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Figure 1Global adoption of FCEVs is expected to accelerate dramatically
under both policy-based and commercially-enhanced scenarios
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Figure 2 Broad-based commercial adoption of FCEVs could see addition
al platinum demand reach current automotive levels by 2033
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\WPIC’s Platinum Essentials is a publication which explores topics affecting platinum as an asset class. This is different to Platinum Perspectives,
which is a monthly publication which looks at a specific topic affecting supply demand dynamics for platinum and gives our view.
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Figure 3 Global adoption of FCEVs is expected to accelerate dramatically
under both policy-driven and commercially-enhanced scenarios
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Figure 4 Broad based commercial adoption of FCEV could see automotiv
e demand for platinum reach current automotive demand by the early 203
0’s
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Figure 5 Fuel cell schematic
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Figure 6 FCEV schematic, showing the fuel cell, electric motor, and small
supplementary battery pack
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Source: How Do Fuel Cell Electric Vehicles Work Using Hydrogen? 2021. U.S. Department of Energy Alternative Fuels Data
Center. Accessed February 3, 2022. afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work
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Figure 7 BEV schematic, showing the electric motor and large, heavy batt
ery pack
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Source How Do All-Electric Cars Work? 2021. U.S. Department of Energy Alternative Fuels Data Center. Accessed February
3, 2022. afdc.energy.gov/vehicles/how-do-all-electric-cars-work

Figure 8 MHEV schematic, showing the battery pack and (gasoline or low
-CO, diesel) ICE with ancillary electric motor
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Source: How Do Hybrid Electric Cars Work? 2021. U.S. Department of Energy Alternative Fuels Data Center. Accessed Febr
uary 3, 2022. afdc.energy.gov/vehicles/how-do-hybrid-electric-cars-work
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Figure 9 Per vehicle refuelling costs for FCEV fall with increasing fleet siz
e, whereas the additional grid upgrade costs for BEVs continue to grow w

ith the fleet
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Figure 10 FCEVs fare well on comparative total life cycle greenhouse gas emissions, both today and on future proj

ections

Total Life Cycle GHG Emissions for Current (2020) and Future
(2050) Fuels and Vehicle Technologies for Small SUVs
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Source: U.S. Department of Energy, Office of Vehicle Technologies, Hydrogen and Fuel Cell Technologies & Bioenergy Technologies, Note: FCEV = fuel cell electric vehicle. HEV = hybrid-elec
tric vehicle. BEV = battery-electric vehicle. PHEV50 = plug-in hybrid electric vehicle with 50-mile electric range. ICE = internal combustion engine. NG = natural gas. E85 = 85% ethanol and 15

% gasoline. LFG = landfill gas
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Figure 11 Select green hydrogen and FCEV policies and funding

Country 2030 deeoxment targets Public investment committed
Australia N/A A$1.3B (US$0.9B)
Canada C$25M by 2026 (US$19M)
US$20M p.a.
California 200 HRS by 2025 Grants of US$4,500 to US$9,500
per FCEV
China 110%%0H0F?g ESEX;O No coordinated central funding or

subsidies as yet
€3.8B by 2030 (US$4.3B)

2,000 HRS by 2035
EU 40GW electrolysis
6.5GW electrolysis
20,000-50,000 LV
800-2,000 HD
400-1,000 HRS
5GW electrolysis
800,000 FCEV
1,200 FC bauses
10,000 FC forklifts
900 HRS
Annual production of 6.2M FCEV
1,200 HRS
80,000 FC taxis
40,000 FC buses
30,000 FC trucks
15GW stationary FC produced

France €7.2B by 2030 (US$8.2B)

Germany €9B by 2030 (US$10.3B)

Japan ¥699.6B by 2030 (US$6.5B)

South Korea ¥W2.6T by 2030 (US$2.2B)

30,000 FCEV
Netherlands 3,000 FC HV €70Mpa (US$80Mpa)
4AGW electrolysis
Spain 5,000-7,500 FCEV (LV+HV) €1.68 (US$1.88)

