b-b265-45b0e7a4af36/EnergyTechnologyPerspectives2023.pdf




ICE Emission Control Systems & PGMs

WLPT/RDE & Tighter Emission Standards Loading Impact

Also: Hybrid & PHEV loadings are +5% to +10%

Loadings higher than ICE. Frequent cold starts create emissions transients

ANGLO requiring PGM’s to countermeasure to meet WLPT/RDE test requirements.
AMERICAN

AUTO PGM DEMAND SUPPORTED BY HIGHER LOADINGS

Typical historic and forecast 3E light duty PGM loadings'® LDV Gas PGM Ioadings: Pd:Pt:Rh

Light duty gasoline vehicles
*1 Impact of Euro 6 and sinmWar Spread of RDE testing Impact of Euro 7 and simiiasr e | ; o/
':q emissions leglslation ermssions legisiation o
P—

o between 2019 and 2030 due 1o tighter emissions legislation
R i in China and Europe

o - oo o LDV Diesel PGM loadings: Pt:Pd:Rh

Light duty diesel vehicles
‘ ~10%
between 2019 and 2030 from already high levels

2014 2019 2025 2030
Heavy duty diesel vehicles . .
| Pt Gina adopts China HDV Diesel PGM loadings: Pt:Pd
@ / 0
2014 2019 2025 2030

between 2019 and 2025 as China and India adopt
tougher emissions standards



ICE Vehicle Market

LDV Vehicles Sales: Bloomberg’s View

Post Pandemic LDV vehicle
sales volumes (all
powertrains) ... collapse >20%.

2026: Hope to once again
match those 2017 sales again
by 2026. Decade long slump

Losing 2-years worth of auto
demand in the course of 1
decade.

The World Hit 'Peak’ Gas-Powered Vehicle Sales in 2017
EVs make up a greater share of global vehicle sales, a trend that's expected
to continue

B Internal combustion W Hybrid W Plug-in hybrid Electric

~165M yehicle unit lost sales

|

2015 16 17 18 19 20 21

Source: BloombergNEF
Data from BNEF Long-Term Electric Vehicle Outlook 2023 Bloomberg Green

2023 Global Gas-Powered Vehicle Sales Have Fallen 23% Since 2017 Peak



https://news.bloomberglaw.com/environment-and-energy/global-gas-powered-vehicle-sales-have-fallen-23-since-2017-peak

ICE Vehicle Market

Auto Catalyst PGM’s — Market Price Trend & Outlook

Palladium Prices for the Last 5 Years

Platinum Prices for the Last 5 Years

Outlook
ﬁt\ Hydrogen Economy Demand \

ensures higher pricing long-term

= FCEV Pt Loading far greater than AutoCatalyst
today.

= Diverse Pt demand — Chemical, Electrical,
ElectroChem, Petrol, Glass Production, Medical,
Auto, Advanced Pharma, etc.

= |CE Auto Catalyst Pt—>Pd design swap nearing

Kcompletion. Almost time to back to Pd for cost. /

\/  Weak Auto Demand and growing
surplus from expanding AutoCat recycle
supply & Pd rich PGM mining

= Short-term: Post COVID car sales slump never
fully recovered. Increased ICE sales would push
short-term pricing higher.

= |ong-term: Post 2030 significant surplus
accumulation will drive price way down.

k Alternative Pd demands needed.

/

6 Weak Auto Demand and growing surplh
from expanding AutoCat recycle supply

= Short-term: Post COVID car sales slump never fully
recovered. Increased ICE sales would push short-
term pricing higher.

= Long-term: Post 2030 significant surplus
accumulation will drive price down. More diverse Rh

Kdemand when Rh < $1,000 /

11



2023/24 Market Events

The Dramatic Rise and Fall in Palladium and Rhodium Basket Prices

PGM Basket TAM (Total Available Market) Billions USD$

& PGM 6E Basket Price TAM = Total Available Market Revenue
80 4,000 = i
S EEPlatinum — — 54, BasTkeit IA;;/e Arlmt\J/aII Price
* Tota olume
Bl Iridium B Ruthenium ElOsmium ) ‘upp y !
(S Billions USD)
$70 Total PGMs TAM ($B's)  —PGM Basket Price $3,500
59.16
$60 > $3,000
2 —]
"3_ 32*5?2-3%0dium
v $50 $47.54 $2,500 o
(%]
§ $22.4| $2,220. a
£ $40 938, $2,000 $1,152/Toz PGM
g s = 6E basket price.
$10.0
. D
s 530 Palladium 7500
o $0.99
$20 524.4 $1.6651,000
$21.2 $21.2 $4.5
812.7 $13.0
$10 L 2L $500
Platinu
$7.2 $7.1 $6.1 59.0 $7.5 $7.4 $7.0
S- $0
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2023/24 Market Events

The PGM Mining Industry: is slowly removing highest cost mines
45% to 50% PGM Mines Underwater in AISC

Global PGM Cost Curve

2.500 Qf

2,000

1500
6E PGM
$1,152/toz

"~
o
e
x
a
2

Primary supply: cost curve

2,250 i
4E Production 1 e ; j
3000 4 8 Total Cash Cost B All-in Sustalnieg Costs B
Westem Limb. _ Eastem Limb  Northem Limb  Zimbabwe  North Amenca ’ " k2
SFA Oxford 1980 &
A ‘ ? 2
- . :
1500 4 ¢ * “ 5
5 « B p g & T EE
50 & % - s £ i ¥ 5 ¥ 3 g &
T 3 2 4 § 24 1 EN § E 6E PGM
A f K ‘ﬁ '_ﬁ‘ = %
1,000 £ 3 : k | $1,152/to
» - iadd - _
750 £ - Spot platinum price ($928/01)
500
250
0
e = g 2 2 2
Souree, Matils Foous Cumulative Platinum Production « Market Share (%)
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2023/24 Market Events
Sibanye-Stillwater Montana Cutting Mine Production 50%
PGM Industry wide expect -8% mine supply in 2025
Platinum Mined Supply (koz)

8,000
[JSouth Africa EmRussia C_North America C_JZimbabwe EmOthers —Recycle
7,000 _
6.000 I 1 Bong 2025: -15%
’ I 0 H f from peak

ph
5,000 i ' IFIIIII. i
4,000 ii I I |

3,000 i iiiii
2,000 i i ‘/.\ ’,—'— ’.\./n\
!/\\ ™ 4" " N
’/ U/
’/
T . 1,000 /
Two unidentified miners hand drill for ore at a ____.-—‘
Sibanye Stillwater Montana mine. T
O 0 O N < O 0 O N T O 0O AN & OO AN < O 0 O N L LWL WL LWL
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The Palladium & Rhodium Challenge
The PGM basket increasingly out of balance

] Pd\

o Platinum RS .-] Rhod

Pl
Metals OS. r P |
= Csmium | | Yidiors | Fatnum |




Palladium Surplus Market Coming

What PGM’s Are We Mining?
Platinum Group Metals - Versus - Palladium Group Metals

PGM primary supply - Platinum NORTHAM
v 2023 PGM Mine Supply By Region
8,000 ' e R~ 9,000 oPt OPd ERh alr ORu
8,000 PGM Minor Metals
Ru .
6,000 7,000 ] Lower Cost O_pExf VYIth shallower
, Rh or open pit mining. Faster
6,000 development & timeline to
production
Pd
4,000 5,000
4,000
[—]
2,000 . : : , 3,000
2000 2010 2020 2030 5040 Pd
Dramatic S. African PGM Mine supply reductions coming our way, right when we need 2,000 Pt Pd
maximum H, Economy Support from Platinum + Iridium + Ruthenium.
R
1,000 Pd Pd Pd Pt
Electricity Production Outlook as Coal Fire Plants reach EOL 0 Pt Pt Pt = Pt
5o Capacity reductions as Eskom's coal - fired units reach the end of
their life (or turbine dead stop dates) RE—— South Russia North Zimbabwe Others Western & All Other
Wnetalied capacity - - ?‘5‘;;2‘1:2 g:ué‘:v by Africa America Ela.stet:n IVI'I’GM
4w [GW] |ll ’ : . . im ining
s ekt Platinum Palladium ]
II||l||m|||ll|ll' i"""l orissorrsedre G G PGM Greenfield
|I " e .
*1K m:wtmmé:;.b...ka WD roup roup Projects Through 2030
as wel ulncfuﬂngulo Metals Metals

