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WMEF Criticality assessment methodology Suaterns Opram

= Robust and traceable KPIs for identifying critical raw materials for industry
= Methodology is based on 7 quantitative and qualitative KPIs, with Environmental Performance introduced in 2021
= |n 2022, change of Political exposure indicator from Fraser to World Bank WGI
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2022 C”tlca“ty Assessment results by BRGM, CRU & McK|nsey @& VATERALS @hrgm

H we| Red elements combine:
= =7 N[ ¢ 3 T
WMF 2022
| ! - i ﬂ' " "1™ | = Rolein electrification &
Na |( Mg ) .y |- s energy transition
N N/

35 36

ar || kr Long term uncertainties

iE] 20
K Ca

53 54

raE | I x 75 76 6] EE
QOOOEE | | HREOE
AN AN
ar it 39 40 4 43 447 457 3 47 48 49 .
Rb [| sr|l v || zr || NB ;Mo H Tc Ag || cd || m 1 || xe| = Shortterm supply chain
p— o bottlenecks
55 BE a7-71 73 K=} Fi v 78 79 an r a2 a3 a4 a5 ae
Cs Ba |:iantha-; @ Ta . Re Os Ir Pt (Au Hg ﬂ Pb Po At Rn
S )D A = Limited substitution

87 B3| 88503

Fro|| Ra | aci. possibilities

57 5a £1 62 B3 B4 514 E7 ] ] 70 hl
Lanthanides: | La Ce Pm Sm Eu Gd Th Ho Er Tm Yb Lu
Very high degree of risks

39 a0 = 92 93 94 95 96
Actinides: | AC Th Pa u Np Pu Am Cm

L___AL__—‘
|

High probability of risk occurrence

| . .

Risk occurrence to be closely followed

O Less critical in 2022: 10 elements — Cr, Ge, Se, Sb, Te, Hf, Au, Hg, Ti, Bi D Low probability of risk occurrence
] Low degree of risks

O More critical in 2022: 13 elements — Li, C, Mg, Al, Sc, Ti, V, Mo, Ru, Th, Pd, Os, Ir

Note: Elements in white have not been assessed 3



2022 : focus on criteria 2: Uncertainty of supply

Sareras Opram

= Supply cliffs anticipated for energy transition metals due in particular to:

Financing challenges
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» Russia = strategic position on several
supply chains

Russian shares in global mining production

o Although <30% at the world level, 1-5 9, 15-30 %
Russia is responsible for a great |
diversity of metals production | 5-15% > 30%
o The highest is for palladium (37%) H He
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and key role on bottlenecks
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o Commercial routes affected in CIS
countries (e.g. Kazakhstan)



Palladium case study: long term and global impacts S uareras Oy

= Geopolitical exposure and sanctions

o Russia 2" supplier of Pd in 2021 after South Africa PGM production in Russia in 2021 (Heraeus)

o April 2022: London Platinum and Palladium Market PGM Pd Pt Rh Ir Ru
(LPPM) and CME Group removed 2 Russian ond ond ond 3rd ard
refiners from accredited lists - exclusion of newly Global rank (37%) (9.5%) (9.1%) (6.8%) (3.3%)

minted ingots - price reaction

» Future supply-demand balance at risk

Platinum, palladium and gold prices
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SpeCific |mpaCtS Of Ukraine,s inVaSion on EU Supply Cha|ns mMATER'ALS @hrgm

= EU dependency exposure

hig h “g hted Russian shares on total EU imports for strategic raw materials®
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o Need to integrate responsible Source : European Commission, 2020

m|n|ng |n EU taxonomy * Based on trade data (2012-2018), % of total imported tonnages by category



Aluminium case study: short term and European

Dvareras Oprgin

= EU Geopolitical exposure on alumina and aluminium products
o Russia: 15%-20% of EU imports of primary Al products (~1 Mt/y of Al)

o Rusal’s positioned as a key supplier of alumina, mainly through the Aughinish
refinery in Ireland (~85% of France supply) used by aluminium producers

= Reinforced tightness on the aluminium market

o Prior to Russia’s invasion:
o Supply cuts in China to contain CO, emissions

o Prohibitive production costs in Europe linked to higher energy prices leading
to cuts (close to 750 kt off the market)

o LME stocks at the lowest since 17 years - Global stocks continuous
decrease

= Short term consequences of the war

o March 2022 : fears from financial sanctions = Aluminum price rally
o Sanctions materialized by UK asset freeze on Rusal’'s owner Deripaska
o Rusal’s Nikolaev Al-refinery in Ukraine halted
o Continued closures in Europe (Essen plant, Trimet, Germany — 35 kt)
o According to Goldman Sachs "900 kt/year production at risk due to loss of

alumina supply as result of eventual suspension of primary smelting capacity in
Russia"
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