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Summary

We conducted a material flow analysis (MFA)
model for a single year (2018) to understand the
global flows of lithium from primary extraction to
lithium-ion battery (LIB) use in four key sectors:
automotive, energy and industrial use, electronics
and other. A specific focus and quantification

of lithium use in lithium iron phosphate (LFP)
cathodes for LIB batteries is also given. This is to
align with the overall focus of the project on LFP
cathode materials and to assist in decision making
for the Bolivian stakeholders of this project.

The stages included in the model are: extraction,
processing, cathode manufacture, other
manufacture (non-battery), lithium-ion battery

(LIB) manufacture, lithium iron phosphate battery
manufacture (LFP) and the end-use sectors of
automoative, energy and industrial use, electronics
and other. We visualised the model using a Sankey
diagram.

Some of our key conclusions are summarised
below:

The hard rock deposits dominated production
of lithium in 2018. This was not the case a few
years back, where lithium from brine deposits
constituted the primary source.

There are significant losses of lithium to waste
both at the extraction but also at the processing
stages. This is due to low recovery rates.

The battery compound market did not
monopolise the global lithium markets in
2018, but it has been growing fast for several
consecutive years. In 2010 the lithium battery
market share was estimated to be 31%, in 2018
46%, and in 2021 71% (USGS 2021b).

We have identified an oversupply of lithium
compounds used in cathode manufacture in
2018. This finding is in line with several reports
mentioned by market analysts suggesting
oversupply of lithium in the market in this year
(Shabalala 2018, Erkan 2019).
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LIB LFPs were the second largest cathode
market after NMC cathodes. Their manufacture
and use have been taking place almost

solely in China. In recent years however LFP
cathodes seem to have made a comeback and
projections suggest increasing demand for
them from the automotive and energy storage
sectors. This is an opportunity for countries

like Bolivia who are willing to proceed with the
commercialisation of LFP batteries.

In 2018 LFP cathodes for the automotive sector
was the largest consumer of lithium, with energy
storage and industrial uses being the second
dominant end-use consumer.

There are data uncertainties associated

with all stages of the supply chain. Data are
dispersed and not fit-for-purpose, especially
for the cathode and LIB manufacturing
stages. Considering the global focus on
decarbonisation technologies and LIBs, this
means that these markets are likely to increase
significantly in the short-term. It is therefore
essential that material requirements and use
are reported accordingly to ensure frictionless
supply and proper use of resources at the end of
their life.

The lithium market is extremely dynamic with
significant changes occurring from one year to
the next. There is a need therefore for further
enhancement of our current model to a dynamic
form that explores transformation pathways,
develops future scenarios, looks in more detail
at the environmental impacts of different stages
and also includes the ‘use’ and ‘end-of-life’
stages.
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1 Introduction

This report describes the approach we undertook
in quantifying global lithium flows from primary
extraction to lithium-ion battery use, with additional
focus given to lithium use in lithium iron phosphate
(LFP) cathode materials.

The approach is based on material flow analysis
(MFA), which is an assessment of the flows and
stocks of materials based on a system defined
within space and time. The MFA approach utilises
the law of conservation of matter and therefore
input, output flows and stocks of materials are
quantified using the mass balance principle
(Brunner and Rechberger 2017). Material flow
analysis is a common method used to understand
and monitor the physical economy and its results
could be utilised in decision making and for
strategy development associated with sustainable
resource use.

The lithium market is rapidly developing due to the
global focus on decarbonisation technologies,

in particular the electrification of transport and

the development of energy storage solutions,

but also throughout the past decade with
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increasing demand for lithium-ion batteries in
electronic devices. Projections suggest that the
demand for lithium may have to increase 42 times
relative to the 2020 demand to support the clean
energy transition (IEA 2021). This would require
a significant increase in supply over a very short
period of time. It therefore requires very close
monitoring to quickly identify hotspots that may
disrupts supply, but also lead to unsustainable
practices, environmental degradation and social
issues in producing countries.

The aim of this work was to develop a MFA
model for monitoring the global lithium flows with
focus on the battery market. Althought this has
been investigated to some degree in the past by
others (Hao, Liu et al. 2017, Sun, Hao et al. 2017,
Calisaya-Azpilcueta, Herrera-Leon et al. 2020), the
focus on LFP cathodes is missing and the latest
models in publication are for 2015. We provide an
updated approach and data that correspond to
2018. Although our current model is for a single
year, this forms the basis for developing a dynamic
assessment in the future to monitor the lithium
stocks and flows over many years.