100-200 FC buses
100-150 HRS

ce: IEA, DOE, ICCT, WPIC Research
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Figure 12 Chart of weekly average European day-ahead gas prices (Peg
as); Note that spot prices of >€140/MWh equate to >US$6/kg H2
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Figure 13 Toyota Mirai FCEV, available to buy or lease now

Source: Toyota Motor Corporation
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Figure 14 Zerro FCEV Ambulance
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Figure 15 Hyundai Xcient fuel cell truck implemented in Switzerland for fa
st moving consumer goods transport

Source: Hyundai Motor Company
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Figure 16 IDTechEx estimates that the HD segment could deliver signific
ant emission reductions switching to FCEVs using green hydrogen
1400

HDT GreenH2 BlueH2 GreyH2 EUavg.

2019

2030

1

2030 2030 2019 20189 2019
J

£ 1192
_
< 4200 -
a8 1,046 .
8 - IDTechEx
% 1000
2
S 800 | =792 676
: = 550 -
§ 600 e84 =
L
o 368 613
O 400 -
. _ 3;8 1o
200 g4 s 1 24 -
v 20 80 0 o7
Diesel FC-HDT FC-HDT FC-HDT BEV-HDT BEV-HDT BEV-HDT BEVY-HDT

France Germany EUavg.
2030

r ——

2030 H2 carbon intensity 2030 EU grid average
carbon emission intensity

Heavy-duty Truck Powertrain Technology (and year of deployment)

Source: Hyundai Motor Company

14

HD X}2F0] AfX[3lE= HIZFL
10%0) Eafsfx/aF 24 7FA

4y

=
&2

43%0f) =ttt



[ &4 = (European Environmental Bureau)2 2017 A, 24t

A MEI7F JMA EF olHX| 2] 36%E AMESHD, O|ASbEFA
345| Ol4X|e] BR0lE= 39%E AMESICID LEINCE oﬁ% E
Of A= 220 20| A2t 134 2|2l C|E GEE ALE
= ATYOM MY X[ ALESH HEE A = AL
CHe RAS ZHXD Qo] ZAIR EZo|L 24| =

ol =912 II-HlOl EFAA SO & Z40|C} WPIC I:HIH-|O|
Z 2tE|E(Anglo American Platinum)2 2034 H7tX| &
Z3tsl 400 CHO| &4t E=Z FCEV 2 Metsiit= 5

HJIO
H
ot
o

¥ o
oI-L—'J_

C
=3
- I

r

i

re ju
ik
A

0]10 oH

> 02 Hu [m 3!
m

o

oo\lﬂrol'
oo
S Uoon g X 2k

0=
o 1B

|I>|
Of
Ir

mw&g
i Ho mp

Fl
3o
inl

HSo0| sIxf C|™ 7| 2HAIE
= = =

MIA ZERI0 M= CHet gA =
ofgq{2, X[Mo[Lt 2Tl =MS %é!

O 2 H3}(electrify)st?
|

ARE MY 2 F0

|0 01>I
°

Hu
o=
Ralliln]

Hu o
A e

I
Cf.

[} o

Figure 17 Anglo American Platinum mine truck

!

-

Source: Anglo American

Figure 18 FCEV bus falls into the HD category

Source: Ballard
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Figure 19 Increasing economies of scale are key to bringing down fuel cel
| system costs

2021 HDV Stack Cost Breakdown at all Production Volumes
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Figure 22. Policy-based LCV FCEV production is domi Figure 23. China still dominates in the commercially-en
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Figure 24. Policy-based HD FCEV production is domin Figure 25. China still dominates in the commercially-en

ated by China, followed by Europe and Japan hanced HD scenario but output from RoW kicks up con

siderably as does production in North America
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Figure 28. Solaris Bus and Coach expects FCEVs to make up 12.5% of t
he European bus fleet by 2030
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Figure 29. FCEV - Estimated regional average power per vehicle by cate

gory
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Figure 30. FCEV demand for platinum reaches more th
an 1Moz by 2030 in the policy driven scenario, and alm
ost 4Moz by 2040
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Figure 31. The relatively greater market penetration of
HD FCEVs in the commercially enhanced scenario bo
osts platinum demand due to higher HD loadings