: ',unullm m“li"i““”lhl

lﬂl}l[\ 4
Hh

Sourco. CSIR.lEskom. Dlivas
1

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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ICE Emission Control Systems & PGMs

2023: -35% Auto Catalyst Recycle Market: Are We Witnessing A Shifting ICE Age? Yes

ICE Auto Catalyst PGM Demand (koz)

16.000 Long-Range Forecast ﬂCE tollvinas e\
’ M Pt Auto Catalyst Demand ICE EOL|Vintage 20-yeacrs in futlure
M Pd Auto Catalyst Demand Today in AutoCat AutotatRecycle
14,000 Recycle
B Rh Auto Catalyst Demand
12,000 (ICE EO% Vintagd r 1 i
20-years ago /| r N
) AutpCat I
_-; 10,000 Recycle s .
c
©
uE) 8,000 KW\
a — i Message: Greater volume
S 6,000 and higher mix of Pd coming
e ' back from 1.44 billion ICE on
4,000 the road yet to go to scrap.
) O O AN N 0 «=H | < N O mn © O N N 0O =W < N O o O O
0 00 O O O O O O = = - = &N &N &N OO " N T T
O 0O O O OO O O O o O o O O O ©O O Ol ©o O o o
2003 ICE EOL @ 16-17yrs. 2023 ICE EOL @ 20yrs. 2043 ICE EOL @ est.22-23yrs.
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Updated Model
) ) 1. Slower return rate
Palladium Surplus Market Coming 2 Macroeconomic slowdown

Increasing Pd AutoCat Recycle Adds To Future Pd Oversupply

O Palladium pushing from structural deficit to structural surplus without new demand source(s).

Palladium Auto Catalyst Gross Demand vs Pd Recycle Palladium Long-Term Supply Outlook [

Palladium Autocatalyst Demand Palladium Supply Changing Landscape (Koz supply)

and Recycle Historical/Forecast (koz) 18,000 What if by 2050 we have 13-15 year
mined supply above ground.

\"2)

12,000
@ Palladium Auto Catalyst @ Palladium recycle
16,000

10,000 € >
Today: ICH~20-year 14,000

20-years ago: expected ugéful lifetime
8,000 ICE ~16-year useful

lifetime (\b cy
2
L
6,000 S
43 bapwe
& . ric
4200 W / 6,000
[
o’ .
2,000 e ‘ ‘ 4,000 Russia
2,000 .
o ull " | i S. [Afric
~
o
~

~ <
o
8 1990 2000 2010 2019 2025 2030 2035 2040 2045 2050

P-4

Ox

2001 =

=

-
=
=
=

1986 =
1989
1992

o o
o
(V]

1998 =
2010
2013
2019
2025
2028
2031
2037
2040
2043
2046
2049

n <
(=2 o
(=] o
- (V]

@ South Africa @ Russia @O North America EZimbabwe B Others @ Recycle

Platinum and diesel DPF recovery rates are declining due difficult to process
substrate materials. ICE Scrap Age now 20 years in the US * Russian Pd miming will expand with additional Ni for LiBs

* Long-Term S. Africa PGM mining declines

Massive ICE Palladium Recycle Growth Zimbabwe PGM minine exoansion
. . . s Zi w ining ex [
* 1.44 billion gasoline and diesel LDV on the road today. Base Case . N. America Pd byprodfct nI:ining should increase

*  ~3gave. Pd recovery per vehicle
* 125 Moz AutoCat Pd Recycle by 2050
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WATERBERG PGM

Large-scale, low-cost
PGM mine development
iIn South Africa

CORPORATE PRESENTATION

Rh

b RHODIUM

SEPTEMBER 2024

Ni

NICKEL

NYSE.AAPLG * TSXPTM



WATERBERG PGM PROJECT DDD PLATINUM
GROUP
CIC M MEeTALS

= LOCATION AND BACKGROUND

‘
WATERBERG
AFRICA PROJECT

i
Located on the North Limb

of the Bushveld Complex;
home to 70% of global

BUSHVELD

ausnvew[ 11) } )'&_ ¥ e =l platinum production in 2023
COMPLEX |« ;‘_\ ) /\/’" l{h :‘ﬁmm, e -
i e WA L 3 Discovered in 2011
/ 3 IVANHOE

Mokopane with US$89M invested to

| $OUTH AFRICA - // e

date in exploration and

T —— feasibility engineering

gapeTown

® =

Updated Definitive Evaluating smelter offtake
Feasibility Study (DFS) and funding options for
September 2024 project development

NYSE.APLG *» TSXPTM




WATERBERG PGM PROJECT [(J[][JPLATINUM .
GROUP
= WHY WATERBERG. LM mETALS

Measured and Indicated Resource
33.76M ounces

Palladium, Platinum, Gold and Rhodium (4E)

THICK UNIQUE

= =

Amenable to bulk mechanized Full suite of PGMs including :?m'r';“g 2T
mining — safe with higher strong gold, nickel and copper b
skilled work force credits.

SHALLOW DESIRABLE
| |

Deposit starts 140m from Low chrome concentrate

surface — allows for potential with high-sulphide content

multi decline ramp access — amenable to existing o
lower capital costs compared smelters 1 I 1.85m [ 1.20 m Conventional Thickness

to deep vertical shafts

100% Waterberg Project. See Press Releass dated September 18, 2024, and Appendix. www.sedarplus.ca NYSEA PLG » TSX PTM 5 -



WATERBERG PGM PROJECT
WATERBERG Advantage: Thickness, Depth, Productivity and Cost

PGM Orebody Thickness and Grade

50 5.19
447 4000 a5 425
S e 4.01 397 38 O =
g 30 2.96 O O O
-] o 19.00
= 20
10 750
133 1.80 2.06 0.90 1.40
0 e S SN - N
TZone FZone #1 #1 #2 #1 %2 #3
Platreef UGz Merensky

m Orebody thickness

OResource grade, rhs

4E oz Production Per Worker

450
400
350
300 |
250
200
150
100
50
0

4E oz/worker

Source: SFA Oxford

Q1 Q2

s Western Limb = Eastern Limb s Northern Limb

4E production

» Great Dyke

L w R (4] o
4E grade (ght)

[ T

PLATINUM
DDI:IGROUP

CIC 1M meTALS

South African PGM Mine & Project Average Deposit Depths

Metres below surface (mbs)

2,500

i
S
(=]

USD/4E oz
e 3
o o

S
o

o

Global PGM Cost Curve

| m Waterberg

m Other shafts

Q1 Q2 Q3 Q4
steady-state
/ - SIB/AE oz
=1

* NTCC/

4E oz

4E Production
Western Limb  Eastern Limb  Northem Limb = Zimbabwe North Amenca | 17




Palladium Surplus Market Coming Palladium

The Palladium Challenge: What Do We Do About Palladium?
PGM Industry Needs Palladium Market Stability

ansition Metals

* Technology: Too Few New Patents Using Palladium ~

* Norilsk studies all Nickel and Palladium based new Patents. They are worried limited new Pd technical developments and
new patents.

+ Started the ($350k prize pool) Pd Challenge contest with the IPMI, but due to the Ukraine conflict, had to be put on hold. NORNICKEL
* Now Nornickel is taking up new initiatives with Russian academia to develop H, Economy related Pd demand.