2 System definition

A system is the description of the stages, processes
and steps included in a material transformation
journey:. It describes without quantifying the point
in a process and locations of materials (stocks)
and how they flow across an economy (MinFuture
2021). Setting the system definition is the first

step in the process of material flow analysis and

it requires substantial background work through
literature searches and stakeholder engagement.
Very often our system understanding is poorly
defined and highly fragmented, especially so for
minor elements such as lithium.

For developing the system definition, we reviewed
numerous reports, scientific papers, but also used
information we collated from stakeholders through
discussions held prior and during this project. Our

lithium system is illustrated in Figure 1. The system
includes the processes taken into consideration

in our analysis (in yellow boxes), the flows of
materials between processes and how they link

to each other (arrows in grey, turquoise for LFP
related flows and blue for waste flows), the points
where losses are quantified (blue boxes) and the
points where stocks are estimated (red boxes). The
legend under the diagram provides some more
detailed information on the lithium flows.

The stages/processes are described as follows:

Extraction This refers to mining of lithium
brines and hard rock lithium deposits. Due to
the diversity of different lithium deposits the
complexity associated with understanding the
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Processing waste

A1.1 Lithium brine production
A1.2 Lithium mineral production
A1.3 Mine waste production

A1.4 Lithium (other grades) feeding into other manufacture

B1.1 Production of lithium compounds battery grade
B1.2 Production of other grades of lithium

B1.3 Processing waste

C1.1 LFP cathodes

C1.2 LIB cathodes (all chemistries)

D1.1 LIB batteries in electric vehicles

D1.2 LIB batteries in enery storage & industrial uses

D1.3 LIB batteries in electronic devices

D1.4 LIB batteries in other applications

D2.1 LIB LFP batteries in electronic vehicles
D2.2 LIB LFP batteries in ESS & industrial uses
D2.3 LIB LFP batteries in electronics

D2.4 LIB LFP batteries in other applications

Material flows —_ Stocks
LFP material flows
Waste flows e

System boundaries — — —

Figure 1 The global lithium system definition for LIB and LIB LFP batteries.
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processes of lithium production and therefore
material flows is substantial and likely to increase
further as production from more diverse sources
may take place in the future. Overall, this is the
stage better understood and with better data
reported across the overall lithium cycle.

Processing This stage refers to the processing
and refining of lithium to produce material
grades that can reach the downstream supply
chain and lithium markets. In this case and
considering that the focus of this systemis on
batteries, we consider that the input form of
lithium in the processing stage represents either
a concentrated brine or a mineral concentrate
from hard rock deposits, with the output material
to be battery grade lithium compounds, and
other lithium compounds.

Cathode manufacture This stage represents
the manufacturing of LIB cathodes. The input
material is the battery grade lithium compounds,
whilst the output forms of material are the
various LIB cathodes. We consider the cathode
chemistries in our analysis, as presented in Table
1. The market shares of different cathodes used
in our analysis are as shown in Figure 2.

Other manufacture This stage represents the

for example in ceramics and glass, lubricating
greases, continuous casting mould flux
powders, polymer production, air treatment and
others (Figure 3). Lithium compounds entering
this stage could be of a diverse range of forms
and chemistry, such as lithium hydroxide,
lithium chloride and different grades of lithium
carbonate.

LFP battery manufacture This stage

refers to the LIBs using LFP cathodes in their
manufacture only. The input material stream
is LFP cathodes and the output material is LIB
batteries with LFP cathodes.

LIB manufacture This stage represents

the total LIB batteries market including LFP
cathodes. The input material stream is the

total LIB cathodes produced (all chemistries)
and the output represents the total LIB battery
production. The LIB market shares for 2018 are
presented in Figure 2.

The final stages represent key end-use sectors
for the LIB batteries market. These include the
automotive, industrial uses (e.g. in power tools)
and energy storage, electronics and other minor
uses of LIB batteries.

use of lithium in markets other than batteries,

Table 1 LIB cathode chemistries considered in the MFA model.

