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INTRODUCTION

Lithium is one of the most critical metals in modern industry, with uses ranging from aeronautics with light
lithium alloysto medicine The most important usage nowadays is LithimmBatteries (IBs), offering long
term relevanceLithium has been gaining investor interest, largely due to forecast demand growth in th
rechargeable IBs market. The price of lithium has been falling since its peAgiiih20B8 (Figure } at$20,000
per Metric Ton, due t@peculatedoversupply and a slower rise of demand than predicted.
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This report gives an overview of the lithium industshat lithium is andvhat its uses arethe extraction
methods innovations in the extraction markend the various lithium productsyhere the lithium resources
are;alternatives to lithium in IBs and renewable energy storadeture lithium demand and thénvestment
case, withrespect to thesupply and demandattorsin the market.
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OVERVIEW

LOCATION OF RESERVES

ReservesMillion tons Economically viable | 9% of total reserves that
(Mt) reserves Mt are economically viable

Bolivia 21 0 0
Argentina 17 1.7 10

Chile 9 8.6 96

USA 7.3 0.63 9
Australia 6.3 2.8 44
China 4.5 1 22
GLOBAIDEMAND

Global Lithium Demand Forecast (Million Tons LCE)

1.8

1.6

1.4

1.2

1

0.8

0.6

1111

0.2

s un @11

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
m Lithium Carbonate m Lithium Hydroxide

CORPORATES

MAJORMINERS

Mkt Cap | Country | Main Resources
bn$
Jiangxi Ganfeng Lithium 9.1 China | Australia, Argentina, China,
Ireland

Tiangi Lithium 4.45 China | Australia, China 51%owner of
Greenbushes

Albemarle 10.44 us Australia, Chile 49% owner of
Greenbushes

Sociedad Quimica y 4.0 us Chile, Argentina 24% owned by

Minera (SQM) Tianqi

Livent 1.3 us Argentina
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TECHNOLOGY

Country | Technology

Summit Nanotech | Canada | Qeantech innovatr in Direct Litlum Extraction.

Lilac Solutions us lon exchange technolodgr Lithium producers
Energy X us BreakthroughDirect LithiumExtraction technologies.
Primus Power us Energy storage solutions

ESS us Energy storagsolutions

LITHIUM PRICES

Lithium prices have continued theiry@ar bear run throughout 2020 and the benchmark Fastmarket prices
arecurrentlyat $7,250 per ton for Lithium Carbonate and,8$00 per ton for Lithium Hydroxide.

In their report of Oct 2019 Goldman Sachs in attempting to call the bottom of the Lithium price cycle
suggested that falls from the levels then of, @330/t and $11000/t would result in a significant contraction in
suppl as marginal producers ceased production.

While we make no attempt here to call the low there is a growing feeling that prices are at least flattening off
and further significant weakness is unlikely as supply chains and margins are already fragile.

Lithium production to date has been focussed on the relatively easy to store and transport Lithium Carbonate
however as battery technology advances the increased demand is emerging as being for Lithium Hydroxide
hence the significantly higher price. Demandwitiois anticipated at a CAGR OF14¥% to 2027 for Lithium
Carbonate and a CAGR of2%% to 2027 for Lithium Hydroxide shown aboven Australia the development

of 2 plants close to the Greenbushes mine which will process Spodumene directly intmlLithéroxide, the
technological advances being made in the processing of South American brine directly into Lithium Hydroxide
and the more advanced processing of Lithium Carbonate into Hydroxide should, combined, result in this
differential contracting ovethe medium term.

Demand for batteries for the EV market is expected to triple to 2027 valuing it at $310.8 bn from $113.4 bn
now, though accurate demand numbers for Lithium are few and far betweencan safely assume that
demand will catch up with avable supply by 2028 at the latest and significantly earlier than that without
some strengthening of prices.

That aside, the key for producers will be keeping production costs as low as possiblenshilieg that
environmentalimpact isminimised,and saial welfare is maintained

There is also a significant increase in demand for energy storage solutions for the renewable energy market in
order to flatten off the intraday supply curve. While current battery technology is proving to be very difficult

to align with this shorterm storage there are huge advances being made and, in most cases, the underlying
battery technology is Lithium based.
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USES FOR LITHIUM

Lithium is one of the most criticatetals in modern industry. Even before electric cars, lithium was a hot
commodity with uses ranging from pharnedical with lithium-based bipolar disorder treatment drug®
aeronauticswith light lithium alloys and shock resistant gldsshium hagphysical properties that make it
different from aher metals.Uniqueproperties make lithium and its compounds capable of energy degsity
the ability to pack a lot of power into a very small space. As a result, lithium has become an extremely
important component of batteries for laptops, phone and other digitavices Therefore, the most prominent
usage nowadays is in Lithidion Batteries (IBs) in both consumer electronicgaich as laptops or cell phones
and electricvehicles E\S.

Carammics Glass-ceramics
Rechargeable 10% : 99
batteries
x __Greases
54% %
6%
/ _Polymer
3 4 4%
‘ £ _ Metallurgical
\ -~ powders
‘ _Glass
‘ 3%
) Air
Other Primary —treatment
7% battery 206

2%

Figure2. Lithium demand by endse industry, 2019 (%)
Among those uses]Bs show tle highest percentage growth rate and are expected to play an even bigger

part in the lithium industry (see Lithium Demand). Lithium carbona®C@) and lithium hydroxide (LIOH)
are the two primary lithium compounds that are used IB1.