* Palladium Applications for Clean Energy
*  80+% of Palladium demand in past few decades was in ICE Auto Catalyst.
* Long Term AutoCat Recycle requires near doubling of allocated PGM Smelting capacity.
*  Will this high CAPEX be underpinned if Pd market price collapses?
* Palladium plays minor role in H, Economy with limited loadings in LOHC and H, Permeable Pd Foils/Films v
* Increasing mined Palladium to PGMs ratio, especially with future Russian mining expansion, will favor Pd.
* Direct methanol fuel cells beginning commercialization. DMFC’s use Palladium

* Lion Battery Project — Testing using Pd and Pt cathode layers in next generation LiS and LiO,

LiB R&D
. Testi  Pd per LiB into next tion Lithium Sulfer battery desi t oo AngloAmeri
Testing 6-12 grams o per LiB into next generation Lithium Sulfer battery designs continues T T e ngloAmerican
* If successful would resolve any Palladium market surplus very quickly. i

* Lion Project is 51/49% JV with PGM Ltd. & Anglo American

* Fantastic progress in R&D in next generation Li-Sulphur LiB design work 750 cycles using reasonable amount of Pd/Pt on LiB
as Cathode layers.

e Commercialization in scale still years away.

* As we approach a structural surplus in the Palladium market what else can we do? 23



Palladium Center - Our partner network include:
commercially focused R&D,

main streams are: Universities & Industrial parks a
W 9 2w ® @
t Moscow state Boreskov  Tomsk Tongji Shanghai Wuhan
In ern.al de\!elopmen_t of university ~ Institute  polytechnic Unlergjllty Atjascud ‘Tachnglookal
01 palladium high-margin of Catelyst nivasshy Research Institute University

products

End users & manufacturers
Joint R&D with 7 ow OHIE & ©
02 leading experts energy i

BriHyNergy Sino-platinum
" metals
NLMK Inenergy Natura % o b1
group group  siberica @ '};j‘J‘J‘L ke G 5 2§ 1%
03 Com mercialization and N i
business development Technology
Associations & funds
E SEQUOIA CAPITALE 8 X.NODE m Q
' "M R XM
/ Ta rget ﬁ;‘;las ‘;;ZCJCS’:'; Sequ;:amcaapital Vinoda LT‘JE:'%:;E::?}{
120+ new products by 2030 Committee Chiw Hydrogen




In hydrogen industry we develop new palladium based products N
across the whole production chain and have ready-to-use ones

Power-to-gas > Storage and
technologies H2 purification / transportation Gas-to-power
extracting from gas ———» technologies » technologies

) )] s e
: : ‘ ..ﬂ.H’]'lll e e kit

AP gy R
Examples

E—
Pd-catalyst for electolyzer Membrane for hydrogen purification Fuel cell Pd-catalyst

. Pd-v(Pd) Pd-V Commercial

Pdir Ir Commercial Prototype sample r'r.‘-’rq.:'t»u Pt L':)_:!r;:‘r::'ma!
' prototype sample Flow capacity, 15 (T=360°C) 3,36 (T=300 .
f l e MI/(min*cm2 °C) Activity 419 196
Activity (1=1,53B) 26,8 - 10,5 A - ) Residual activity 250 ° 97
. - Hydrogen 99,99999 99,5 —99,99999
L '\ ijd' a('!Mt.y‘ 10" 1'5 wnty' % P {har TP 1
l AE (10 mAfsm® 300 370 Operation 340-400 300-600 - belter than 3 commercial sample
£ : temperature, °C
Pressure ratio, 5-11 14
& COMmerta -.""\r Bat

n ' | - better than 2 commercial sampie




Fundamental R&D: research in B2C, fast growing B2B and regulated S
markets to open new 50t+ mega applications for palladium

Markets under regulation Fast growing
O (current or potential)

B2C mega-markets

B2B markets

Examples |
+ Food packaging: « Carbon and methane capture -+ Batteries technology:
recombination of hydrogen for catalytic activity of CO,/methane preventing the dendrites formation
oxygen residues removal conversion to organic product « Superconductors:
« Electronics and household « Petroleum and plastic electrical conductivity at room
devices products utilization temperature
electro-luminescence catalytic activities to destruction * Computing infrastructure
« Household chemicals: " reaction magnetic susceptibility for memory

L.t ’ devices
Color characteristics + Water disinfection

catalytic activity to conversion of
chloride ions into a
decontaminating agent




Palladium Surplus Countermeasure

Lion Battery Project
The use of PGMs on Next Gen Li-Sulphur Batteries

rho
motion

Technology spotlight: Lithium Sulphur

Ithium Sulphur

#* Lion

Next Generation — otz
. -5 LIb's ptlmlze
e 9
Lithiuen sulphur, Lithivm Short to mid term potential applications for Li-S
October 2023 ESS Oxygen
PLATINUM o
=== S!tz?}\,f'x g . Dﬂ.l er m LaFPMn AEROSPACE: High Altitude Pseudo Satellites (HAPS)
. o NOMIA) L:’:;s MARITIME: Autonomous Underwater Vehicles (ALIV)
c -8 Mn-rich-
» NCMAAL pou Grilt Both require high gravimetric energy (>400 Whkg), and
rlu o GoeSi Z“‘ can accept limited cycle life (100-200 cycles)
Li-lon LiB’s E l NCA-G I Mid to long term potential applications for Li-$
Today
@ AngloAmerican E 200 l Lre I ,
) P~ 11
. i = LMOMNMC
Lion Battery research efforts are focused on developing beyond 3 e [ | 20708 Becssic Arnks; deooms
lithium-ion chemistries and enhancing existing lithium metal anode basad Vanadsem e AIR TRANSP.: Electrical Vertical Take Oft/Landing (€VTOL)
Lead fiow flow
w4 e All require high gravimetric energy (>300-400 Whikg), and

batteries.

U Switch from intercalation chemistry to reaction chemistry opens the
door for a group of materials new to the battery field - PGMs as
catalysts to charge and discharge reactions.

U PGMs can allow faster (higher C-rate), more reproducible (more
cycles), and higher efficiency of operation in the batteries (higher
Coulombic efficiency).

U PGMs can be used in custom designed electrolytes for use in many
types of batteries

U Five patents have been granted with additional patents pending based
on work to date. More patents recently added.

0

Incumbent LiB Tech. Next-Gen LiB Tech.

Year |5+

Incumbent taneline not 3o scale

www HhoMuLon (e

o

Year O

Year S

Year 10

EV and Bateery Quarterly Owutiock

longer cycle life (>1000 cycles)

Can compromise on volumetric energy, which is lower
for Li-S compared to Li-ion (350 WhL for Li-S versus
700 WHhIL for Li-ion)

1001 00F e 202000454
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H, Economy Critical Minerz
Platinum
Iridium
Ruthenium
Palladium
Copper
Nickel

-




Hydrogen Economy Explosive Costs & Deteriorating
~PGM (Pt Ir Ru) Supply Outlook are the Conceg

Hydrogen Economy

Platinum (ridfitm

$a sl ol 50"
() 415" 0 ~

ravattsas Matals )

\ Transition Metals )

Platts California hydrogen price extends momentum ($/kg)
~= Platts Califernia HZ pump price

$40/kg

$40/kg

Price change:

c ate LA e hell Hy ®
@CalState LA @True Zero @ Shell Hydrogen € $33.48/kg
@ lwatani @ Messer @ Air Products ._/—
$30/kg o 4 $30/kg
° P 1
o L ) S s
$20/kg @ = 3/—/ e . S20/kg
o ° Retail California hydrogen pump price vs benchmark
$16'35/kg > IR { - Platts Hydrogen ($/kg) = Hydrogen price competitive to gasoline® ($/kg)
‘ {r [ Gescling el H2 Retail Price: $33.48/kg
SlO/kg a f ! ]' {8 | ¢ SlO/kg 35 : .
= | ‘ ; v 30
i y , ¥ e -
- B ‘- = " ' 8 25
| —— —— - )
SO/ kg Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec s SO/ kg 20
2022 - - - 2023 - - - - 2024 " H2 Gas Equivalent Cost
April November April October ¢ f__/‘\
Minimal price increase at lwatani adjusts all stations to Shell Hydrogen increases their Iwatani goes through with price 10
True zero and lwatani statiens. CFS market realities, attributed

July

True Zero implements a price

higher procurement costs and
inflation. The initial adjustment
went into effect on Nov 1, 2022,

hydrogen due to changes in LCFS
credit prices and rising cost to
procure hydrogen.