Cathode chemistry

Lithium Iron Phosphate (LFP)

Lithium Nickel Manganese Cobalt Oxide
(NMC 532)

Lithium Nickel Manganese Cobalt Oxide
(NMC-111)

Lithium Nickel Manganese Cobalt Oxide
(NMC-622)

Lithium Nickel Manganese Cobalt Oxide
(NMC-811)

Lithium Manganese Oxide (LMO)
Lithium nickel cobalt aluminium oxide (NCA)

Lithium Cobalt Oxide (LCO)
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LiFePO, 4.40
LiNi,;Mn,,Co,,0, 719
LiNi, ,Mn, .Co, .0, 719
LiNi,;Mn,,Co,,0, 716
LiNi,gMn,.Co,,0, 713
LiMn,O, 3.84
LiNiy 5C0415AL, 050, 722
LiCoO, 709
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Lithium iron phosphate 38% Lithium cobalt oxide 14%

Lithium manganese oxide 6% Lithium nickel manganese

cobalt oxide 33%

Lithium nickel cobalt
aluminium oxide 9%

Electronics 26% Other applications 12%

Market

shares Automotive 57%
2018

Industrial & ESS 5%

Figure 2 (a) Cathode active materials market shares for 2018, reproduced from (Or, Gourley et al. 2020), (b)
LIB market shares for 2018. Modified after Sanders, 2017 (Sanders, 2017).

Continuous casting mold

i 0,
flux powders 2% Air treatment 1%

Polymer production 2% Market Other uses 6%
shares
Lubricating greases 4% 2018 Batteries 71%

Ceramics and glass 14%

Figure 3 End use market shares of lithium compounds. Data from US Geological Survey (USGS) (USGS
2021a).
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3 Quantification of

material flows

The material flows analysis model developed is
presented in Figure 4. The calculations undertaken
to quantify the flows of lithium across this cycle

are presented in the spreadsheet attached to this
report. A variety of calculations are required to
come up with the figures presented in the model
and a wide range of data sources have been used
to produce these.

Some key points to consider when exploring this
model are:

The visualisation used is a Sankey diagram. The
width of the Sankey bars is proportional to the
mass of the lithium found in a particular stage.
All figures are reported in tonnes of contained
lithium.

This is a static model developed for a single year
(2018).

For the first two stages (extraction and
processing) we follow the flows of materials
based on the two key geological lithium
sources. Lithium is produced either from lithium
brines, or from hard rock deposits producing the
lithium bearing mineral spodumene.

Data availability and accessibility is a major
obstacle to undertaking this type of work.
Information available from reported sources is
very limited, so several calculations are based on
our own estimates using informed assumptions
and mass balances.

Stakeholder consultation is critical for refining
the system understanding, gathering data and
evaluating calculations. We have engaged

with a range of stakeholders from the mining,
processing and beneficiation, as well as battery
chemistry domains to refine and inform some of
our figures.

For lithium derived from brine deposits, our
calculations have considered the following
figures:

BGS . .
u Global material flows of lithium

average brine density of 1208 kg/m3
average lithium concentration of 0.083 wt. %
average lithium recovery rate of 50%

For lithium derived from hard rock deposits the
following are considered:

only the spodumene production is going
into the battery market

average recovery of spodumene at the mine
stage is 60%, the rest ending in mine waste

non-spodumene lithium production is
utilised in applications and markets that are
not related to batteries

average recovery of lithium carbonate from
spodumene is 85%

For quantifying the lithium in the cathode and
battery manufacture stages we utilised the
market shares presented in Figure 2. For LIBs we
assumed an average lithium concentration of
0.12kg/kWh.

The stocks of lithium in cathode manufacture and
LIB manufacture are calculated by mass balance.
They are likely to include not just material in
stocks collected in a particular stage, but also
losses of material e.g. from manufacturing waste
which we were not able to quantify.

The uncertainties associated with data are likely
to be high in particular for the cathode and LIB
manufacturing stages as the majority of data
are not found in open public data but in private
databases. Also, both of these manufacturing
stages are dominated by China, meaning that
related data are even more difficult to locate
and access.