LITHIUMEXTRACTION

Lithium is an alkali metal; the lightest of all metals and the least denaayélements that are solids at room
temperature. Because of its inherent instability amgctivity,it never occurs freely in naturd.ithium salts are
foundin underground deposits of brine, mineral ore, and clay, as well as in seawater and geothermal well
brines/water.A set of chemical processes are required to extract and isolate the lithium to be converted to a
saleable form othe metal

Theresources of lithium are primarily divided into three categories. The first are brines. They are, by far, the
main source of lithium with more than 60% of the global identified rese(@®&). Among the brines, the

salars, which are dried salt lakes, h@RBP6 of the lithium brine reserves. The second source, by amount of
lithium available, isninerals in the form of pegmatite&xtracting lithium from minerals is callbdrd
rock/spodumene lithium extractiorRecent estimations evaluataineral reservess23% to 30% of the

lithium GIRs. The third sources Sedimentosted Deposits, such as clay, whiepresents less than 3% of the
lithium GIR.
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LITHIUM BRINE

Lithium brine deposits are accumulations of saline groundwater that are enriched in dissttugd.liThese

are common in nature, but there are only select regions in the world which contain brines in closed basins in
arid regions; conditions which must be met to extract lithium salts at a pidfitre are also Geothermal
(accounting for circa 3%and Oil Field (also accounting for circa 3%) brine resources, but these account for a
small percentage of depositBrilling is required to access the underground salar brine depagitich

typically contairaround 200 to 1600 milligrams per Litre (mg) Li. The brine is then pumped to the surface

and distributedinto evaporation ponds. The brine remains in the evaporation ponds for a period of months or
years depending on the climateintil most of the liquid water content has been removed through solar
evaporation eachpondin the chain having a greater Li concentratidnconcentrateof 1 to 2 percent Lithium
isrequired to startprocesingin a chemical planvith calcium carbonatéo extract the lithium productssuch

as lithium carbonate and lithium metalhe requirements for Lithium brine are as follows: an arid climate with
a closed dried up basin, geothermal activity with suitable lithium souscks,one or more adequate aquifers
(underground layes of water) and sufficient time to concentrate the brine economicalfese conditions

result in suitable lithium brineeserves beingn very specificregions.The salars of Chile and Argentina have

the highest lithium concentration in the 68570 mg/Lrange.

Figure3. Brine mining in the Salar de Atacama

HARD ROCK MINING

While accounting for a relatively smed K I NB 2 T i K Sdeppst\dinBrél are deposit& yiettrY

nearly 20million tons of lithium annuallyHard ockor mineral resourceare far more homogeneously
distributed on Earth with deposits located on each contineBuit still, only a few sites are currently producing

in Canada, Australia and Chilvdell over 100 different minerals contain some amount of lithidnowever,

only five are actively mined for lithium production. These include spodumene, which is the most common by
far, as well as lepidolite, petalite, amblygonite, and eucrypfeodumene offers a theoretical Li content of
3.73%, whereas raw minerais nature typically offer 1 to 2% Li with some notable exceptions such as
Greenbushes, Australia which offers a high rat8.4f% Li Some mines have higher yields than others.
Mineral ore deposits are often richer in lithium contene. are higher qulity, than are salar brines, however,
they are costly to access since they must be mined from hard rock formaSpoesilumenaleposits are

commonly hosted in pegmatites, and are mined by conventional open cut mining, followed by crushing and
grinding, ancextraction using a mixture of gravity, heavy media separation, magnetic separation and flotation
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to produce a concentrate, largely comprised of spodum@riee spodumene concentrate is then usually sold
and shipped to lithium hydroxide or carbonate conversplants, mostly located in Asia, where it is converted
to these respective lithium chemical producksard rocKithium mining relies on traditional methods of drilling
andprocessing

OTHER EXTRACTION METHODS

1 Hectorite clay
- Extensive research and ddgpment has been invested into developing effective clay processing
techniques, including acid, alkaline, chloride andphateleaching, as well as water disaggregation
and hydrothermal treatment. To date, none of these technologies has proven econgmnvizddle for
extracting lithium from clay.
1 Seawater
- While seawater is actually a brine, it differs from traditional lithium source brines (e.g. salars) in that
the lithium concentration in seawater is much lower. A commercial lithium production operation
usually extracts the metal from source brines with a lithium concentratid806fto 1600 mg/L. By
contrast, seawater contains less thamb/L of lithium. While existing processdmve succeeded in
extracting lithium from seawateit is noteconomically viable to do so

BRINE VS HARD RODBSTS AND MARGINS

Lithium is abundant around the planet, but it most often occurs in low concentrations that are not economic
to start production.

If suitable hard rock reserves are found it presents a great opportunity for countries to develop their own
sources of lithium and for investors of hard rock lithium explorers and developers. Currently only a few sites
are currently producing through harmdck mines in Canada, Australia and China.

The largest reserves of lithium are in brine deposits and these reserves are primarily found in the Salars of the
Lithium Triangle; Chile, Argentina and Bolivia.

EXPLORATION

In general, lithium brine deposits@easier to explore, faster to put into production and require less capital to
mine. From exploration through to development and production hard rock can cost from US$30862bn

and take up to 10 years versus brine which will take half that time astid8$150JS$300m. New
technologies involving direct extraction from brine could reduce those costs even further.
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Table 2 Comparisons between hard rock and lithium brine for development, location and explbration

Hard Rock Mining Lithium Brine
Global Identified Reserves%
23-30% 60%

Location Setting
1 The setting and location of typical minir 9 Lithium brine deposits occur in salt flaf

deposits can vary greatly specifically inthé& [ A 0 KA dzY ¢ NXR |
1 Access can be easy or hard depending on wt 1 Fewer logistical or topological challenge
the mineral is found easier to ship after evaporation

Prospecting and Exploration
1 Claims may be harder to gain for hard ro 1 Flatand arid land make exploration cheaper

mining
1 Diamond core drilling (to test targets) 5,0( 1 Softer rock and less geological complex
metres total usually required makes prospecting cheaper, being ligy

compares it to drilling water
1 Advanced field programs and geophysic: 1 Lithium brine is not as deep as most hard rq
surveys required deposits, so can be done to a shallower dep

Development
1 Diamond core drilling, >100,000 metres ov 1 Environmental studies lessvolved than hard

the project lifetime rock
1 Metallurgical Test Work, and permitting 1 Resource expansion requires fewer metres|
drilling

PRODUCTION COSTS

What is produced at a hard rock mine and a brine mine is also different. Hard Rock mines produce a
spodumene concentrate which then requires further processing to produce lithium carbonate or lithium
hydroxide; whilst the brines produce lithium carbonate which requires no further processing. Advancing
technologies mean, in the future, that brines shalso be able to produce lithium hydroxide too if required.

The cost of producing the spodumene concentrate at braxak lithium mines is generally around US$2,540/t.