September

Increase set for Jan
1o key economic drivers s
to recover LCFS credits.

November/December

CA Gas Price: $3-$6/gallon

increase to all stations, attributed witha 3‘3}0”6 upward adjustment ) & i S50 o Dec-21 May-22 Oct-22 Mar-23 Aug-23 Jan-24
it to significant increase in energy expected to be implemented on True_Zercvmcreases prices dL.»e to o?\‘fgral fuel operators take stations

costs and decline in prices for ) Jan 1,2023. continued cost pressure on the offline due to either site ‘ *EER adjusted

K £ hydrogen supply chain and enhancements, and or to disruption in 21 £51% 22

carbon trading; historically low carbon credit values. the availability in gaseous hydrogen. Source: S&P Global Cornmaodity Ingights, Energy Information Administration

Hydrogen fuel price amid decline in LCFS value

- P il s e oS e, 8 What are LCFS (Low Carbon Fuel Standard ) Credits?
g TR ~ 0|+ Carbon Tax Credits
P P " .| ® Inthe LCFS market, low Cl fuel producers can register to produce LCFS credits for the amount of fuel

N\ e R ) dispensed. High CI fuel producers or distributors then purchase those credits to offset the amount of

— high Cl fuel dispensed in their portfolio. The price paid for LCFS credits varies with supply and
e demand, the amount of low CI fuels generating credits vs. the amount of high Cl fuels consuming
those credits. 29



https://freewiretech.com/lcfs-credits-explained/

Hydrogen Economy

PGMs and Hydrogen are Synonymous:

Platinum
[ o) 454" 8
Trantition Metals

Making, storing / distributing and using hydrogen requires PGMs

Production Distribution / storage
Midstream

]
o

LOHC LOHC

(hydrogenation) (dehydrogenation)
Novel alkaline

electrolysis Ammonia Synthesis —|—> Ammonia Cracking

I

5
@
c
w
2
=
©
3
o
c
o
o«

| Pt | Pd
Methanol I—b Methanol Reforming (iR
— P ok
~ 0

-
[ pt] ir | LT ——r—

DAC i
o B

n — ---F------l

)
i ‘
( . ]
/ E-fuel /
i
i
i

Carbon

G 0 Purification
\\» Formic Acid —r> Formic Acid Cracking

End-use

Downstream

R
Hydrogen s :]

Compression Pt
PEM

m-od ‘ Fuel Cell

Hydrogen |

Energy/Transport

Hydrogen
Peroxide

%
3
-
w1
3
) ®
Ethylene =
w
3
°
L

Other CxHx

Co2 Electrolysis

Source: AP Ventures / Mitsubishi Corporation **A few corrections by Matt
"————-—_.~~
" One segment Ny
Seo taking off. R4

-
-

products

H, Economy

Platinum demand highest in
transportation PEM fuel cells.

Iridium demand highest in green H,
PEM electrolyzers.

Ruthenium used more broadly in
transportation PEM fuel cells 94:6
Pt:Ru ratio.

* Ammonia synthesis and ammonia
cracking both require Ruthenium.

Palladium and Rhodium use in H,
economy is minimal weight.
*  Pdused in Direct Methanol Fuel Cells

*  Pdused in methanol production and
methanol cracking.

e Pdused in H, purification

30



Platinum Market Summary

H, Economy PGM'’s - Market Price Trend & Outlook

Platinum Prices for the Last 5 Years Iridium Prices for the Last 5 Years

Ruthenium Prices for the Last 5 Years

Platinum - Friday pm 1T 5907/toz Iridium EIB Friday /I $4,950/toz BASF EIB US Friday Ask: Ruthenium —>  $465/toz
Outlook
ﬂ Hydrogen Economy Demand \ % Growing and diverse Ir demand, ﬁ Growing diverse Ru demand.
ensures higher pricing long-term. limited design alternatives, plus new H, Exception is 40% HDD market decline.
PEM electrolyzer demand for Green Pt/Ru HDD FCEV’s now commonplace.
=  FCEV Pt loadings far (30x) greater than Hvd y R / It tive to Ir in H. el tp I
e ydrogen. u as alternative to Ir in H, electrolyzers.
=  Variable R bl ill make H = Short-term: Watch 2023 S. Afrian PGM =  Short-term: HDD and electronics market
ariable nenewables Wit make H, energy mining supply disruptions from record weakness in PVD targets.
storage essential, ensuring Pt demand. ) . _ . .
Eskom power-grid load shedding. = Long-term: Growing use in transportation PEM
= Diverse Pt demand — Chemical, Electrical, fuel cells and smart glass. Also growing use of
" Long-term: Urgent need for PEM Ir/Ru alloys for Green H, electrolyzers. Poten

. tial
k Slec;.rofhetm, Petrol, Glass PdeUCtlonr/ K Electrolyzer Ir design thrifting in progresy k use in future plastics recycling. /
edical, etc.
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Hydrogen
Hydrogen Economy Co u n C ' l

Accelerating Clean Hydrogen Plan
Dec’23 2030 plan is now for 238GW (Final 2050 target 600-900 GW)

December 2023 Projections

Cumulative production capacity announced, Mt p.a. Hz COUI’]C“ 2050 Goal:
15 [EOW-GarBon | 13 Mitpa 660 — 900 Mtpa of Clean H,
4 wydrogen
Announced’
oris Base Case: 1,031 GW @ 660Mt H, w/25% PEM
~150 Mt Of grey H2 TOday Planning? to
By 2030: 45 Mt (30%) will be Clean H, : High Case: 1,687 GW @ 900Mt H2 w/30% PEM
33% (13 Mt/yr) Blue H, w/CCS Committed”
67% (32 Mt/yr) Green H, Renewable | 35 . * Financially committed projects still < 10% of plan
= hydrogen

* Low-carbon Blue H, 90% projects in N. America.

w/25% Green w/PEM ) ]
* ~75% installed electrolyzers alkaline

Announced'’ . .
* ~25% PEM electrolyzer capacity installed (mostly EU)
1,01 1omse. +407 oo mamemss
Planning? Hydrogen Insights 2023 — Dec’23
Committed®

2020 21 22 23 24

1. Preiminary studies or sl press announcement stape
2 Feusiblity studes or at frort-end engneéersing and design stage
3. Finalirvestment dacision has baen made, under construction, commissionad or oparatonal

<10% Financing complete & committed 32

Source: Projpect £ investment tracker, &= of Oct 2023



https://hydrogencouncil.com/wp-content/uploads/2023/12/Hydrogen-Insights-Dec-2023-Update.pdf

——— Macro Level Trends

The H, Economy is Going to be Huge for PGM’s ... Or Is [t?

p—

=

== Green H, Elelctrolyzers:

GRZcN FUTURE

Power to X ,.&

Transportation

PEM Fuel Cells

LDV and HDV Vehicles, Trucks,
Trains, Planes, Marine, Lifts

, Transport / Storage
Management

~ L

PEM & Direct Methanol

Reversible PEM Fuel Cells!

Power-To-Gas &

~3.5 Moz /yr.
Available

195.08

Pt

Platinum

[ o) 454
L Transition Met

9.1
()
aly )

Gas-To-Power

Platinum

~13 Moz/yr.