The model developed is by no means
complete and without uncertainties.
Nevertheless, it provides important insights
regarding the lithium availability and potential
for growth of the battery market.
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4 Conclusions and
recommendations

The model outlines the lithium journey from
extraction to lithium-ion battery (LIB) manufacture
with additional information provided on the lithium
iron phosphate (LFP) batteries flows (Figure 4).
Although the demand for lithium is a subject of
constant discussion due to its use in LIBS supporting
a range of decarbonisation technologies (e.g.
electric vehicles and energy storage solutions), our
understanding of the supply of lithium and potential
bottlenecks has been based on qualitative rather
than quantified information. Attempts to quantify
the global lithium cycle were undertaken in the
past, but this information requires further refinement
and update, which we hope to have enhanced
through our work. Previous models (Hao, Liu et

al. 2017, Sun, Hao et al. 2017, Calisaya-Azpilcueta,
Herrera-Leon et al. 2020) are based on 2015 figures,
have specific geographical focus (e.g. China) or

a different perspective (e.g. trade linked global
model), the system understanding of the upstream
stages (mining, refining) is missing the geological
understanding and therefore is not properly defined,

Canada 4,092

Zimbabwe 1,332

Nigeria 29

Namibia 88

Portugal 535

Australia 72,740

and finally losses to the environment are not
quantified.

Our key findings and recommendations are
summarised below:

The hard rock deposits dominated production
of lithium in 2018. This was not the case a few
years back, where lithium from brine deposits
comprised the primary source. The change

in the primary source supply dynamics has
geographical implications i.e. for the first time
Australia has become the biggest lithium
producer with Chile coming into the second
place in 2018 and 2019 (Figure 5). An additional
implication of this change is in the processing
and beneficiation stages as brine producers
would commonly trade lithium compounds (i.e.
lithium carbonate), whilst Australia would trade a
concentrate which requires further processing,
often taking place in China, to produce lithium
compounds (Figure 6).

United States 900

Argentina 6,526

Bolivia 43

Brazil 213

Chile 18,052

China 7,100

Figure 5 Global mineral production of lithium in 2018 in tonnes of contained lithium (BGS 2021).
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Figure 6 The LIB supply chain and key counties participating in this. Differences between the

LIB and LFP supply chains are presented.

An important result of the MFA model are the
losses of lithium observed in waste both at

the mining but also at the processing stages.
These figures should be treated with caution
however, as the recovery rates and processing

technology varies between different operations.

Nevertheless, overall the recovery rates

from brine deposits are about 50% and from
spodumene deposits around 60%, which
means that significant quantities of lithium are
not recovered and ends up in the waste stream.
In the processing stage recoveries are higher
(~85%), but not as high as for other industrial
metals that are often above 90%.

The battery compound market did not
monopolise the global lithium markets in 2018,
but it has been growing fast since 2015. In 2010
the lithium battery market share was estimated
to be 31%, in 2018 46%, and in 2021 71% (USGS
2021b). The lithium battery compounds market
is developing at pace, but without new supply
coming on stream at the same rate means that
supply issues are likely to occur in the future.
This could likely cause competing demands
with other lithium markets and potential
disruption, but also price spikes and impacts on
the downstream supply chain.

There is an important imbalance between the
cathode and LIB manufacturing stages, which
we can only explain with stocks of lithium being
built up in the system. This finding is in line with
several reports mentioned by market analysts

suggesting oversupply of lithium in the market in
this year (Shabalala 2018, Erkan 2019).

LIB LFPs were the second largest cathode
market after NMC cathodes. Their manufacture
and use have been taking place almost solely
in China. In recent years however the LFP
cathodes seem to have made a comeback
and projections suggest increasing demand
for them from automotive and energy storage
applications. This is due to several reasons,
including new EV safety regulations in China,
the fact that patent restrictions over LFPs are
expiring in 2022 and supply restrictions with
materials essential in other cathode chemistries,
such as cobalt (Roskill 2020). Changes such

as these are likely to have impacts across the
whole lithium supply chain. At the same time,
this is an opportunity for countries such as
Bolivia who are willing to proceed with the
commercialisation of LFP batteries.