The cost of producing lithium carbonate from brine will be around US$5,580/t.
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Figure4. Costs for both brine and hard rock extraction, May 2019

PRODUCTION PRICES

Although hardrock producers have lower costs, the price (average: US$ 4,619/t) they receive for their end
product, spodumene concentrate, is significantly lower than that rexefor lithium carbonate, chloride and
hydroxide (saleable compounds). Brine producers receive a considerably higher price (range: US$8,552/t to
US$12,500/t) for the lithium carbonate which is produced at brine operationsRggee §.

Once the spodunmee concentrate is purchased it must then be transported away from the mine to processing
plants (mainly located in China). The facility is likely to have to remove impurities first, then the lithium
second. The lower price for the spodumene concentrafeots the cost involved in the transportation and
conversion to lithium hydroxide or carbonate.

Another factor to consider in production costs is the concentration of lithium in the stream. The higher the
concentration of lithium, the less amount of ore and brine processing the facility is required do, which also
reduces secondary wastes and ovecalst. Mineral ore deposits are often richer in lithium content i.e are
higher quality than salar brines, however, they are costly to access since they must be mined from hard rock
formations. Due to the added energy consumption, chemicals, and matenall@d in extracting lithium

from mineral ore, the process can run twice the cost of brine recovery, a factor that has contributed to its
smaller market share along with a smaller natural reserve.

There are additional risks to brine extraction. Evaporatbhrine is far more susceptible to uncontrollable
external factors such as changes in weather, which will have a severe effect on the solar evaporation process.
This risk is potentially mitigated through innovations in lithium brine extraction methaddisgussed later.

As shown belowirigure5 demonstrates the connectivity of different products in the industry, and how some
are feed stock into different products.

10
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Most lithium products are traded using loitgrm contracts, and prices vary based on both the lithium content
and impurities and the pricaegotiating strategies of the operating company.

o Average price
Hydroxide ————
Carbonate A
Chloride —
Concentrate e

T 1 T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16,000 18,000
Price (US§/tLCE)

Figure 6 Prices oépodumene concentrate, lithium carbonate,aride and hydroxide, 2019
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PRODUCTION MARGINS

Using the 2019 forecast figures in Figure 6 we have set out a table below showing production, price and
marginsc this demonstrates that brine producers, on average, are expected to achieve a margin, whieh is ov
double that of hararock producers.

Hard Rock Mining Lithium Brine
(produces spodumene concentrate) (produces lithium carbonate)
US$/t US$/t
Avg Cost of Production 2,540 5,580
Avg Price Obtained 4,619 10,800
(2019)
Avg Margin 2,079 5,220
(2019)

The one notable exception to this trend will thee margin for lithium hydroxide that will be produced at

Greenbushes, a handck mine that currently produces a spodumene concentrate. Two lithium hydroxide

conversion facilities are being constructed in $4gn Australia to convert a portion of this spodumene

concentrate to lithium hydroxide. The additional cost of converting the spodumene concentrate to lithium

hydroxide is expected to be US$2,456/t. This will take their production costs to approxitd&®5/000/t.

However, lithium hydroxide had an avg price obtained (2019) of US$17,274/t. This will lead to a higher margin

F2NJ 0KS fAGKAdZY KERNREARS LINRRdAzOSR | i DNBSyodzaKSa® t
completed in October2ap 6 dzi G KS SELI yaiazy LKIF&S KIFa y2¢ 0SSy Lidzi
construction and expected to be completed at the end of 2021.

Also to be considered is that lithium carbonate is more stable than lithium hydroxide, has a considerably
longerYa KStF ftAFSQE A& Slae (2 GNIYy&aLRNI yR aG2NBo [ Ad
hydroxide at an additional cost.

ROYALTY COSTS

State development agency Corfo struck deals with top miners SQM and Albemarle in previous years that set a
sliding scale for royalties, depending on the price of the metal, as shown in table 3. For any price above
10,001%/tonne LCE you pay 40% of the current price i.e i.e. if the price is 20,000$/tonne LCE you pay 40% so
$8,000. In a move to help grow state eswes from mineral production, a bill proposing a 3% royalty on

f AGKAdzY LINPRdAzOGAZ2Y KlFa 0SSy LINBaSyiGiSR (2 / KAfSQa f2
AYLI OG0 GKS O2dzy iNBEQ&a G(G2L) fA0KAdZY LINE REEXSREHI0W. s K2 A
The 3% royalty would have a relatively marginal impact on producers as shé&iguia?.

_
‘N>

ax
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Table 3 Royalty Rate TableChile

Price ($/tonne LCE Royalty (%)

0 6.80
4001 8.00
5001 10.00
6001 17.00
7001 25.00
10001 40.00
8,000 SQM: Impact of CORFO & 3% royalties on lithium carbonate production costs, 2020

6,000
5,000

st (US$/ Li,CO,)

4 00U

|:U

w0 3000
= 2,000
= 5500 6500 7500 8500 9500 10500 11,500 12500 13,500 14,500 15,500
Battery-grade lithium carbonate selling price (US$/t)
m All-In Sustaining Cost (less royalty) CORFO "sliding" royalty 3% royalty

Figure7® / 2aGa 2F tAGKAdzY YAYS LINPRdAzOGA2YyS> Ay Of dzRAY 3

ENVIRONMENTAL IMPACTBBRHNEEXTRACTION

One of the side effects of lithium mining is water pollution: the process of mining can affect local water
supplies, potentially poisoning communitiésccording to the report, the Tilopozo meadow in Chile used to be

a shelter for shepherds traveling aight yethas become barren due to lack of grass or water. That puts a
severe strain otocal farmersChemial leakage is also a major concern when it comes to lithium miring.
chemical leak from the Ganzizhou Rongda Lithium mine wreaked havoc with the local ecosystem, killing fish,
yak and cows through contaminated water. It was the third such incident isghee of seven years in the
area.The lithium carbonate extraction process harms siod andcan cause air pollutiort should however,

be noted that new technologig currently being developed which has demonstrated a 90% redudtighe
environmentd impact ofLithium extraction from brine

LITHIUMION RECYCLING

LIBs contain usefltigh-grademetals other than Lithium such as copper, aluminium, cobalt and nickel. To
prevent future shortage of cobalt and nickel, and to enable a sustainable life cycle of these technologies,
recycling is requirecRecycling processes today recover approximatdi 20 96% of the materials of a
lithium-ion battery cell, depending on the separation technology. In order to achieve this goal,
severalstepsare combined into complex press chains, especially considering the task to recover high rates
of valuable materials with regard to involved safety issues.