78 ths o8

106 -h’

Pd

Palladium
[Kr)ad™

\ Transition Metals /)

Auto Catalyst

LDV gas and diesel ™ /

LDV Hybrids =N
LDV PHEVs
HDV diesel

NO, Sensors
O, Sensors

Temperature Sensors

P
Auto Spark Plugs 59

Pt, Pt/Ir, Ir, Ru y
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Platinum Market Summary
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Iridium Market Summary New Gross Demand Models

Iridium Market Summary

Iridium Mined Supply & Net Demand Historical & Forecast (Koz) Ruthenium Global Supply & Demand (Koz)

600 Floctrochemical Automoti Gross Demand
== Electrochemica — [——JAutomotive — -
== Jewelry = Medical = Other —JInvestment 3,200 == Chemical [T Electrical [ Electrochemcial
——Mined+Recycle  seee- Mine Supply - Market Balance [ Auto & Smart Glass I Other I H2 Fuel Cells
500 2.800 ESX1H2 Electrolyzers === Mined Supply —— Mined+Recycle - |
’ — - Surplus/Defecit =] Smart Glass
S % plus/ e mm f E = E L+~ rled + Recycle
= 400 29 2,400 = M
- " o wn
® : = 3 Electrochemical ro
: 32 2,000 2 8
A 300 = g hemical || || = || L Hl = 5
i L H [ < = T = S5 o
2 I AR T 1,600 [T Y I I B R
> - II B 1 [ H ut L M [ 2
2 el A1 H H uhilly Electrical
% 200 N IR R0 H | H || 1 200 || || B | || || || || ||
3 e H iy lectridal U H H ’
LI HH T wn
= | | L H c TR 74 7,
E Lk S 800 | LT ¢
5 100 IR TA U1 U HH o L Ll 1 [[|Mingd =
= IS E - lectrochemica = = o]
- | | & 400 Se0n oo C1e|nricar g
* - I NN =\ L T
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(100) Q. (400) N O N 00 OO © v N L L LW L L L W L L L L W W =
$§ 382228833 3:5:283388s3z2:Q 2238888838888 22883aQC
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Hydrogen Economy CO

eFuels Leveraging PGMs - A sleeper category \}:\

* eFuel production is based on the extraction of hydrogen. This
happens by means of an electrolysis process that breaks down
into its components of H, and oxygen.

e W

* Inasecond process step, with the aid of e.g. Fischer-Tropsch
synthesis, the H, is combined with CO, and converted into a liquid
energy carrier: eFuel. Under high pressure using a catalyst, the
hydrogen binds with the CO,. Because electricity is used for the Froolcwan process prdieset
production of eFuels, the procedure is known as a power-to-liquid e
process: electricity is converted into a synthetic liquid that is easy
to store and simple to transport.

1. Renewable electricity
Remwwntrie energy ohtsuned

* SAF costs are 120%—700% higher than fossil-based jet fuel costs.
SAF reduces CO? emissions between 27% - 87%. The lack of
producer incentives poses a significant hurdle to SAF adoption.

s sustamrable
Saurces or frorm the alr
Liw-exrban synthetio lguid faols prodoctson {Powar-to-Liguids) Q e °
[ A twi-sten £
L e 2
wwore 7 Cwu wmirs s s
A8 05eq Few USE1 e dsxs
e bovmrs
2 [.J
. a
-
"’ )

36




Sustainable Aviation Flights In The News

First commercial airline flight using 100% drop-in
SAF enabled by technology from Virent and
Johnson Matthey &y RENT

09 December 2021

Flight100: Virgin Atlantic flies
2023 its first 100% Sustainable
Aviation Fuel flight 28 November 2023

2021

Emirates first airline to operate
2023 demonstration flight with 100%
Sustainable Aviation Fuel

Airbus leads investor group bankrolling a new $200
million sustainable aviation fuel fund

BY STEVE KERCH

2024

‘ USATODAY + Follow 1.1M Followers

2024 United Airlines will begin using sustainable aviation fuel in Chicago

this summer

Story by Zach Wichter, USA TODAY » 3h « (I 2 min read
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Ammonia Critical Minerals

* Ruthenium

* Iridium & Platinum H2 Catalyst

* Nickel _ . "
Molybdenum e




Ammonia Market

Ammonia Market Today "

Global Ammonia Market USD S Billions

100,000 -~ _ o ss00 What If Ammonia market 4x to 6x for use as a
[JFertilizer [—1Chemicals 1 Refrigeration
90,000 C—IFibersand Plastics === Pharmaceutical =3 Pulp and Paper $as0 feedstock in sh ipping and heavy ind ustry
[—Others ——Ave. Price/mt i
80,000 $400
70,000 $350 UmHS
60,000 $300 3 . T
Annual ammonia demand could increase by 670 to 946 million tonnes and represent
50,000 $250 a potential 5 USD trillion market up by 2050
40,000 $200 Ammonia market opportunity
Million tonnes ammonia
30,000 $150
g 6x NH3 growth to support decarbonization by 20 “900Mt/yea r
20,000 $100 900
10,000 $50 800
’ 700 4x NH3 growth to support decarboni
- $- _ 600
< un (] ~ (o] [=)] [=] i o on < [¥e] (Y] ~ o0 [=2] o %
o eH EH e=H =1H =3H N AN AN A NN 500
o o o o o o o o o o o o o o o o o
~ ~ o~ [V o~ (o] o~ o~ o~ o~ (o] o~ (o] o (o] o (o] 400
300
N I Fertiliz . 200
q . Chemicals :
Refrigeration $31.33 160 - € 2020 NH3 Production 144 Mt
. $5.64B
Pulog  Fibers& $4.458 0
Others / ulp Plastics ‘ 2031 2036 2041 2046 2051
Electronics $2.4OB r e decorbonitation by 2050 === decor bonisation by 2070
$0.93B . . - . -~ ,
Growth in ammonia for shipping could represent +400% capacity increase relative
to 2018 global ammonia production capacity
Source: UMAS GloTram (2019)
Note: assumes NH3 constant price of USD&03 /ronne from 2030; reported 2018 global ammonia copocity wos 1 88Mme

https://www.globalmaritimeforum.org/news/the-scale-of-investment-needed-to-decarbonize-international-shipping
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https://www.globalmaritimeforum.org/news/the-scale-of-investment-needed-to-decarbonize-international-shipping

Ammonia Market

B FAROER TANMKERS

Ammonia as a feedstock in shipping and heavy industry

* Green Hydrogen based synthetic Green Ammonia

* Requires up to 1 TerraWatt of electrolyzers by 2050 to support 300Mt
of Green Ammonia

* Could impact 93+% of maritime emissions

* Opportunity for Ru in synthetic ammonia production as well as well as
in cracking ammonia.

* Amogy focused on ammonia — along with Mitsubishi

. . .
Ammonia fuel: Maritime A \
AHNONIA INIIGV
Green ammonia - production and use zero emission fuel adoption i
® ~ ===
- Decard ation by 2050
* 5% zero-carbon by 2030, T =he
(. '> @ @ 60GW electrolyzer % .
A 0O @ 0.64 EJ / 15.8mt HFOe / &
i & Ao S
O = SN ( ‘) 30m tons ammonia 0
TN o — - g 60
@ N 6~ Electrolysis s
/e = Dby |
w \ Ammonia ‘ *  93% zero-carbon by 2046 4« ‘
: - @ synthesis 2] >1TW electrolyzers 30 | 7
y ' j . 20
/ ~300m tons ammonia
/ \ Zofo'-ca.rbon 10
'~ o \ uo
- N OC;, @ a4 %o 2 ww 95 20 206 208
Renewable Gree n COP26 Climate ('hampwns, UMAS: (-rmmg 0 Zenw Coslitkon: Five perceast zcro cminion focks by 2030 necded or hm..u:gm«l \}upptng docarbonization,
energy Air separalion ammonia g \h.r h?()’zl (hittps:/ /www globalmaritimeforum org/ content/2 03/ Cetting 10-Zero-Coaktion _Five-parcent-ar cls-by- 2030 pdf) 6
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The Economics of Clean Energy
It all costs more and drives commodity Inflation




Clean Energy Economics

GDP By Country

GDP per Capita
$90,000
==-=Global - China —USA ——Japan
$80,000 —§, Korea ——Indonesia India ——§, Africa
-=-= Germany —— United kingdom ——France - = Spain USA
370,000 . Italy ROW
$60,000 Past 15-years GDP Growth is
Flat in EU and Japan
$50,000 Germany
nited Kingdom
ance
$40,000 JApan
Italy
$30,000 . Korea
$20,000 _
China
Global Ave
$10,000 S. Africa,
Indonesia
7 India
S_ =
[=))
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Clean Energy Economics

