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Disclaimer

The IEA HEV TCP ijs part of a network of autonomous collaborative partnerships focused on a wide range
of energy technologies known as Technology Collaboration Programmes or TCPs. The TCPs are organised

under the auspices of the International Energy Agency (IEA), but the TCPs are functionally and legally
autonomous. Views, findings and publications of the HEV TCP do not necessarily represent the views or

policies of the IEA Secretariat or its individual member countries.

Views, findings and publications of the Task 40 CRM4EV IEA HEV TCP do not necessarily represent the
views or policies of the IEA Secretarial, IEA HEV TCP or its individual member countries. Nor does it

necessarily represent the individual Task 40 participants.
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IEA HEV Task 40 CRM4EV
Connecting the raw material industry with electromobility

® Mission

® To supply objective information to the Task 40 participants & to governmental policy makers and
agencies, industry decision makers and research institutes

® To facilitate international collaboration involving shared resources from multiple countries and
organisations

W Scope

® Raising awareness: experts networks, workshops, publications, and communication.

® Define supply and demand scenarios for key EV raw materials

, mﬂﬁtmmu
CRM4EV Website: crm4ev.org 0 0 0O
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Task 40 participating countries and organisations

Japan is represented by JOGMEC and Western Australia by MRIWA
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Scope of HEV-TCP Task 40

EVs and Critical Raw Materials:

Stakeholders need reliable, transparent & up to date information on

Electric Vehicles - Demand
How many, when, which type

When and to what extend will
mass deployment happen

How EV technologies evolve:
impact the type and quantity
of CRMs required (per unit)

Critical Raw Materials - Supply
Li — Ni — Co — Cu - Graphite — Rare Earths
Supply risks at short and long term
Environmental impacts - LCA
Social impacts

Recycling and the circular economy
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Task 40 CRM4EV: Electric vehicle scenarios

Scenarios for 2025, 2030, 2035 EV deployment and raw material needs

Scenarios for 2050 « full transition » & « circular economy »

How many EVs, which type and when?
® BEV passenger cars only

® Battery size, lifetime?

® Impact autonomous vehicles and shared « ownership »?

Build in « robustness » for battery chemistry evolution

® Different chemistries, different applications (vehicles and uses)

Timelines for evolving chemistries

o
® Transition to solid state batteries
o

Nickel-Cobalt based developing to high nickel — low cobalt

Confidential

e-Shipping
Full electric passenger cars e-Aviation
(BEV)
Nickel based chemistries dominate a-HDV

Energy Storage (ESS)

Light commercial vehicles

PHEV (cars)

Other battery applications
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Passenger carsales in Millions
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A range of BEV growth scenarios is developed
Covering all current forecasts & national / COP 21 ambitions

Transition of current EV growth markets to BEV
CRMA4EV scenario "Transition Current EV markets"

Passenger car growth 1.5% per year till 2035, 0% growth 2035-2050
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6 BEV YoY growth scenrios
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2046
2047
2048
2049
2050

Continuation of the current growth
rate of 50% YoY results in a full
transition by 2030

30-40% growth results in a
transition around 2035
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Demand for batteries will increase faster then the growth in BEVs
Longer battery lifetimes may impact demand substantially after 2035
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Battery demand in GWh for BEVs (passenger cars)

Current EV growth markets
6 BEV growth scenarios (15-50% growth year-on-year)
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® Battery size increasing to 65kWh in
2030 and gradually decreasing after
2035 to 50 kWh in 2050

®w More efficient vehicles

® Improved charging infrastructure (+
wireless)

® Consumer used to electric vehicles

® Overall demand decreasing with
zero growth in PCs after 2035 and
smaller batteries
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Nickel demand for BEV (car) batteries

Longer battery lifetimes and changing chemistries may impact demand substantially after 2035

Scenario parameters:

Nickel requirement BEV passenger cars in kilotons per year
CRMAEV Scenario "Transition current EV market & accelerated shift ® Battery chemistry for BEV (cars)

to high Nickel -1 Cobalt batt hemistires" : :
O BN TILKE] T IOW LODaT BATEry CREMIStes based on NMC/NCA evolving to high
6 BEV YoY growth scenarios for passenger cars