As of 2019, the recycling oflon batteries in most cases does not extract lithium since lithiombattery
technology continously changes and processes to recycle these batteries can thus be outdated in a couple of

13
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years.Another reason why it isn't being done on a large scale is because the extraction of lithium from old
batteries is approximately 5x more expensive than miligdum. However, it is already being done on a small
scale (by some companies)earlyan industrybeing developedn expectation of large quantities of disused
batteries to come.

Tesla supposedly recycles all of its produced batteries, through a vast network of partners around the world.
Tesla wishes to close the loop and recycle all the batteries it produces in house and is developing a unique
battery recycling system at its Newvaigafactory.

A Finnish company, Fortum, announced it has reached a recycling rate of 80 percent for EV batteries, using a
hydrometallurgical recycling processwiill be the first company in Europe to offer industrial scale
hydrometallurgical process faecovering cobalt, manganese, nickel and lithium.

Canadian ECyclecan achieve a recycling rate of 80 to 100% of materials if1a > (G KS OZheld y& Of I A
two-phaseprocess involvefirst shredding thebatteries andremoving plastic and metal$hen achemistry

process, hydrometallurgy, removes the individual valuable components, so lithium carbonate, lithium, cobalt,

copper, aluminium, graphite and irofthe company has 5000 tonnes of shredding sajeacity butheeds to

scale up the second part of the process to reach full scale.

EMERGING EXTRACTION TECHNOLOGIES

SUMMIT NANOTECH

Summit Nanotech has designed an innovative new extraction method to generate battery grade Lithium
Carbonate or Lithium Hydroxide diticom brine sustainably. This extraction process is called Direct Lithium
Extraction (DLE)denalic and is currently the most green lithium extraction technology in the world. This
DLE process is scalable, requires no fresh water, doubles yielé@unckes the use of chemicals and

production of waste by 90% while rapidly producing Ruginity lithium products.

Generation 1 of thdield unit will focus on isolation and concentration stages of lithium extraction. Subsequent
generations will include inn@tions in the purification, carbonatioand crystallizatiorsteps as well. Being a
relatively small operation, they are unable to bring too many new systems to the field all at once. As of August
2020,Summit Nanotech signed a letter of intent with 3fRir its Nevada Lithium based mine) and are on

schedule for the commissioning and operation of a pilot extraction unit in 2021.

With questions regarding the supply and demand predictions, as well as being able to provide their technology
as a service to ésting producers or new producers, Summit Nanotech are relying on society, EV buyers and
the likes of Elon Musk wanting to source their lithisopply from sustainably extracted processé&reen”

lithium will be at the top of the list.

LILAC SOLUTIONS

Bill Gatesbacked Breakthrough Energy Ventures is among the investors to inject $20m into Califisath
Lilac Solutions' lithium project, again developing technology for brine extractibe.$1bn Breakthrough
Energy Ventures fund is also backed by Befos, Jack Ma and Mark Zuckerberg among others.

[AfFO {2tdziA2yaQ SGK2a 2F G[AGKAdzY A4 KSNB (G2 adleé A
high-energy batteries that power portable electronics and EVs, and that even the negrnpttchnology will
be based on lithium metal and lithium silicon anodes.
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Lilac Solutions has developed a new continuous ion exchange technology to address the challenges faced by
f AGKAdZY LINPRdAzZOSNB 62NJ Ay3 Ay {&Kdperadingkogts acdelefatestprojRa (S OK
start-ups, boosts lithium recovery, and unlocks new resources.
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EnergyX has a patented LiTAS technology that is a type of filtering nanotechnology. The mearnbeterates
the lithium extractionprocess andnakes lithium production more affordable and orders of magnitude for
efficient than brine and hard rock extraction approaches in the past.

[ AGKAdZY L2y ¢NIyaLR2NI YR {SLINIYGAZ2Y oO[A¢! {und Aa 9ySNH
nanoparticles capale of selectively separatinghium from the restof the brine.Comparing to conventional

ponds, he technology has a 90% Lithium recoveate as opposed to 30%ndtakes 1-2 days in continuous

processingas opposed to 18 month#t also uses minimaldsh water compared to 18,000 gallons/ton in

conventional pond method& hey are confident that the new method will completely replace traditional

mining.

EnergyX also believes this technology could have applications foissatidseparatorsa componentn LIBs.

LITHIUM RESOURCES

Figures for lithium resources and reserves differ considerably accordingly to the source, although there is a
unanimous agreement that lithium resources in brine are much larger than those in hard'heeckthium
production was, until recently, dominated by th8alt Lakdrines, because of their cheaper production cost.
The evergrowing demand in lithium compounds led to the regaining of interest for another source, after the
lithium price increased. This other source, lithivieh minerals or hard rock mining, now accounts for 50% of
0KS 62NIRQa fAGKAdDZY LINBRAzZOGAZ2Y @

Owing to continuing exploration, identified lithium resources have increased substantially worldwide and total

about 80Mt Li. Lithium resources in the United Statefrom continental brines, geothermal brines, hectorite,

oilfield brines, and pegmatitasare an estimated 6.81t. The US withheld production numbers to avoid

disclosing proprietary company datiégs only output last year came from a Nevdokased brine operton,

most likely inthe Clayton Valley ¢ KA OK K2 aida ! f o ST™he st @apity of Rhiu@@ e t S 1 YA
U.S is ineserves; therefore, production numbers are not usually recognised.

The ptal lithium resources in other countriesccluding the U.S i&3 million tonsTotal lithium resources

represent lithium that is not yet economic to mine today but has potential to become economic at some point
in the future.Lithium resources, in descending order, are: Bolivia, 21 million tons; Argentina, 17 million tons;
Chile, 9 rillion tons; Australia, 6.3 million tons; China, 4.5 million tons; Congo (Kinshasa), 3 million tons;
Germany, 2.5 million tons; Canada and Mexico, 1.7 million tons each; Czechia, 1.3 million tons; Mali, Russia,
and Serbia, 1 million tons each; Zimbabwe) 800 tons; Brazil, 400,000 tons; Spain, 300,000 tons; Portugal,
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250,000 tons; Peru, 130,000 tons; Austria, Finland and Kazakhstan, 50,000 tons each; and Namibia, 9,000
tons!”.

