L ithium also actsa fluag reducing the temperaturs reqored for sintermg
and malting subsequently reducing ensroy cotts for production. Thie
usefidl I the production of ceramics. ghids products, slummium and
steed products such as castmy steef and iron products.

Other major end-wie applictions for ithium peoducts malde glass,
metallurgical powiders, polymensation, air Teatment and primary
batteries VWhile comparatively minoe in voldme thse applications
require spegific fithiim compounds, such 25 high purity lithium
metal in prmery battenes, kthium bromide for ar treatment and
butyllithium in polyrnarication applications

Lithium demand is now driven by the
rechargeable batteries industry.

The physical and electrochemical propertes of ithium are what male
it an id=al maizral for uis n battery eclis The smallsr lomic radius and
kighter atomic mass of lithum ioms (L) commared o other positie
ions such as sodium (Mat) or pomssiomn (K] mean it @n achiese a
higher capacity-to-weight mtio for battery oelis The omller bonic radix
of the Lt also aflows & 1o fit o the orysal strucre of graphites,
aflowing ess expEnsive graphte snodes o be wsed, and combined with
it prewier diffusion co-sfficent ako provides grester mobiity in the
battery decirolyte
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Lithium is utilised within the cathode,
anode and electrolyte of batteries,
though cathode active materials are
the dominant application area.

Lithium & comsumed in cathode actve materal (TAM) as efher
lithium carbonate: ofF Hthivm hydroside:  Uthium  comipounds
comumed in cthede materals have very strict spacfications,
parficelarly for those wed in high-energy density @thode active
maisrialk (defined 3¢ “battery-grade”).
cathode materiak b5 highly dependant upon s chemistry, with
high-nicksl ternary cathodes (NCM-NCA) contaming roughly 7=
Li, ‘while lthium-iror-phocphate (LH)  thiom-manganssefron-
phosphate (LMFP) and lithium-manganese-case (LMO) cathodes
contain 3-4% Lt in their structure,

The lithium content of

Lithium ks aleo used in anode muteralk, woch as ithium tznate,
whare the lithium content B around §%. Lithium metal anodes and
prefithiation for siicon-besed matemals will also consume additional
quantities of ithium goms orward,

Rechargesble latteries accountzd for B5E of total lithium demand in
2024, cornpared 1o 40 m 201 5 The rarket share is ==t o inorease
further dunrg the J020s; with the use of Li-ion technologies in
high growth applaations weh 33 sleciric vehid=s (Bs) and battery
Energy storage systems (E55)

Lithiem sappdy and| demand & efter renoreed in [(F {ishion arbonote equrisne), s fitfiem corbenats (1EC0F) hes bistoriooly been, and comtimees 1o be, the most widely
prrecieed oned ke ithiorn compeond Frodsioroly. v hydosios wos rodases! frem mrbonate and i wes ol in e st deods shot e soleres. of hydotids wes

et diruly from spodemene e By convesting the Joom nanber of lishien mempymireds oned prodes e [T i e oympeison for imestoe, resbene and Ddnry

fiyers te mate more nformed dedgons

Theoretical concentration conversions for lithium compounds

COMPOLUMD

|

Li (100% Li)
Lithium Cuide {Lithia) Li D (#6.4% Li)
Lithinm Floaride LiF (26.8% Li)
Lithium Carbonats

Lithiur Hydroside Manohydrats

Li.CO, (18.8% LI)

LiOH (29% Li)
LiCI (16.3% Li)
Li SO, (12.55% Li)
LiOCI (11.89% Li)
C, M Li (10.83% LT)
LiBr (8.0% Li)

Li PO, (18% Li)

Lt Chlere]
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Current state of battery

technology

Lithium-ion batteries work by moving lithium ions between the electrodes
and the external circuit, which generates power.

During charging, & lithium won 5 lberated from the

migrates through the electrolyte towards the snode, and inserts
bhetvirgen the graphite plane< at the anod= When the battery &
being used (discharged), the lithium lons move from the Enode
to cathode, then fiow through the external circuit to provide

slectrical ensrgy,

The capacity of the cathode definet tha capacity of the battery.