There are data uncertainties associated with
all stages of the supply chain. The stages of
cathode and LIB manufacture are not reported
in a consistent and comprehensive way. Data
are dispersed and not fit-for-purpose, whilst
common reporting of statistical data do not
offer the resolution required to undertake

this type work. Considering the global

focus on decarbonisation technologies and
LIBs means that these markets are likely to
increase significantly over the short-term.
There is a need for data reporting to change

Global material flows of lithium @



to allow the monitoring of the decarbonisation
transformation taking place. Reporting of
production, sales, consumption and trade data
should be accompanied by good metadata
information. For example, for cathodes and
batteries distinguishing the different chemistries
and material content is of critical importance not
only for understanding material consumption
and demand, but also for exploring resource
efficiency routes at the end-of-life. Reporting of
waste, scrap and recycling data should link to
industrial production processes and provide
information on material and substance content.
Only through good data reporting we can
ensure frictionless supply and proper use of
resources at the end of their life.

In 2018, the automotive manufacture comprised
the largest consumer of lithium in comparison
to all other end uses, followed by electronics,
energy storage and industrial uses. For the LFP
cathodes, the automotive manufacture was also
the largest consumer of lithium, with energy
storage and industrial uses being the second
dominant end use consumer.

BGS ; i
u Global material flows of lithium

The lithium market is extremely dynamic with
significant changes occurring from one year to
the next. There is a need therefore for further
enhancement of our current model to a dynamic
form that explores transformation pathways,
develops future scenarios, looks in more detail
at the environmental impacts of different stages
and includes the ‘use’ and ‘end-of -life’ stages
too. This would require a deep-dive in lithium
and significant stakeholder engagement to
produce such an enhanced model.



AppendiX

The calculations, data and data sources utilised
for this model development can be found in the
supplementary information and by clicking the link

below.

PDF
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D2.4 LIB LFP batteries in other applications

Material flows

LFP material flows
Waste flows
System boundaries

—_—

Stocks

Automotive
EVs

Industrial
& ESS

Electronics

Other





EXTRACTION

A0.0.1 Average pumping rate of brine extraction in Salar de Ata

A0.0.2 Gross daily lithium brine extraction - Chile
A0.0.3 Gross annual lithium brine extraction - Chile

A0.0.3 Gross annual lithium brine extraction-Chile

AO0.0.4 Gross annual lithium brine extraction - Chile

A0.0.5 Ratio of gross lithium brine extraction to lithium
carbonate production

A1.0 Gross lithim brine production (mine)

Al.1 Lithim brine production (mine - concentrated)

A1.2 Lithium hard rock mineral production (spodumene)
A1.3(i) Tailings lithium mineral production (mine)

A1.3(ii) Waste brine production (mine)

A1.3 Mine waste production

Al.4 Lithium hard rock (non-spodumene) feeding into other
manufacture

PROCESSING

B1.0.1 Production of lithium carbonate (from brine)

B1.0.2 Production of lithium carbonate (from hard rock)
B1.0 Production of lithium carbonate TOTAL

B1.1 Production of lithium compounds for the battery market -

gross
B1.1.1 Production of lithium compounds for the battery
market - net

B1.2 Production of other lithium compounds

B1.3.1 Processing waste from lithium carbonate brine
production route

B1.3.2 Processing waste from lithium carbonate hard rock
production

B1.5 Processing waste

CATHODE MANUFACTURE

C1.0.1 Global LIB cathode production

C1.0.2 Global LFP cathode production

C1.1 Global LIB cathode production

C1.2 LFP cathode manufacture

C1.1.1 Other LIB cathode manufacture (excl. LFP)

S1: Stock of lithium cathode compounds
LFP BATTERY MANUFACTURE

D1.0.0 All LIB sold

D1.0 All LIBs sold

D1.1 LIBs used in automotive battery manufacture
D1.2 LIBs used in Industrial, ESS

D1.3 LIBs used in electronic devices

D1.4 LIBs used in other applications
D2.0 LIB with LFP cathodes all markets

D2.1 LIB LFP in Automotive
D2.2 LIB LFP in Industrial & ESS
D2.3 LIB LFP in Electronics

