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Introduction

This project investigates the future needs of

Cobalt Nickel Platinum**
o | materials related to fuel cells for PEM and N : e
SOFC used in road transport. We estimate the 8 | ’ , 13 s Dermond Seemaro
cumulative demand for fuel cell specific ¢ : H
materials for a global scenario with high .4 o . v
hydrogen use until 2050. We compare this ) :2 - lx; - 1x‘- - Low Demand Scenaro
estimate with global resource reserves to P om0 2050 S0 2050 2050 B 050 2050

Figure 5. EU annual material demand for Cobalt, Nickel and Platinum in 2030 and 2050

nderstand supply chain bottlenecks.
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Fli'gure 1. Hyundai N Vision 74 ‘Hydrogen Fuel Cell Car.

Figure 16. EU fleet of fuel cell electric vehicles according to the three explored scenarios

Platinum accounts for half of the cost of a fuel cell

EU - Fuel Cell Electric Vehicle Fleet .. . .
stack. Of the remaining materials, Nickel and Cobalt

HDS
make up the majority of the remaining portion of the

O bj ECtiVES: . | MbSN cost of the fuel cell.

Here we estimate the amount of these three raw

A global scenario with high hydrogen use until 2050.

Fleet [million vehicles)

20 materials used.We fit the three raw materials to the
How many (critical) raw materials that are needed for fuel cells if using PEM or SOFCs. | 05 projected demand in 2030 and 2050 and integrate the
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use until 2050. Compare how the potentla cumulative (crltlca ) raw material use relate to the current The related CRMs: Platinum, Cobalt, Nickel.
production of the raw materials. Figure 6. EU fleet of fuel cell electric vehicles according to the three explored scenarios Sl
LDS - LTS Baseline: considers the EU legally binding targets by 2030 and targets a 64 % reduction
of GHG emissions by 2050. 7.8tin 2030, 29.25t in 2050. Total 2030-2050: 370.5t
MDS - LTS 1.5° CTechnical: considers the EU legally binding targets by 2030 (hence it is identical Cobalt:
to the LTS Baseline until this date) and targets a 100 % reduction of GHG emissions by 2050. (the 17.1kt in 2030. 45kt in 2050. Total 2030-2050: 621kt
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(European Commission, 2019).