2500 Nickel
4000 ® Battery size increasing to 65kWh in
3500 _
2000 2030 and gradually decreasing after
2500 2035 to 50 kWh in 2050
2000 o _
1500 ® Battery lifetime is equal to vehicle
1000 lifetime: 15 years
500
0 - Nickel based battery chemistry is continued in this
e Ra ANl RNl R Mo mMad SIS STTISISSIER scenario till 2050; however competitive chemistries
SRRRSSSRRRSRRRSSRRRRSRRRRSSRRRRRR]R . . .
with low or without nickel may be developed
——Current 50% 40% 30% 25% —20% —15%
: T : : : , CRMA4LEV
Current Nickel production is 2,000 kilo tons (of which 3% is for batteries) .
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Nickel production - reserves - resources

Reserves: ore body known and extraction viable / Resources: future expected reserves
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Nickel: I\{ Nickel

%l INSTITUTE

Current and Future Availability

Current mine
Production:
2.1 million t

Offshore & onshore
Nickel reserve basis
Around 600 million't

Historically
mined nickel
60 million t

Onshore nickel
reserve basis
296 million t

600 million tons of nickel available for current and future generations

Overall conclusion on mining and
metals production

Top 5 mining facts

* Wide spread in nickel
mining countries

* Wide spread in nickel
producing countries

* Nickel metal from
sulfidic and lateritic ore

* Growth mainly in
production from
lateritic ores

* China became major
player in nickel
production

N Nickel

INSTITUTE

CRM4EV
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Source: Mark Mistry, %Bﬂﬁﬁgmfsp Nov 2018
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BATTERIES

Nickel for EV-batteries

NICKEL SULPHATE IS THE PRODUCT NEEDED FOR

Nickel beneficiation route

Mine cutput and Intermediabe
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With economics limiting suitability of some nickel products
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metal
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i intermediates

suitability for
battery market
Class Il products are foo expensive

to purify and dissolve although
non-ferrous Class || a candidate

supply ability
to respond

All new nickel supply
agrowth is in Nickel Pig
Iran — not suitable for
battery use

Mat all Class | products are the
same — dissolvability and
impurities differentiate

. _— . ~50% of
Shift existing production world
from nickel cathode to production
nickel sulphate is suitable

well suited although more
costly than dissolving

Mines are closing, Sapitalll
I

is being deferred. Class
is too expensive to
grow.

Very limited, cannibalizing)
nickel cathodes (not
growth)

Very limited today while
this is the most likely
candidate for future
supply growth

1
1
1
i
1
1
1
1
1
1
1
1
1
r

‘ WALE

Source: Frank Nikolic, Vale, 15 Nov 2018

Stainless steel has been the main driver
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Raw materials for Li-ion batteries: key points

« Expert » forecasts underestimating the
developments within automotive companies and
national administrations?!

Task 40 demand scenarios point to probable
(much) higher demand for raw materials then
(commonly) foreseen

Supply scenarios are needed « how fast could
supply grow » ?

Mining / refining possibly structural bottleneck,
NOT the production of cells and battery packs
with factory expansions lead-times of 1 year
(China)

HISTORICAL NICKEL PROJECT TIMELINES

fica Puma

Nickel project time frames
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Life cycle assessment In Task 40 CMR4EV

Covers entire EV lifecycle 46 EV-LCA studies reviewed

Focus on raw material mining and refining, battery production and
recycling, with data from Task 40 partners

Year of publication

14
12

10

GWP & primary energy demand, other impact categories
depending on available primary data

Number of studies

Leveraging existing LCA studies and expertise of Task partners : 2;4 2;9 | . I | I I ‘ I I
(Argonne, ivl, ifp, Joanneum Research, raw material institutes, ...)

Used literature from well-known authors

Most LCA studies show data gaps for primary material production
and battery recycling - CRMA4EV contribution to fill that gap

Ra
<

= Notter = Zackrisson Majeau-Bettez = Dunn Ellingsen

Harmonization of methodologies in existing CRM-LCA studies
(Ni, Co, Cu-Institutes)

Current / future battery chemistries to consider in LCA CRMA4EV

P> N Source: Christian Aichberger, Thesis,
AAAAAAAAAAAAAAAAAAAA
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Energy demand of raw material mining & refining