8,000
6,000
2 4,000
2,000 -
0
r@'i{\ qsgi’} rﬁ;ﬁ"\ ‘_19'1',\'\ qsgé‘ qsgb qsgb"} @5‘5\ ,19“3\‘\ r@@
mNorth America m\Western Europe = Japan = China ©IRoW

Source: WPIC Research

21



S0 E 2 XOo|2hs AFAM EAS O, M 7|8 AlLt2[2 o

=
oM dxtet ddEXte| =20t ST MF2 +=2&= HSE +£€ A2
2 O ¢Et &85t SHEUS BR0= S A JUHH2z =
2 ATEEEI WF o FUoR At HYEXNE I YK NE YEH /S 2 A=
2 $7t $ME Myot Xpolof Q2+ QloL) ARFA

N YL T AH S HE[ == FL.
SHA|H && ALt 20| HRHR|= EHZOILE AF ALO|0Ae] =2t

o [y
o] 7tset REdE «d1 flen, 1 ez 222 od Ko7t &
S QloLt MAEQ ARMK| MM HF $0 HY2 2| Mz

Figure 32. FCEV demand for platinum reaches is more  Figure 33. The relatively greater market penetration of

tlhan 1Moz b%ZO?’O in the policy driven scenario, and  hp FCEvs in the commercially enhanced scenario boo
almost 4Moz by 2040 sts platinum demand due to higher HD loadings

8000 8000

6000 6000

8 4000 l 8 4000 IIIIIIl

2000 ll 2000 II
IIIIII .|||

SNRIRERERE5833885882 AL NGO AR
SRRSRSRSIRIRIRRRKRRRKR BB BT DT BT DT P D
LV - LCV mHD LV ~ LCV mHD

Source: WPIC Research Source: WPIC Research
ICE CHH| FCEV HT

2022 A Hut7|o] RpE At AR, CHA| RS HOfHSr| ALtof M Zlot
B E Q& 3,129 koz(1,000 2A)E 7|23 Mo|Ct,

FCEV £ 22| A7t ¥ig 27t O] +=X|& HoiMe A2 Y 7|8 ALt

2|QE 7|FE2R 2039 Aol YOICt ICE 2| AlCh7t E& RHO[F Z0|2t=

FHO| HAIE2E AeLt, D2EH AL d&8 D3US W Ol fepy e 3 202, 0/=25
SALNO|X| ROIC). ICE A2 HAH Bi7|7kA et &l ACRE 5p33 90y sy KpEX EZ0)A
Y 7|zt s¢t Akt LM Saet XIS KB AOILL SIS 8 mrygie Ap= mapxre -~ oy
A 7|8 AILIE| @ FA} FCEV Of M5 +=Q7F HAIHe At 2 +2 '
£ gold Aojgte MY S MAIM2D, O] 20| ICEQ| ¥ =20 H

o2 Aol2t= o= #eol gt (A B0 oM = ol= "Z4/E/ 5

& NN =t oIFZ0lLt)

20334 2oz
k. o] 822

2022 A AHE7|O| XpS X} & U
ok +F02, 5 487 33 4D HISS
C 0 L4 o

0
W3 49 NBES HEE 4
Zo| =Zoz 2 7H5H0| Lt
AZIBME M SxF 292 U 4+ AU
HOICE FATLE MY B2l 208 A
= AEHR|o| Z0f FRUS SO{0F T I
HIMNE FCEV $8 4EDH2 243 Ho2, 2l 44 MMo| Mol
PEM %18} JH|o] 2FO|L} Jof BRE WF +9, M YXE ¢
SOROA A0l GIBFX|, Jo|n DY AWM Ly 4 9l
+90| A= CHRX| 2Tt

22



Figure 34. FCEV demand for platinum
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