Lithium extraction in Bolivia is not deemed economically viableefisurcesare not as easily accessible as
those inneighbouringChile and Argentina. The primary source of Bolivian lithisatar de Uyunis inhibited

by frequent rains and high magnesilpotassiumlevels (reducing magnesium is crucial in producing-high
purity lithium), meaning huge foreign capital and advanced technology is needed to extract usable.lithium
China, after negotiations with Bolivia for the Belt and Road Initiative, has secuiaiianUS$ 2.3 billion
investment venturdn a Bolivian state compg, expandable according to market demanuithout regard for
market forces andavith an active interest in securing global commodity reserves, China has secured a foothold
in the Bolivian reserves despitieem being uneconomically viable at this point ime. dChina is a guaranteed
market for the production of batteriegssaid the president when signing the agreemeats it will require
800,000 tonnes of lithium per year by 2025 to keep up with battery deradFik locals of the region in
Bolivia are in spport of the decision and believe they have been deceived by the industrialisation taking
longer than promised.

Although the Bolivian government states that it would like to attract more FDI, it has done little to do so and
remains highly corrupt (128out of 179 in the Corruption Perceptions IndeXhe instability of the legal
framework, corruption, the weakness of the rule of law and the prohibition to resort to international
arbitration are elements which continue to affect thesiness environmentiowever, the odds of this
continental brine seeing commercial production are low for several reasons, including the fact that Bolivia is
keen on keeping its natural resources under state control. Therefohas thus been discrediteaks a viable
option for investment androm any comparisonmade

Chile
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Figure9. Countries with the largest lithium reserves worldwide, 201

Figure9 shows the countries with the largest lithium reserves in the wdd8GS (Sourckthium reserves
follow a definition known as proven and probable reserves. A country's lithium resepesentthe
segment of the country's lithium resources that are economic to mine today, using today's techriiigy.
has the greatest lithium resves by a large margiflowever, Argentinaat 17 million tonshas a larger lithium
resourcethan Chile, at 9 million tonsvhich could potentially become economically viable in the future.
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Figurell shows the largest countries in worldwide lithium mine production from 2014 to 2068.majority

of global lithiumreservesexistinO2 Yy G Ay Sy G € f AGKAdzY o NAYy SithBnSTrignglé 6 a Ay &
T aregion of the Andes mountains that includes parts of Argentina, Chile and Bsdigligurel0). These

figures are accurate taround1,000 metric tonsthrough comparing to different sourceew spodumene

facilities were ramped up through the year to boost production from 40,000 tonnes in 2017.
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Figurell. Major countries in worldwide lithium mine production, 2014 to 2019

Australia has the largest percentage of current lithium production, but is the country terigrgest

percentage of its reserves. In future, to meet upcoming demand, this may not be an issue as lithium is not a
scace commodity, as discussed later. Chile has a comparatively low production volume compared to its
reserves (resources currently geamically viable to extract). Argentina has a higher production level as a
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percentage of estimated reservdswever,has significantly larger resources which are yet to be economically

viable to extract.
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Figurel12. The top four lithiunproducers as a percentage of total world output, 1996 to 2018
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The current global reserve of lithium is hard to determine but it is most likely that we will not run out of

lithium. Lithium reserves are estimated@p to 80Y A f £ A 2 y (i 2 y 46Bkg ofAitRiNEBNa&ZOkWINE dzy R
Tesla Model S battery pack. With an estimated 1.2 billion cars in the world, even ifoenewere toconvert,

it would take years and years to run outlahium. Whether or not we can extradtquicklyenoughto meet

sudden demand, whilst being mindful of the environmental consequencasight be the real issue.

COBALTRISKS

At the other end of the battery metals spectrum is cobalt. The world is dependent on the Democratic Republic
of Congo (DRC) for supply of the rare mineral, which makes it unpredictable and highly susceptible to political
risks. There have been claims ofldien toiling in hanedug mines and facing serious health risks in the DRC.
Cobalt is mainly produced as a-psoduct ofcopperandnickel Most cobalt in the DRC comes from an area
known as the Copperbelt. It holdse-third of global cobalt reserveand accounts fod0 to 50 percent of
cobaltoutput in the DRC.

DRC is aware of the critical role its mines now play in the market for battery metals and last year it labelled
O20l fEHUBIEOENRIzoAGF YOS Ay 2NRSN) G2 2dzaidA¥e GNRLX Ay3
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to close the gap. Some may be supplied by existing stockpiles, but these are held in stable hands and will fall to
ONRGAOLKE tS@Sta 20SNI GKS O2dzNBS 2F HAHAMDE

Breakthrough Energy Ventures, a $1 billion Bill Gedgund, recentlyinvested in Kobolda Silicon Valley
start-up looking to deploy artificial intelligence to find cobalt reserves in parts of the world where labour and
environmental laws are stricter than those found in the Congo.

LITHIUM ALTERNATIVES

The most prominent ustor lithium is in Lithiurdon Batteries, whilst also showing the highest percentage
growth rate. Although there are other uses for lithium, we can assume those to be comparably negligible to
the growth and relevance to lithium demand in the future.

LITHIWM-ION BATTERY ALTERNATIVES

While there are many different batteries out there, tHe-ion batteryis the only rechargeable battery that is
used on a large scale and this is due to its ease of fabrication, good (but not excellent) properties, long usable
lifetime, being relatively safe and the ability to be produced at scale.

The two most common metrics for comparing batteries is the energy densitytinhears per kilogram

(Wh/kg), the amount of energy the battery can store with respect to its masspaner density in watts per
kilogram (W/kg), the amount of power that can be generated by the battery with respect to its mass. Lithium,
being highly reactive can store a lot of energy in its atomic bonds thus has both high energy and power
density. A typial LB can store 150 wattours of electricity in 1 kilogram, many multiples greater than
alternatives such as NickBletal Hydride batteries or leadcid batteries.