D2.4 Other

Value Unit

1.5 m3/sec

129,600 m3

47,304,000 m3

57,143,232 tonnes

47,429 tli

2.50 Ratio

72,769 tli

36,385 tlLi

66,049 tlLi
26,420 tlLi

36,385 tli
62,804 tlLi

1,984 tlLi

29,072 tli
56,142 tlLi
85,214 tli
39,198.26 tli
20,710.67 tli

46,015.35 tlLi

7,313 tli

9,907 tlLi

17,220 tlLi

350,000 tcathode

133,000 t cathode

20,711 tlLi

5849 tlLi

14862 tLi

18488 tlLi

14940 tLi

18674 tLi
12334 tLi
934 tlLi
4855 tLi

2241 tlLi
7,096 tlLi

4628 tLi
1543 tLi
617 tlLi

309 tlLi

Year

2018 Atacama, Chile

2018 Atacama, Chile

2018 Atacama, Chile

2018 Atacama, Chile

World but based on

Atacama brine

2018 extraction figures

2019 Chile

2018 World

2018 World

2018 World
2018 World

2018 World
2018 World

2018 World

2018

2018 World
2018 World
2018 World
2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2018 World

2017 World

2018 World
2018 World
2018 World
2018 World

2018 World
2018 World

2018 World
2018 World
2018 World

2018 World

Geographical cover

Data source

[0S] 14

[E] 13

[E] 13

[E] 13

[E] 5,13

[E] based 13, 2

[E] based on 2, 13

[E] based on 2

[0s] 2
[E] basedon 2,4,6,7,8

Type of data

[OS] -Original
[E] - Estimate
[E] - Estimate
[E] - Estimate
[E] - Estimate
[E] - Estimate
[E] - Estimate

[E] - Estimate

[OS] -Original
[E] - Estimate

[E] based on own notes from field 1 [E] - Estimate

[E] A1.3(1) plus A1.3(ii)

[0S] 2

[0S] 2

[E] based on 2, 4

[E] based on 2, 5

[E] based on 2, 3

[E] based on B1.1 and S1

[E] based on B1.0 and B1.1

[E] based on A1.0

[E] based on B1.0.2 and A1.2
[E] B1.5.1 plus B1.5.2
[0S] 12

[E] based on C1.0.1, 12, 10

[E] based on C1.0.1, 12, 10

[E] based on C1.0.2

[E] based on C1.0.1, C1.1

[E] based on mass balance

[E] based on 12, 11

[E] based on D1.0.0 and 12
[E] basedon 1, 11

[E] based on D1.0, 12

[E] based on D1.0, 12

[E] based on D1.0, 12
[E] based on D1.0

[E] based on 9 and D2.0
[E] based on 9 and D2.0
[E] based on 9 and D2.0

[E] based on 9 and D2.0

[E] - Estimate

[OS] -Original

[OS] -Original

[E] - Estimate
[E] - Estimate
[E] - Estimate

[E] - Estimate

[E] - Estimate

[E] - Estimate

[E] - Estimate
[E] - Estimate

[OS] -Original

[E] - Estimate

[E] - Estimate

[E] - Estimate
[E] - Estimate
[E] - Estimate
[E] - Estimate
[E] - Estimate

[E] - Estimate

[E] - Estimate

[E] - Estimate
[E] - Estimate
[E] - Estimate

[E] - Estimate

[E] - Estimate
[E] - Estimate
[E] - Estimate

source

source

source

source

source

Comments

Based on figures reported for 2018 in Figure 4 of this paper.
Based on A 0.0.1. Multiplied by 60(sec)*60(min)*24hr to produce a
daily figure

Based on A 0.0.2. Multiplied by 365 days to produce an annual figure
Based on A0.0.3. Calculated by multiplying A 0.0.3 by the average brine
density 1208 kg/m3 and changing to tonnes.

Calculated by multiplying A 0.0.3 by the average Li concentration in
brine 0.083% wt. The average brine concentration calculated based on
the Munk et al 2016 paper is estimated at around 0.5 g/I. However, this
includes the majority of known salars, many not producing as yet. The
producing sites tend to have concentrations higher than this ranging
between 0.5g/I to 1.5 g/I. We therefore assumed that a realistic brine
concentration would be somewhere in the middle of these too figures
and converted this to wt %. - 0.083%

Brine extraction (well) to lithium carbonate extraction ratio calculated
using the SQM data as a basis divided by the Chile Li production figure
(18,948 tLi) recorded by source 2.

Calculated by using the generic ratio estimated in A0.0.5 This equals to
2.5 t Li brine required to produce 1t Li of Li2CO3 .