GDP By Country GDP per Capita

$90,000
= ==Global —China — USA —Japan
$80,000 ——S§. Korea ——Indonesia India ——S. Africa
-=-= Germany —— United kingdom ——France - = Spain USA
370,000 Italy ROW
$60,000
$50,000 Germany
United Kingdom
$40 000 France
’ Japan
Italy
$30,000 S. Korea
Spain
$20,000
China
$10,000 Global Ave
’ S. Africa,
Indonesia
S- India

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
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Clean Energy Economics

Economics Summary

The Clean Energy Transition Roadmap
Roadmap is not attached to mineral requirements

Solar PV (14-28TW by 2050) SER—— Solar PV Recycle
NE QUESIIGN U1 THOW Al whed i MR L ~10%

> Solar Recycle +
_; - Expanding .
_ But how I EXpandmg

EV & Lithium Battery (L|B) Market — EV LiB Recycle Market
1 Dro m iB re e 0- em Bank ies imminen

EV Costs $ LiB Recycle
Slowmg Overcapacity Risk

AutoCat Recycle Market — Nuclear Energy Market
K QP28 pledge 0 X N ear b

ICE / AutoCat AutoCat Recycle
PGM Price Risks Long-Term PD/Rh Price *ﬁ
i e — Risks ‘Ura iu ycl rmn



Clean Energy Economics

Economics Summary - Page 2

Mlxed Metal Oxldes — Semiconductor
Intelligence at the heart of electrification of everything

Semiconductor+ E- Wastg? RercyElE-u
Electmnrcs+ 4. Growmg Market B

Boommg Markets

The Hydrogen Economy

Wg%sﬁ' I
Un eallstlc ECDhOm'

The Palladium & Rhodium Challenge




Green Rush - Mining The Energy Revolution

is your guide to understanding energy transition

“THERE'S QUITE A BIT OF HOARDING'

GOLD HAS
HIGH-TECH FU

PLATINUM GROUP METALS WILL BE
CRITICAL FOR ENERGY TRANSITION

ANoREW Ny 49°51

 ;

diny 57 07
MARGERY STAN (o 38

GOLD’S PRICE PATTERNS
HAVE NEVER BEEN BETTER

CHINA'S LOCK ON CRITICAL
MINERALS IS BRKNG DOWN

2024 Weekly Kitco Produced News Program

Recyclers are hanging onto PGMs, hopin¢

Kitco Mining * 1.2K views * 1 month aga

Gold between $2,700 to $3,000 - WGC's J

Kitco Mining * 3.8K views « 1 month aga

10

Silver recycling is coming - Silver Institute

Kits

0o Mining * 4.9K views * 2 months ago

‘A huge opportunity for demand growth' -

Kitco Mining * 930 views * 2 months ago

Too much palladium - Matt Watson on m¢

Kitco Mining * 1.5K views * Z months ago

13

Platinum group metals are not going awa

Kitco Mining * 2.8K views * 2 months ago

14

Gold and silver's next act - Matt Watson ¢

Kitco Mining * 6.8K views * 4 months ago

Antimony, vanadium and rare earths - onf

Kitco Mining * 1.6K views * 4 months ago

16

GREEN POLICY GDALS RUN INTO
LITHIUM MINING CONSTRAINTS

OLVER KRESTIN ©  45:40

JON POTTS

SOLAR IND
CRAVES S

STRY
ILVER

) \
5
o MIKE WALOEN | 40:48

PLATINUM PRICES
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Lithium prices are volatile because the mz

Kitca Mining - 1.2K views * 5 months ago

Trouble ahead for the palladium market

Kitco Mining * 1.9K views * 3 months ago

Should you hold your own gold? - FideliTra

| Kitco Mining * 4.8K views * 3 months ago
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‘Al is a self-feeding monster’ - Why thriftin

Kitca Mining * 1K views * 3 months ago

20
Hydrogen vehicles will be the biggest sout
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‘We are potentially in a world of escalating 2

Kitco Mining * 1.1K views * 4 months ago

'As a contrarian investor, there's nothing 11

Kitco Mining * 16K views * 5 months ago 22

Energy transitions biggest bottleneck? The

Kitco Mining * 899 views * 5 months 2o

WS ER R CIRCTEINY These two ‘'minor’ PGMs are ‘crucial to the hydrogen economy — Green Rus|

TO THE HYDROGEN ECONOMY

e Kitco Mining *

STOVEN MAZELBAKER 33112

HOW MUCH CLEAN
HYDROGEN IS NEEDED?

@m.m :\-‘36:39 1

Kitco Mining *

Kitco Mining *

Kitco Mining *

Kitco Mining *

Kitco Mining *

Kitco Mining *
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‘An ominous task’ — filling the demand for clean hydrogen & required PGM:

781 views * 6 months ago

The amount of copper needing to be mined in 30 years is ‘staggering' — Green Rt

3.7K views * 6 months ago

Are end-users willing to pay more for responsibly sourced minerals? Green Rush

‘Photovoltaics are the central bank of silver, here’s what it means for price — Hec

4.9K views * 6 months ago

Wild swings in critical mineral prices have a root cause: relatively small supply

1.3K views « 7 months ago

Why palladium, rhodium ‘are really going to be challenged - Matt Watson on less

3.6K views « 7 months ago
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Watson

Kitco Mining © Podoast

Uisten 10 Kitco Mining's Green Rush to understand
and profit from a once in 8 century event: the
ciean energy wansition

Each week host Matt Watson, founder of Precious
Metals Commodity Management, will 1ake a deep
dive on a metal that will underpin our new
electrified world. Green Rush explores the vital
role of nickel, copper, lthium, cobalt, silver,
platinum group metals, rare eanh elements and
other metals that power the bateries driving our
sustainable future


https://www.youtube.com/playlist?list=PLzpGB1bx9UxcCb2pQ694Zhvm_bjCkxghm

2023/24 Market Events

The Future Of PGM’s: Forecast for “PGM Basket Strain”

Increased Long-Term Palladium & Rhodium Accumulated Surplus
. Both Pd/Rh have centralized 85+% demand from Auto Catalysts alone. Current macro-economic slowdown has dramatically lowered global vehicle sales.
. PGM Basket price is dropping as Pd and Rh drop from their current macro-economic driven ICE build shortfall.
. Palladium and Rhodium auto catalyst recycle returns will continue for decades.

. Need to restart a “Palladium Challenge” to promote Pd use and the development of new applications. & A3
. — JOmPY,
* Increased Long-Term Platinum Demand for Fuel Cells & Green H, Electrolyzers ViR o 1
o) . 70-80% of the forecast Pt demand is in the transportation Gas-To-Power transportation PEMs. \:'-' ; 1‘.-'
Pt ” . WINNER
. Remaining demand from H, conversions and green electrolyzers. s\

Platinum

[ oyt e Current devitrified Pt demand mix fairy sticky, few design swap alternatives

antition Metals

=1 Near term macro-economic weakness Pt, Ir
and Ru all still vulnerable to some downside

_* Increased Long-Term Iridium Demand for Fuel Cells & Green H, Electrolyzers T -
: . Primary Iridium forecast demand is from Green H, PEM Electrolyzer (today around 25%-50% of the electrolyzer mix) V’qn,‘ T\“
. 30x+ Ir PEM loadings design thrifting from a 2020 baseline needed. Key available design swaps include Pt and Ru. :j. ;
. Growing used of Mixed Metal Oxides (Electrowinning base metals, chlor-alkali, electrochemistry applications, PCB electro-plating, wat¢r treatment, BWTS, etc.) &\N'NER’

* Long-Term Ruthenium Demand for Ammonia Fab/Cracking, Fuel Cells & Green H, Electrolyzers