Currently, ther= are a3 mix of cthods chemisines heing used
arcund the world, where the choice mosty depends on cost
anc performance reguiremants. Thesz factors have led to the
smergence of two oritital aizgoens of athede chemisiry: lran-

based and Mickel-based,

How a lithium-ion battery works

{A) Battery charglng
Elestron l 1 SRy Cuprrant
Ficow ey

Suﬂﬂmm!—l

Cathoda Ancde
Mintering Mabarial

ror-bovseed chwesistries, 1usth o s o phashbote (1FF), boesesn o recst
rEsapEacE in adogsion due to the dive tn edoce pradeciion ot ond regional
b out i produrtion: ozpacy i Ching Athooh the snerpy deessy of an [AP
battery i bowes than o ke boed bottery. the: liwer oot of prodocfion and
fone cpoe life mok= it very well suited fiie entrp to midhere! £V and botrery E55

appiiomiors. Corgdomide work &5 arrendy fonssd on the odditien of monmme=s
o [Pt form Bfdem monpoees oo phosphare (IMFP] [MAP ool o
o hisher enerpy demity thin LFP cofs ond s oim t oumpete wih NOM an

HEEERATIONAL
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cEthoede,

nnnda[ }  Cathodels)

Chutside of lithiurm-ion, sodium-an has received sgnificent attention
as 2n alternative 1o fower producion costs Dues bo sodium-sons
mtrinsizally lower energy density, £ will ety b= reserved for
znplications that do not requee such performance, sech 33 m B35

and for small, low-rz2nge urban EVs:

Hydrogen fuel cell electric vehidles (FCEYS) also recerve much
attzntion as an alterpative to lithium-lon. Although thers an

some FCEY models available, <afes figures are significantly lower
than EYs. As such, FCEYs are not expected to gain significant
market chire to 2040 and may only ever serve more hiche

applicatione.

(B) Battery In use
Currsn] Ehetron
Flonw Flenw

Cothode ———
Materinl

Sounce Menye: | et al, (2025). (1033 90en | BO20342)

Micknl-bosed  chemisirios =ah a5 NOM =il remain @ popular dhoice for
hariffotion due o the imtEoved performmnce bensfis of e enegy dersiny
and o imesr volametric density — which means the seme snerpy podied in a botrery
wwith resiares] weinhf ond sire— resulting in lonmer driving mnges To diofs. oreosing
ﬂFmdﬂmEinrM?HLMhnbunumwgﬂmguﬁmﬁebm

indirstry o boost eneroy densites for jonper mnge E¥s. Mors: recently;. mist nicie!
vonionts hove el spnifioed citsntion @ o et i sshorng sy denstie
and fewering cst: By opensing the e ot higher voltgpss. midnick=l NOW am
approoch the enerpy denuty fimres of eh-nicke! MOM of 9 rediced oosr
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Rechargeable lithium-ion batteries exist in three key formats or shapes:

cylindrical, prismatic and pouch.

Ezch of these formats kave benefitsant trade-offs that makes
them more or fess suftzble for certain applications

For EV4. the choice of format breely depsnds on the battery
pack platform, vehicle type and OEM sirategy, Pramatic celk
have been favoursd by many OEMs due to the pack-evel energy
density improvements over oflindrical c2lle due to  packing
=ffiriency, and the afety anproveméents over pouch o=ils Gl

to-pack configurations. where the prismatic cells also: contribute
to structural infzgrity and improve on snergy density has been a
recent trend for mamy OEMs, partculriy in Chira.

Far battery ESS largeformat prsmatic celk are git=n fawursd
due 1o favourzble energy density, project system simplification and
cost reduction, SUch cells can resch capacities exceeding G00AR

arid contain large quantities of kthium p=r unit.

Form factor assessment of key battery characteristics

Cylindrical

Production cost

[l INTERRATIINNRL
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Battery evolution to 2040

The desire for greater performance from lithium-ion batteries will lead to
lithium being used in new and innovative ways going forward.

Research to develop betterperforming batteries have long been
undereay and will coptinue, Most impactiul for fithium s the
short- to medium-term will be the development of CAM to

snhance performance and manage prodiction costs.

Higher demand: for Bithium in the near-term will come from
the intreduction of lithium-rich layyerad owides (LLOs), which
offer energy demsity advaniages over current-generztion CAM
due to excess lithium in the Eyered structure. Moreover, the
use of higher manganese contents within LLOs will alléw for
lewer production costs, hence considerable =fort (s zimed at
commercizlisation.