Material developmentin lithium ion batteries is being driven by the need for improveddrgtcapacity, lower
cost (for automotive applications), improved safety, and improved capacity retention after cycling of the
battery.

Despite this, there has been a steep decrease-iarLprices due to technology improvements and economies
of scale. ferce competition between manufacturers has also been a large factor.

Lithium—ion battery pack price (real 2018 $/kWh)
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Figurel4. Lithiumion battery priceoutlook
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Most of the recent advances in lithiuion energy density have come from manipulating the relative quantities
of materials such as cobalt, manganese, nickel and aluminium in cathodes. However, the technical merits are
not the only factor dictating materialelection. Currently, almost 80% of sales of EV batteries use cobalt to
some extentSeveral manufacturers are attempting to completely phase out cobalt.

There aranany other batteries out there which have much higher theoretical energy densities tham Li
batteries seeFigurelb.
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Figurel5. Specific power against specific energy of different battery technologies

ALTERNATIVEECHNOLOGIES

1 Magnesium:

0 Magnesium as an anode place of lithium has a theoretical energy density almost 5x that of
lithium. But this has stalled due to the lack of practical materials to use as electrolytes and a
cathode

1 Lithium Air:

o Has demonstrated energy density at over 5 times that of curreitrLbatteries.There are

still challenges to the development of@j including the cathode.

1 SiliconeAnode Lithium lon batteries:
Looking to overcome the problem of unstable silicon in lithiion batteries a hybridanode
with silicon and carbon has been develop&tie aim is to remove graphite with silicone.
University of Eastern Finland

91 LithiumSulphur:

0 Monash Universityesearchers have developed a lithitsualphur battery that can power a
smartphone for 5lays, outperforming lithiumion. The researchers have fabricated this
battery, have patents and the interest of manufacturers. The environmental impact
compared to lithiurion will be less.
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o OKXIS Energy is building e8uifur batteryplant with an initialcapacity of 2M cells/year.
There is a theoretical energy density 5 times greater thaarl.iLithium is used for the
anode, the cathode is Sul based OXIS has customers including Airbus, Seat, Renault,
Nissan and many morévestorsinclude Umicore ad Samsung.

0 The main drawbacis the formation of unwanted ions within the batteryvhich release into
the electrolyte and reduce thimngterm efficiency and stability of the battery.

o Will not be too long to see commercialisation, but adoption of massipection may be a
while.

1 FlexibleSolidStateLithiumBatteries:

o Instead of using a liquid electrolyte solutitmregulate flow of lithium ionsa solid
electrolyte could be used insteadsing asolidelectrolyte will provide a smaller size with
higher energy density, longer lifespan, and increased saflefysonhas attempted to
manufacture an EV with this technology. Fisker patented its stditk batteries and
revealed an EV in 2018 with the technolofgss cobalt is used thamtraditional Lithium
lon batteries making it comparably cheaper

0 The batteries can be manufactured with the same processing equipment as kibium
batteries.

o Solid Power has partnerships with Fotjundaiand BMW Group.

Dyson shut down its electri@cproject due to production of the car not being economically
viable. He claims all large manufacturers like BMW, Mercedes, Audi and JLR are making huge
losses on every electric car they sell as they are so expensive to make, they are doing it to
lower their average CO and NO emissions overall, helping to comply with EU legisfi&tion.
allr GSR GKF G { Keéhcebtat¥ adlthé Bormisldbleztask of nanufacturing solid
state batteries e company acquired sokgtate battery tech company Sakti3, and
then walked away from that technology favour of another one it has reportedly developed
internally.! 5@ &2y &Lk {1 Salad Nmdntontnittéd toinidstingsERbn in
battery technology over the coming years, and Sakti3 is an essential andgpeitt of that
LINE AN YDE O

1 Metal-air batteries:

0 Log 9 Materials technology just uses watgr,and aluminium to run. Thelectrode ismade
of graphene filtering out CO2 so that oxygen can oxidise the aluminium and create pttwer
runs on a bottle of weer every few hundred kilometredt can never explode, hold multiple
RIFead OKINBS | yRrecR2gday Qi ySSR (2 o

0 Zinc8 Energy solutions has developed innovative battery technology using zinc and air as
fuel. It is able to be scaled easily and can stheeissue for renewable energy generation
methods.

1 Hydrogen Fuel Cells

o | @RNRP3ISYy R2SayQi 200dzNJ yI dzNF ffex Al KFra G2 0
There are numerous methods of extractingdrogen,but none are easy to execute,
therefore there is a large efficiency loss in the procéssst hydrogen is made from
methane in a process that produc€92 butan also be produced using electrolysis which
requires electricity an issue that can be addressed by diverting renewable energy sources to
H2plants butk I & y Q tully 6xpl&ed.

0 This is the technology of tHeture butisstuck in a chickeand-egg situation of supply and
demand. The cars are built in small numbers (4,293 units in 2017) and are extremely
expensive to buy because there are no economies of scale. In addition afermwhere
near enough hydrogen filling stations. This leads to a low demand for hydrogen, which
means that little money is being invested into the new technologies for extracting hydrogen.
¢CKS f1 01 2F WLHzZ2KQ FTNRY f Sdithehfdroged NéicelfcdeNI K S NJ K ;
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1 Nickel Metal Hydride Batteries:
0 Toyota uses these in the Prius, wharte notas energy dense as lithium ion packs but have
the advantage of longer usable lifespans and lower production costs.

FUTURE BATTERMRKETUTLOOK
Near Term: Improving Lithium lon

- New anode and cathode materials

- Stable and higher quality electrolytes and additives
- Better pack design and materials

- Advanced control

Mid-Term: Era of Diminishing Gains
- Any advancements are minimal bef@awitchrover to next gen batteries
Long Term: Beyond Lithium lon

- Battery cost and performance breakthrough

- Solid state as an alternative to liquid electrolyte

- LkAIr, LiS as an alternative to-ldn

- Next gen liquid, gel, polymer electrolytes to enhancefpenance of new anode and cathode

materials
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Figurel6. EV Battery Capacity Tregaveighted average by global volumes

There are current claims of battery cell price per kWh as low as $113, but this figure does not include the cost

of the batterypack. While pack price has dropped significantly over the last decade, future gains will be harder

G2 FAYR YR 6S R2y Qi SELISOG | LI Ol LINKROS FTAIdNNB 2F b
engines, before the middle of the next decadevenat this stage, batteries will still be compromised by range

and chargingime limitations. For that to change, a technology breakthrough, such as solid state, would be
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required. Naturally, there is a risk that this assumed breakthrough will not comeitmfr. If that is true, it
may be the catalyst for the move to hydrogen fuel cells, widely recognised as the most sustainable powertrain
solution.