L
. Current Ru demand mix is fairly sticky. Thick Film Ru Resistors and HDD Ru PVD target demand will both decline in time. ‘t}' _—?10’
N
*  Potential growth in recycling mixed plastics and smart glass. i WU, ! \'}’,
. . L . . N e N
. Nearly 2x demand vs mine supply supported with significant secondary refine capacity. \-" . e
. A -
— WINNER
. PGM Mining Pt/Ir/Ru (shortages) vs Pd/Rh (surpluses) — Basket Imbalance Growing
PGM mining is shifting into Palladium rich deposits in S. Africa’s Northern Limb, Zimbabwe, Russia, & N. America.
. The richest Pt, Ir, and Ru deposits are South Africa’s Bushveld Complex’s Western & Eastern Limb.
. Limited greenfield and brownfield PGM projects aligned with the Western and Eastern Limb.
e South Africa power supply growing instability, social discord and theft adding to shaky outlook.
. Mining Investment is and will remain diluted with competing Critical Minerals demands, especially Li, Ni, Co and Graphite for LiB’s
[) \
. : ammasy,
B g PGM Recycle Pt/Ir/Ru Recycle Growth Occuring Yom /"’
. Platinum has some 46mt recycle, and only 200mt mined/year. Low Pt ICE Auto Catalyst recycle yields due to SiC/TiAlO remain. VRN Fuy
G o
Q . Iridium has some 8-9mt recycle, and only 8 mt mined/year. Working on increasing Ir recycle. <4 N NE A 48
. Ruthenium has some 65mt recycle, and only 23mt mined/year. Huge recirculating populations of Ruthenium demand. W -~ R
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PM Market Research, Hedging Strategies,
Thrifting Strategies, Trading Support, Risk Management

Utilizing extensive experience in the Precious Metals Commodity markets to help
clients make better decision, reduce costs, drive thrifting activities, improve
trading performance, reduce risks, create and implement hedging strategies.
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Clean Energy Transition

Potential Deep Dive Topics with Your Organization

e Electric Vehicles

Li, Ni, Co, Graphite and NdFeB (REE)
NiP or FerroNickel and Cobalt ESG Issues including emissions: 90t CO,/t processed

Global power grid impact: Need to Erow grid 50% by 2050 just to charge the 2B EV’s on the road in
2050. Overall plan is to triple to global power grid by 2050.

The Hybrid/PHEV Versus Full Range BEV mineral requirements (the Toyota argument)

Developing direct extraction on the lowest Li grade Lithium Brines are key to breaking the Lithium
supply wide open.

* Internal Combustion Engines — Emission Control Systems

\ .

ICE remain longer than most realize. Hybrids + ICE both with increased PGMs

Remaining emission standards evolution & loadings outlooks by region.

Latest and next generation NO, standards forcing big reduction, pressure on Rh to remain.
Pd, Rh, Pt auto catalyst demand forecast, higher than most think.

NdFeB — REE’s needed, especially Nd for Magnets for EV Motors

Auto Catalyst recycle at 20 years scrap age. Forecast Smelting Capacity Needs

* Recycle Market Outlook

&9 -

A

Auto Catalyst smelting capacity needs to double to meet growing demands. Increasing Pd recycle
returns plus mining will drive structural surplus, and price to roll over after 2030

AutoCat, AutoCat Recycle, and E-Waste Market Risk: Umicore potential acquisition by LG Chem could

create huge opportunities.
Fuel Cell and Electrolyzer recycle outlook
Li-Battery Recycle — LFP are economically under water for treatment charges. Early recycle

nameg)late capacity far exceeds demand. Big recyclers partnering with LiB OEMs for process scrap to

fill 30% of the early mix.

E-Waste Market & Copper Recycle

Solar PV Recycle — It’s all about the economics. Al framing, Glass, Ag, Cu, and Si
Electronics & low grade silver recycle

. EIectrlflcatlon Metals Cu Ag and Al

)

g

Need to double all of the copper mined in the past 1,500 years to meet the copper demand of the
next 30-years.

Declining Ag and Cu ore head grades

Existing USGS Known Reserves are not enough
Acceleration of demand from Clean Energy Transition

LFP LiB’s use 30-50% more Copper than NCA/NCM designs

* Nuclear

Growing heavy industry, and pink H, demand.

Responsive technology pairs with variable renewables better
Silver in the RCCA’s

Hafnium in the RCCA’s and pure Zirconium coating for durability

. Semlconductor & Electronics

Tantalum, Titanium, Copper, Aluminum, Tungsten, Gold, Silver, REEs, Ruthenium, Palladium
Iridium, Hafnium

Enormous growth in electronics (Semiconductor, Flexible, Wearable, Printed)
Interconnect roadmap

* On- Shore & Offshore Wind

T

Copper loadings per MW are 3x higher onshore, and 8x higher offshore than convention
grid, with lots of Zinc used to weather coat the blades lea ing edge.

Copper foil demand growing from EV’s and LFP chemistry LiB’s. Uses Iridium in the
production

NdFeB — REE’s needed for huge Windmills. Hundreds of Kg per unit.

. Solar PV

Solar PV Module prices hit $210/MW before commodity Erice climbs to $390/MW due to
price climbs in Polysilicon, Aluminum Framing, Glass, Back sheet and Silver.

Solar PV already consumes 13% of the global Silver supply and growing.
Solar Arrays use 3x the copper vs conventional grid.
Duck Curve, renewable curtailment, need for large scale energy storage

* Hydrogen Economy

H

Q

Pt, Ir, and Ru are the PGM'’s of the future Hydrogen Economy
Long-Term Supply/Demand imbalance on Pt Ir and Ru

Duck Curve, renewable curtailment, need for large scale energy storage and Green
Hydrogen and/or Green Ammonia make the most sense.

Duck Curve, renewable curtailment, need for large scale energy storage almost force the
need for Pt Ir and Ru

Green Hydrogen Electrolyzers — Huge design thrifting in Iridium needed.
Gas-2-Power PEM Fuel Cells — Pt, Ru and Ir.

Transportation FCEV Pt loadings in mass is a supply concern.

Ruthenium critical to ammonia (NH,), and they want to 8x that market

e Rare Earth Elements

450 years of USGS Known Reserves. Anything but “Rare”.

Dirty: 2,000 tons toxic materials for every 1mt of REE Mined & Processed
China ESG Issues

Consumption to triple by 2050

Home and EV Heat Exchangers and Solid Oxide Fuel Cells need REE’s

* Critical Metals Long-Range Price Forecasts

Supply & Demand Fundamentals, Market Balance

Copper, Lithium, Cobalt, Nickel, Aluminum, Silver, PGM’s, REE’s

Mineral Reserve Constraints 50
Hard limits to Copper and Silver mining in this century
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SUBSCRIPTION REPORTS

Precious Metals Bi-Annual Reports
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THE RUTHENIUM REPORT
QUARTERLY DEEP DIVE ANALYSIS PACKAGE

THE RHODIUM REPORT
QUARTERLY DEEP DIVE ANALYSIS PACKAGE

THE IRIDIUM REPORT
QUARTERLY DEEP DIVE ANALYSIS PACKAGE

Second Quarter
May 2021

By: Precious Metals Cornmodity Management LLC

THE PALLADIUM REPORT
QUARTERLY DEEP DIVE ANALYSIS PACKAGE
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Market Research Study
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20-years Precious Metals Commodity Managem

E *  Purchased $100’s of millions of industrial PM products E
. * Treading / Hedging / Financial Services :
E * Design & Process Thrifting. Reduced media sputter IDM 60” ($1.17 to $0.46) E
'« Supply Chain Compression: Weeks supply from 2-years to 27-weeks. :
i * Extensive interface with Heraeus, JM, Tanaka, JX, Solar Applied Materials, Materion, i

Precious Metals Commodity Management LLC

Founder: Matt Watson’s Bio

Scotia, uya, DuPont, 5N.