Raw materials and their relevance in view of )\( Nickel
primary energy demand
H . 4 ® |ocation is critical
. e e
(A) Cumulative Energy Demand (MJ-eq / kg) Flectrlflcatlon difficult
C N 0 F Ne In remote areas
Fossil
Si P s c | Ar
fuels = Electrolytic process
Ge Br Kr
o Bene
= T ficiation Smelting
o Refining
Bi Po At Rn
897
Sg .
Ac-Lr** .
ectricity
Muss P. & Eckelmann M., Life Cycle Assessment of Metals: A Scientific Synthesis.
PLoS One. 2014 Jul 7;9(7):e101298. doi: 10.1371/journal.pone.0101298. eCollection 2014. v . . . . .
. ) ta | ce | pr | Nd [ Pm | sm | Bu | Gd | ™ | Dy | Ho | Ef | Tm | Yo | Lu = Companies aim at reducing fossil fuels as energy input
Group of Lanthanide |SUSIS| asa| o7 e 1360 | 7,750 4| 5820 1,170| 4400| 954 12,700 2,430 17,600 = Access to electricity difficult in remote areas
Ac | Th* | Pa | u* | Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr ® Challenges: changes in ore mineralogy
**Group of Actinide 1,260 1,270
Metals production and primary energy demand for main metals (after Nuss
S : Mark Mistry, Nickel Institut
a“d ECkEImﬂ“n 2014} ource ar I1stry, NICKel Institute CRM4EV
PN
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Recycling of EV batteries - current key issues

LI-ION BATTERY LIFECYCLE

Direct recycling minimizes%} )

steps back to use = ;-"“f* Lanae
T r T 1T W
Productis
Re(ell BigRGY 20
C RM4EV Source: Linda Gaines, Argonne
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Pyro- and hydrometallurgical processes available, but

need Economy of Scale

Direct recycling technology is still R&D topic

Battery collection

® Poor collection of portable Li-ion batteries < 10%!

® Reverse logistics EV-batteries

® Retired and damaged batteries; hazardous waste

Business case for recycling

® depends on: batt chemistries, economies of
scale, recycling technologies

® Currently main source = battery production scrap

® Who owns the battery after EoL? Car user?
OEM? Recycling company?

® Forthe next 10-15 years contribution of recycled
materials as raw material source for battery
production is expected to be rather limited.



IEA HEV CRM4EV China Workshop, N 8 2019
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Task 40 in China
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Visit our website or contact:

Bert Witkamp
Operating Agent CRM4EV

PARTICIPANTS CRITICAL RAW MATERIALS EV BATTERIES
bert@crm4ev.orqg
Discover the countries in CRM4EY together with the Discover what Critical Raw Materials are and why they EV batteries are a key aspect of electromobility. Leam
more about their importance!

national associations representing them in Task4o. are important for the future of electromaobility!

JIEA INTERNATIONAL ENERGY AGENCY

FLECTRIC

VEHICLE CRM4EV

TeoheoLee) 6 May 2019 e
CRITICAL RAW MATERIALS

PROGRAMME
ELECTRIC VEHICLES

Bert Witkamp




Thank you for your attention!

JOANNEUM RESEARCH
Forschungsgesellschaft mbH

LIFE

Center for Climate, Energy and Society J OAN N E U M \
e RESEARCH )
ience Tower LIFE /

Waagner-Biro-Stral3e 100
8020 Graz

Martin Beermann
Tel. +43 316 876-7632
martin.beermann@joanneum.at

www.joanneum.at/life

CRMA4EV
P

CRITICAL RAW MATERIALS
ELECTRIC VEHICLES




N
THE INNOVATION COMPANY HQCE)QENANE%M ))))))

LIFE

www.joanneum.at/life




	Foliennummer 1
	Disclaimer
	IEA HEV Task 40 CRM4EV�Connecting the raw material industry with electromobility
	Task 40 participating countries and organisations
	Scope of HEV-TCP Task 40
	Task 40 CRM4EV: Electric vehicle scenarios
	A range of BEV growth scenarios is developed  �Covering all current forecasts & national / COP 21 ambitions
	Demand for batteries will increase faster then the growth in BEVs�Longer battery lifetimes may impact demand substantially after 2035
	Nickel demand for BEV (car) batteries �Longer battery lifetimes and changing chemistries may impact demand substantially after 2035
	Nickel production – reserves - resources
	Nickel for EV-batteries
	Raw materials for Li-ion batteries: key points
	Life cycle assessment in Task 40 CMR4EV
	Energy demand of raw material mining & refining
	Recycling of EV batteries – current key issues
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19