Lithiunrion battery technology is the most reliable, stable and safest solution ifictteseeable future for e
Y2oAfAdGed ¢KS SO02y2YAaAsSa 2F a0ltS SEAaG G2 YSSG OdzNNBy
as close as you get to a sure bet in an industry long in hyperbole. Most experts agree that no other chemistry is
goingto disrupt lithiumion for at least another decade or more.

RENEWABLE ENERGY STORAGE

Solar and wind power costs have continued to fall, complementing the more mature bioenergy, geothermal
and hydropowerenewabletechnologies. Solar photovoltaics (PV) wsisdhe sharpest cost decline over 2010

2019 at 82%, followed by concentrating solar power (CSP) at 47%, onshore wind at 40% and offshore wind at
29%.The main issuéacingrenewables is ensuring there is always energy on demfordvhen the renewable
energy source runs oufinding a cost competitive and relialdaergystorageis crucial to its adoption.
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Figurel18. Energy storage annual deployments, 2012 to£02

CHEMICAL BASED STORAGE SYSTEMS
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o Prices are dropping butre currentlytoo expensive for electrical grid applicationsidti
cannotstore power for more than 4 hours aha&conomical price point. They also are
deemed too unsafe and fire risk.

0 Tesla built the largestdldon battery paired to a wind farm, to deliver energy at peak hours.
But it remains to be price competitive

1 Flow Batteries:

o Primus Power has developed &ldle, nontoxic zinc bromide flow battery which uses a
liquid electrolyte to offer a longluration, fadefree energy storage solutiofit shifts midday
oversupply of renewable energy generation to evening peatkods It has received more
than $100M irequity capital and over $30M from government grar8sipply energy pods
that have 25kW capacity, supplying/7shomes 5 peak hourddultiple pods can be used to
boost capacitylt has supplied to Microsoft, a military base and a Chinese Wind Turbine
manufacturer. Currently supplies to solar plus storage facilities or larger commercial
enterprises butould be economical for the grid.
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o ESS, backed by Softbank group, Géd<Breakthrough Energy and crucially insurance
company Munich RHE has developd a storage unit called Energy Warehouses which can
supply 100kW for 4 hours, with a lifespan of 20 years.

0 These technologies still rely on Lithium, so will face material cost challenges to achieve 100
hours storage capacity.

NONCHEMICABASEDALTERNATBS

1 Pumped Hydro
o Currently supplies 96% of worlds energy storage. Excess energy from the grid pumps water
up to an elevated reservoir, then releases the water during high demand hours. This requires
large amounts ofand; it disturbs the environment and can only work iresffic locations.
1 Gravity base@nergystorage
o Energy Vault uses cranes and wires to move 35 ton bricks up and down a tower, depending
on whether energy is required to be stored not. In times of excess energy, motors in the
crane will move the heavy bricks up the tower and store gravitational potential en2@gy.
towers could provide 350MWh capacity, powering 40,000 homes for 24 hobese tall
towers could not be built in a city,rad have very low energy density compared to chemical
based storage systems.
1 Hywheel energy storage
o ABB Powerstore Flywheel uses the inertial properties of a flywheel to store energy.
0 This was implemented in an Alaskan island to integrate more renewalelg and stabilize
power supply.
1 Thermalenergystorage
0 Antora Energy uses excess energy to heat up cheap carbon blocks. When energy is required,
it is convertedback to electricity.
1 Compressed air energy storage
o Instead of pumping water, ambient airéempressed and stored under pressure in
undergroundcaverns to store energy. The pressurised air is heated and expanded in a
turbine driving a generator for power production in peak demand times.

With many niches in the energy storage market, how sucaéssich technology idependingon the

application Battery technology, including-Ldn, is likely to be crucial for residential and commercial areas.
Costghat remain high are among the reasons preventing a surge in lithiumiattery grid integrationThey

are not suitable for longer term energy storage and have safety isgltesnative types of energy storage,
including types that can be scaled suchyesvity or compressed air, wibtentially be economicin utility scale
and grid scale energy storageovernment policies and incentives will be a major player in making innovative
methods economically viable.

LITHIUMDEMAND

DETERMINING LITHIUM PRICES

Unlike other metals used to make electric cars such as copper, thewerentlyno traded price for lithium.

The London Metal Exchange is working to develop aeablé priceand is already publishingferenceprices

in conjunction with Fastmarketbui dzy GAf (KSyX GKS AYyRddzZGONEBQa Ay @Saiz2Nh
J3t2o0lf YINyLSGod {2YS 2F GKS olyla INB y20 1SSy G2 3Sd
spodumene, hydroxide or carbonate and battery prices are all usedtimate the price ofithium.
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The price of lithium depends largely on the purity of the product, what other impurities are present in the
product, and what contracts are in place for long standing supply chain agreements. Today, lithium prices
rangefrom $600@$11,000 USD/tonne LCE for the 97% pure Tier 3 Li2CO3 product

Tier 3 lithium products are those that come from the mine and have a purity of 97%. Technical Grade Lithium
(Tier 2) is lithium with less than 99% purity. Technical grade produsefsiun the manufacture of glass, frits,
other ceramics, and a variety of specialized applications. Battery Grade Lithium (Tier 1) ificawiireg
odourlesswhite powder with guaranteed 99.5% purity and a relatively fine particle size. Battery grade is
superior purity grade product that is a required precursor for critical battery materials. Battery metal purity is
incredibly important because the end product would create a safety hazard if impurities exist in the final
product.