Vapor Deposition

* Active er of IPMI and Sily \Institute.
13-years 17-years 2-years 5-years Pl::ct'o;’s
. . etals
Industrial Statistician Hard Disk Drive Industry Solar PV Tanaka Commodity
ITT Groups & Consulting 14-years with Seagate Flex CI GS America Mgmt. LLC :
1984 1997 2011 2013 2018 Present :
Industries: Substrates: Supply Chain PM Industri Consultinig/
s Defense Technologies *  Engineering & Operations Operations: Products Bus. Dev. *  Mkt. Research
*  Satellite Technologies * NiP Plating, CMP, Wash & AOI »  Thick Film Ag Paste Screen & R/D *  Risk Mgmt.
e Semiconductor Media: Print . *  Trading
. . * N.American R&D and , .
Automotive «  PM Thin Film PVD «  Ruthenium PVD Mktg. Hedging
solar PV Precious Metals *  Rotary PVDPM’s HDD ESrraet(:saStllggvelo et
¢ $540M in Pot and Ru ° SeCVvD Semiconductor &Yy P
*  PVD Target Supply chain Management * ) : Flex. Elect.
*  Trading, Leasing, hedging, PM Wet * MulthIe !Dlatlng Medical
Chemistries Chemistries Wet Chem.
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Precious Metals Commodity Management LLC

Overview: Precious Metals Commodity Management LLC

https://www.PreciousMetalsCommodityManagement.com/

Providing a Wide Range Of Consulting, Market Reports & Insights, Coupled With Supply Chain Expertise
Supply Chain Expertisa

Consulting Services

= Market Research — client specific market
reports

Supply Chain Development

Total Cost Of Ownership Reporting Systems
Thrifting — Mapping cost down plans

Risk Mitigation — construction of a
system/process

Trading — demonstration, training, and
facilitation

Hedging — establishing systems to reduce
market risks

Forecasting — providing foundation to
trading activities

Strategy Development — training industrial

users on how to put it all together
Industry contacts - making the right
anections /

Market Reports

= Supply & Demand Fundamentals: \
= Gold, Silver, Platinum, Palladium,
Rhodium, Ruthenium, Ruthenium
= Subscription Service to Quarterly Deep Dive
Reports on select metals.
= Price Forecasting
= |ndustrial Demand Details
= Auto Catalyst Demand
= Fuel Cell Technologies and Electrolysis
= Semiconductor
= Flexible / Printed Electronics &
= Automotive Electronics
» Hard Disk Drive
= Advanced Pharmaceutical Ingredients
= Catalyst — Petrol, Ammonia, Fertilizer

Chlor-Alkali & Water Treatment
Secondary Refine Market & Capacitiey

Thin Film Deposition Materials
= PVD, ALD, CVD, MOCVD
= Processes & Vendors
= Evaporation Materials & Precursors
= Fuel Cell Catalyst Materials
= Mesh Products
= Bonding Wire
= Solder and Brazing Materials
= Cardiovascular & Embolism Wire
= Die Attach & Thick Film Pastes
= Thick Film Resists
= Compounds
= Screen Printing
= Wet Chemistries
= Catalyst Products & Compounds
® Grains & Flakes

= Bullion, Coins, Minting Processes
= Shields, Chamber Sweeps, Scrap Reco
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Events

Mar’21 Pre-PDAC Seminar Keynote

Mar’21 - PV Magazine - Silver accounts for 10% of PV module costs

May’21 Silver Institute — Demand growth in the Flexible & Printed Electronics
June’21 Soar Financial Interview — Mineral constraints to meet the global Zero Emission
Vehicle Mandates Matt Wistson
June’21 — PGM Recovery Systems Interview — Clean Energy Mineral Constraints :
June’21 - IPMI Auto Catalyst & Fuel Cell Conference — Topics Auto Catalyst Recycle long
term Demand, H, Economy, & Recycle

June’21 — Master Minds Silver — Cu and Ag Demands & Constraints

July’21 - Pre-PDAC Conference Keynote - Silver and Copper Demands & Constraints

Oct’21 — Kitco Interview: Clean Energy Impacts

Oct‘21 - IPMI Annual Conf. — Copper/Silver Markets & Clean Energy Mineral Constraints
Oct21 - Kitco Podcast— Mineral Constraints

Oct’21 — Red Cloud Oktoberfest Keynote: — Copper, Silver and Gold -

Nov’21 — American Recyclers Association Conference — Clean Energy and EV Minerals
Demand Outlook

March‘22 - Investing News Network Interview: Silver Mine Supply Needs to Double,
What's in Store for Prices?

March‘22 — IPMI AutoCat & Fuel Cell Conference — H, Economy & Clean Energy Mineral
Constraints

June’22 - Silver Institute — White Paper: Silver Brazing and Solder Alloys

June’22 - OreDay 2022 Keynote: Clean Energy Mineral Constraints Keynote Speaker
June’22 - IPMI Annual Conference: The H, Economy: Key Hurdles and Opportunities

July’23: Nobel6 Podcast: The reason we need a Large Scale Energy Storage Solution!
July‘23 — RedCloud: Cu, Ni, Zn, PGMs in the Clean Energy Transition
Sept’23: NY Chapter IPMI: Future of PGMs

Sept’23: Kitco Interview — topics TBD

Dec’23: ICEPAG 2023 - Critical Mineral Constraints

Mar’24 IPMI Auto Catalyst & Fuel Cell Conference — Topic TBD
July’24 IPMI Annual Conference — Topic H, Economy

Precious Metals Commodity Management LLC

News Interview & Events

Pre-PDAC Mining Showcase

Keynote Presentation

Matt Watson g<jjee)
Founder, Precious Metals Commodity Management News

Platinum group metals demand to soar in
face of biggest dilemma in history

4 . )
My ongoing mantra:

This will be the century of Clean
Energy and Mineral Constraints.

- /
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supply must

become more
efficient!



https://youtu.be/ov3s0DUFg3c
https://youtu.be/zgb6oy0OJM0
https://youtu.be/zgb6oy0OJM0
https://youtu.be/zgb6oy0OJM0
https://youtu.be/ov3s0DUFg3c
https://www.pv-magazine.com/2021/03/04/silver-currently-accounts-for-10-of-pv-module-costs/
https://www.silverinstitute.org/wp-content/uploads/2021/05/SilverElectronics_MmktTR2021v.pdf
https://youtu.be/i5KuFy1YM3s
https://youtu.be/rVhuHJ8JNX8
https://youtu.be/fIegDmRKI9I
https://www.kitco.com/news/2021-10-15/-It-s-just-outlandish-Matt-Watson-on-EV-uptake-and-mineral-demand.html
https://youtu.be/UygOMZrESrg
https://www.silverinstitute.org/wp-content/uploads/2022/06/SilverInBrazingAndAlloyMaterials_MmktTR2022.pdf
https://youtu.be/ew3dAp0Hspc
https://youtu.be/2fIaguAXKLA
https://youtu.be/t9WWmCdfou0
https://youtu.be/rVhuHJ8JNX8
https://youtu.be/i5KuFy1YM3s
https://youtu.be/fIegDmRKI9I
https://www.kitco.com/news/2021-10-15/-It-s-just-outlandish-Matt-Watson-on-EV-uptake-and-mineral-demand.html
https://youtu.be/ew3dAp0Hspc
https://youtu.be/UygOMZrESrg
https://youtu.be/ew3dAp0Hspc
https://youtu.be/t9WWmCdfou0
https://youtu.be/2fIaguAXKLA

Precious Metals Commodity Management LLC

DISCLAIMER

* Precious Metals Commodity Management LLC works to ensure the accuracy of the information
and materials contained in this report, but makes no warranty as to accuracy, completeness for
any particular purpose. PMCM LLC accepts no liability whatsoever in respect of reliance placed by
the user on information and materials contained in this report, which are utilized expressly at the
user’s own risk.

e A decision to invest in any regulated precious metal related products or any other regulated
products, securities or investments should not be made in reliance on any of the information or
materials in this report. Before making any investment decision, prospective investors should
seek advice from their financial, legal, tax and accounting advisers, take into account their
individual financial needs and circumstances and carefully consider the risks associated with such
investment decisions. This report does not, and should not be construed as acting to, sponsor,
advocate, endorse or promote any regulated precious metal related products or any other
regulated products, securities or investments.
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