The next major milestone for the battery technology will be the

commercizisation of solid-stare batteries (5585 for use m EYs,

Uinlle the liquid slzetralyt= in current lithium-lon batterizs 558
will make use of a solid electrolyte. This enables the mtroduction
of elternative anode chemistnes to achieve even higher energy
densitiet for lopger EV ranges, S58s alo have the potentil
to achieve higher safety retmgs than traditional cells due the
elmination of the flammabie iguid efectrolyte.

Commercizlisapion of 5585 m EVY applications |5 expected to begm
towirds 2030, with nitial offerings utilising silicos-enginesred
anodes, Silian siperiences large volume fluctuations during
lithsation gnd defithiztion, which results in aggravated lithium foss
and rapid capacity lade during cyding.

To manage these unwanted side-effects; pre-ithistion strategies
will be implemented by ambedding lithium in the anode active
materml (AAM) to replenish lithium consumed by these side
reactions during nitial cycless This will irevitably  generate
incremental lithium demand as sillcon anode technaldgies scale

with Increasing demand for longsr range EVs

i (rrdiompens hoe) & o mniz of slecnic charsrhow mid oment a mat=riol
o dlever over Sme

1A g = how much slctric dharpe o mezsal oo delver perEmm of s mess
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Perhaps

) most anticipated
technological

development is the
lithium-metal solid state battery,
which utilises lithium foil at the
anode and will unlock further energy
density gains over current-generation
batteries.

Lithium metzl has an electrical charge storage capacity (3,840
mARE] that is more than [0 times that of praphite (372 mAhig),
hence it has received considerable atiention,

Tha addition of lithium foil orovides' a lithium reservoir to
caunter lithium loss and provides a substrate for lithium plating
and siTipping during cycling. The addition of 2 lithium foil also
mdans there i ecess lithium within the system, as thisis surplus
to requirements given that the cathode & miting for cpacty.
Moreover, the mtroduction of lthivm sulfide solig electrolytes
to improve ionie conductivity within 558: will incrzase Tithium

camsumption further

The result of lithium meml 558 adoption is that higher quantiti=s
of lithium will be required per kWh of cell cutput, further driving
demand for the metal,

tratfed

commercally. in portable electronics because these prodocts

New  Ithium-ion battery technologes zre often

are replaced more frequently. Morsowves, the small siz of the
batterizs keeps toml energies low 2nd simplifies producton.

As a result, ithium-meta! batteries will be utilived in wearable
devices and power electronics ahead of EY commerciallsation,
which is likzly to occir in the 2030s:
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The circular economy

Battery recycling is a critical global strategy to close the loop on the lithium-
ion battery value chain by recovering valuable materials from expired cells.

Oiten, rechargeabls hatteries can Undergo a 'second liff' before
entzring the recycling valuz chain. This occors when the batiery
heath has decined to the pont where /£ 5 no longer switabke
for Its *first life" such a5 in BV, but still kas sufficient caparity for
lesz demanding us=s, Some samples are home Snergy storage
or baclkup powern 2nd low-spesd electnic vehicles such as foridifts
and golf carts.

Eventually, however, recovering metals from end of life (Eol)
and process scrap provides altermative solrces for battery-
grade materials and is fundamental to the success of the energy

transioon and development of 2 Groular eCconomy.
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Récyching lithium. becomes ‘even mors impactful for regions
whers there B po, or it maturally-occurring lithium supply,
sereh a5 Europes, Japan, South Korea and India. Here, recycling
will play a vital ral2 in providing lithium carbénate and lithium

hydroelde for wse in domestic CAM manufarture

The recydling process consists Broadly of twe stagesi pre-processing
znd materal recovery. Following the preprocessing dzgs, the
shredded scthve matenal powder & known 25 “black mass’ and &
tie miost valaable rart of the processéd contént diie to the lithium,
micke] and cobalt oontained within, The lithium mat=rel recoversd
can e ejther a battery-grade material siech & fithium carbonate, or
an intermediate product such a8 thium sulphate.

w

Raw materils

Borry hual it spinny mecured by rocting the member of full dwepedecharps oriss ond meomirng the remoining mopary meured to the ooiie deim
The izl s of thumd when a batt=ry i no fonsir praciond to w52 & o Sume of Heolth [Saf) of 8008 wdere Sai = menored mbocey (Ak) [ il copeciy (k)
Affer this point suddsn and ropid ooy fods (o roliover’} & more ey o hopypen and the boserys alilfiy to hold and delvmer o full dharps dadins Senifioondy
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