Spot prices in Chindh@S RNRLIIJSR R2dzf S RAIAGA RdzS G2 dzy OSNIFAyde
dzo AaARASAa® . dzi &dzOK LINAOSa 2yfée NBTFESOG I LR2NIA2Yy 27
KS 62NRI GKS@QNB KSINAYIoFORKAZYyiRrRSE R2YRFIKI @F 1020r%
oL&S FylteaAira FNRdzyRZ¢ alFAR 9NYAS hNIAT I LINBaARSy(d 27
Advisors, which buys lithium royalty rights.
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Neo Lithium Corp,ioneer, Standard Lithium Lt&igma Lithium Resources Corp and other prospective lithium
projects have all struggled to attract investors largely due to that price uncertainty.

FALLING LITHIUM PRICES

Global uncertainty from the U.-£hina trade war, reduction in Chinese EV subsitlies a reduction in EV

sales in China&onsumers reducing lithium inventoriealong with introduction of new supplyas seen a

gradual correction in the lithium market over the past 18 months, as shown since the peak in Fd&renl

Despite this themajority of new chemical projects have been slow to deliver, share prices and investor

sentiment remain tied to shosterm price trends rather than underlying market fundamentals. This was before
coronavirus disrupted the economy and may put lithium ungegssure due to fears of a protracted recession.

t NBaARSYy(d 52yt R ¢NYHzYLIQa | 33 NB ahiftauagfrom Chingsd Sourteddf A y & G / K
lithium, potentially increasing prices.

After expecting an EV boom, there has been overinvestnrelithium supply, slashing prices of lithium
carbonate. Bt battery packs are actuallgss sensitive to the prices of commodity matertalan typically
assumed; instead, much of the cost comes framanufacturing inefficiencies
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Figurel9. Lithiumlon battery costs have continued w@lfdespite raw material cost volatility, 2014 to 2019
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EV GROWTH

Electric car deployment has been growing rapidly over the past ten years, with the global stock of electric
passenger cargassing 5 million in 2018, an increase of 63% from the previous Asaund 45% of electric

cars on the road in 2018 were in China total of 2.3 million. In comparison, Europe accounted for 24% of the
global fleet, and the United States 22¥here are longerm signals to the auto industry and consumers from
governmens that support the transition to Electric Vehicles, including @assionvehicles mandates and

fuel economy standards.

Electric models are seen accounting for 3% of global car sales in 2020, rising to 7% in 2023, at some 5.4 million
units. Many analystsncluding BloombergNH#elieve that by 2040, the global EV market could exceed 60
million vehicles sold per yeaccounting for 58% of new passenger car sales globally

Sales of electric passenger vehicles are forecast to fall 18% in 2QR@, rtollion worldwideg with the
coronavirus crisis interrupting ten successive years of strong growth. However, sales of combustion engine cars
are set to drop even faster this year (by 23%), proving EV sales being more resilient
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Figure20. Projectedglobal annual passenger vehicles salesliiyetrain, 2015 2040.Note: Electric share of
annual sales includes battery electric and giudpybrid

These figures are historically impressive, but electric cars accounted for 2.6% of global car salesrahd@%ro
of global car stock in 2019.

CARBONATE VS HYDROXIDE

The attery market size value in 2020 is USD 113.4 Billion. The revenue forecast in 2027 is expected to be USD
310.8 billion As battery applications extend their dominance of lithidemand, the market is expected to

become more focussed on providing products to meet specifications for automotive batteries. The shift

towards highnickel cathode materials, to increase battery energy density, is accelerating demand growth for

lithium hydroxide, though its cost premium over lithium carbonate has made some consumers reluctant to

switch feedstock. Lithium hydroxide is expected to become the dominant lithium chemistry consumed, though

the balance between lithium carbonate and lithium hydrexi@mains highly dependent on lithiuan

cathode requirements¢ 2 A Y ONBIF &S 9+ NI y3IST LINPRAZOSNE | NBE agAidoOKA
require lithium hydroxidelue to temperature restrictions of lithium carbonate during manufactibemard

for lithium carbonate is expected to rise at a compound annual growth rate (CAGRL4p&On 20187,
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while lithium hydroxide demand is seen rising at a22pc CAGROther expanding markets for lithium usage
include LithiumAluminium alloys for airaft and energy storage for renewable energy sources.

Spodumene is the main source of lithium hydroxidéh producers able to use this to process either
carbonate or hydroxide foapproximatelythe same costA few companiesare looking into conversion phts

for brinedirectlyinto hydroxide.Theprocess of producing lithium hydroxide from brine is processing the brine
to make lithium carbonate, then converting the carbonate into lithibyaroxide Brine producers will

continue to do thigprocess butrelooking for ways to reduce costSQMis expanding its lithium carbonate
capacity in stages to 180,000 t/yr from 70,000 t/yr, while it has received permits to expand its lithium
hydroxide capacity to 32,000 t/yr from 13,500 t/yr.

Greenbushes is thé 2 Nsbig@st hard rock lithium minélbemarle, which holds a 49% stake in Talison, is
planning a lithium hydroxide manufacturing plant, outsidézséenbushescapable of producing up to

100,000 tonnes per year of lithium hydroxide monohydrate from five QD f@nnes per year process trains

and up to 1.4million tonnes a year of tailings. KAy I Q&4 ¢AlFYI[AZX 6KAOK KIFa | pmwm>
constructing a 24 000 t/y lithium hydroxide plant in Kwinana, just 40 km from Perth.

Infinity Lithium Corporation btis seeking to develop its 75% owned San Jose Industrial Lithium Project in
Spain.The goal is to develop a hard rock mine and refine ore onsite to produce lithium hydrokielefinity
Lithium prefeasibility study estimates a total revenue from LitmitHydroxide of US$6Brom the proposed
largest open pibased project in the world. Howevghis project is 3 years away from commission.

Figure21. Forecasted lithium production (lithium carbonate equivalent), 2019 to $025

FUTURE DEMAND

Lithium consumption for batteries will increase significantly because rechargeable lithium batteries are used
extensively in the growing market for portable elamtic devices, electric tools, electric vehicles, and grid
storage applications. This is coupled witincerns over CO2 pollution from Internal Combustion Engines
Although innovative battery technologies may take oveiohiin the next 10 yeard.ithium & likely to play a

part in those future technologieand will continue to be dominant in the battery market until théincan be
assumed that all other products made from lithium will have a comparably negligible effect to hitium
batteries.
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