Light-duty vehicles Heavy trucks  Aviation and shipping Other

m60 ......... o ................................................................................................................................. Globally’ road Vehicles emitted more Coz than North
C O o
. _ . . .
’ America’s energy - related carbon emissions in 2021, Current Production VS Future Demand
with oil products accounting for 90% of energy
20 consumption. However, the NZE Scenario aims to o : R RSN Lt R L N i et
. : 12000 2 Ny 86 25
decrease the share of oil products in road transport : ot | osources | Millon tonnes | 230,0001) | (1204 | 2100|180 |ore7 |48 e
2021 2030 2050 2021 2030 2050 2021 2030 2050 2021 2030 2050 . S oo < |Reserves | Millon tonnes | 21 71 [0.069 870 |94 065 [120 [na.
M Oil m Natural gas mCoal = Electricity m Bioenergy M Hydrogen and hydrogen-based fuels demand and end new Sales Of ICE VEthIES by 2045, é pe : Global pro- | Thousand 86 144 ?P‘:4(-)/186 20400 12610 |26.5 (253 -
® STEPS 4,000 - amm . & |duction 2019 | tonnes P ’ ’ ' :
. . . . coeo S - % & Pd: 0.227) 30.7)
eccerao With EVS dominating in road transport by 2030. The RSP [ ] 008 o Cranae 2070 | s n T
Direct electicity use is key fo decarbonising road fransport and ral: hydrogen and ) Por >y Lt Ll lit i ittt e oroducton |versus 700a |*T1O% |4TTO% oy pgn, #110% | 4288% | 191% |+341% |+400%
hydrogen-based fuels play a major role in aviation and shipping EIECt”f'Cat'On Of heaVY'd Uty VEhICIES and the rapld 3 : 3 i ; i f i 3 g 3 i 3 g f g 3 i 3 : 3 i 3 : 3 i f : [Data source: (Boubault, 2019; USGS, 2021a; b; ¢; d; e; f; g) *resources in the oceans Li: Yang et al. (2018); Co:
Note: Light-duty vehicles include passenger light-duty vehicles and light commercial vehicles. Other includes FT Methane] DME | MeON [Hacomb] FCEV | BEV T Methane] DME | MeOH |H2comb] FCEV | BEV USGS (2021), ™ (Boubault 2019)].
two/three-wheelers, buses, rail, pipeline and non-specified. STEPS = Stated Policies Scenario. rollout of recharging infrastructure are crucial to L Table 3: Resources, reserves and global production of selected raw materials
Figure 2. Final energy consumption in transport by source and mode in the achieving this g08| , and by 2050, the road transport _l”’ In Figure 7, we can see that the demand for PGMs will reach 180% in 2050. At
NZE scenario, 2021-2050. . . . .. : : : : ..
sector is almost entlrely decarbonised. Figure 7: Total annual PGM demand in the 100% scenarios in 2030 (left) the same time, FCEV demand for PGMs is the highest for different industrial
and 2050 (right). uses. This means that for Europe, the demand for PGMs will be much higher
2021 2030 2050 . thantherange of its production capacity.
Oil products 90 75 7 o .
: . . ¢ InFigue 8, we can see that FCEV's demand for cobalt is not really that high,
EICAUES and Teue 13 L 2 Only the remaining ICE heavy duty trucks ’
gas y 9 y y - 3 and that even the production in 2019 can meet its demand for cobalt.
gj;trgggn é ;LO EE contributes to 200Mt of CO2 emission, 3% of i ' ... However, itis worth noting that European mobility demand as share of
~yp—— —r I : o 5 . : 0 . :
CO2 emission 5.9Gt 200Mt 2021’ hydrogen and hydrogen fuel cell eevseseesveeserrreali g :’:!E’:E!EE’:E!E!!E’:: , production in 2019 reaches a staggering 300% by 2050. We see this as the
mass production of BEVs placing a higher demand on cobalt production. In
Table 1. Road vehicles energy consuption (%) produces over 25% of road transport energy. R Y vacomt | rev | bev | | 61 |methone| v this environment, there could also be a situation where capacity does not
* i i P - meet the demand for FCEVs.
N 2050 e In Figure 9, the solid red line is Nickel’s global resources, and the dotted black
ow Fi 8: Total | cobaltd din the 100% iosin 2030
90% of enerav consumbption is made bv oil igure &: Total annual cobalt demand in the o scenariosin line is its global reserves. it is clear that with current production and stocks,
0
9y P y (top) and 2050 (bottom) there is no mismatch between production and demand for nickel.
products and electricity takes less than 1%, ;- o
8 80 = Recycling rate mobile sector [Source
which produces 5.9 Gt CO2 emission. ———————————————————— " = =
° ° 50 g PGM 55 % European Commission (2020b);
From: IEA 2022 Chapter 3 A e e . °. .. . w0 — - e
g : - “eeea, . - * o nea, e : Table 4: Applied recyling rates for selected materials.
3O|III||“”|I|IIIII“| ““ll“”“llllln“lg"“ , o
SER R B ER EE Y EFE EREE EFV EFE FEE EFE EEE EFL From the table it could be seen that the recycle rate of raw materials like

L LN L A A L S L LA A A copper and lithium is considerable, almost fully recycled. But for critical ones,

o
P E M/ S O F CS Ra W M a te rl a I S s 127+ Uk transport sector semand === Globalreserves cobalt and PGM, especially PGM the rate is quite low. However, considering
catalyst (SOFC), in wires and

Global resources ®  European transport sector demand 2021 - 2050 as share of reserves
conductive parts

— | - Nickel: for coating the bipolar h
@ 5 plates, in the composition of CO n c I u S I O n

the rare resources, recycling critical raw materials as secondary production is
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with the EU27+UK transport sector in the 100% scenarios.
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