This represents the Li rich brine concentrated at the end of the
evaporation process and an assumed average recovery efficiency of
50%

This represents the spodumene production only. We assume that it all
goes into the battery market.

Assuming average recovery of 60%; source 6, 7, 8

Assuming average efficiency of 50%, although depending on the
operation this figure can vary from 30% to 70%. This is by no means all
waste, because throughout the evaporation process different minerals
are extracted and processed for industrial production e.g. KCl, KNO3
etc. In this case we simplify our approach and assume that this material
flow is waste as no more lithium is revovered. Also in many operations
there is reinjection of brine taking place, which means that between 10
to 20% of the extracted brine is reinjected into the salar. However, this
is not a universal practice .

A1.3(i) and A1.3(ii)

From BGS World Mineral Statistics

From BGS World Mineral Statistics; We assume that the total lithium
brine production is convenrted into lithium carbonate. Currently
lithium brines are converted into lithium carbonate prior to being
changed into different compounds.

Assumes an average recovery rate of Li2CO3 from spodumene to be
85%; We assume that the total spodumene production is going towards
lithium carbonate production.

Sum of B1.0.1 and B1.0.2

Based on battery market share for Li carbonate to be a flat rate of 46%
(based on USGS data). This is a gross figure

Estimating by subtracting the gross lithim compounds production figure
(B1.1) from the estimated stock figure.

Deduction of lithium carbonate battery grade from the total lithium
carbonate

The residual figures equal the concentrated brine entering the lithium
carbonate production (A1.0) minus the lithium carbonate produced
from brine (B1.0.1).

The residual figures equals the spodumene concentrate entering the
lithium carbonate production process (A1.2) minus the lithium
carbonate produced from hard rock (B1.0.2).

This is the sum of B1.3.1 and B1.3.2

Estimated based on a CAGR of 14% reported by source 12 for 2016

Figure calculated based on the 2018 reported tonnage by 12 and the
cathode materials shares (LFP 38%) reported by 10 for 2018

Estimated based on source 12 and stoichiometric calculation of
different cathode chemistries and their market shares given by source
10

Estimated based on stoichiometry of LFP (LiFePO4) and the global 2018
LFP production figure. The mass percentage of lithium equals to
4.437% based on stoichiometry.

Estimated by subtracting the global LFP cathode production (C1.1) from
the global LIB cathode production (C1.0.1)

We estimate this by mass balance. We assume that the difference
between input flow to output flow corresponds to stocks of lithium
compounds for cathode materials. It is very likely that some of this
material corresponds to manufacturing waste, but no data to estimate
this material flow has been found.

Estimated based on GWh of LIB sales reported for 2017 (125 GWh).
Assumed an average Li content of 0.12 kg/Kwh

Estimated based on the D 1.0.0 figure and an average CAGR of 25%, as
reported by 22. Assumed an average Li content of 0.12 kg/KWh
Estimated based on the 2018 battery demand figures provided by
source 1 and source 11 data on battery metal content

Estimated using the 2018 LIB all sales market calculation and the
market shares for LIB sales provided by source 12

Estimated using the 2018 LIB all sales market calculation and the
market shares for LIB sales provided by source 12

Estimated using the 2018 LIB all sales market calculation and the
market shares for LIB sales provided by source 12

Estimated by multiplying the market share (65%) of the individual
sector estimated for 2020 by D2.0

Estimated by multiplying the market share (22%) of the individual
sector estimated for 2020 by D2.0

Estimated by multiplying the market share (9%) of the individual sector
estimated for 2020 by D2.0

Estimated by multiplying the market share (4%) of the individual sector
estimated for 2020 by D2.0





Data source No Title URL

1 Global EV outlook 2021 https://www.iea.org/reports/global-ev-outlook-2021

2 BGS World mineral production https://www?2.bgs.ac.uk/mineralsuk/statistics/worldStatistics.html
https://s3-us-west-2.amazonaws.com/prd-wret/assets/palladium/production/mineral-

3 USGS Mineral Statistics - Lithium. Mineral Commodity Summaries pubs/lithium/mcs-2018-lithi.pdf

Fosu, A.Y., Kanari, N., Vaughan, J., and Chagnes, A. (2020). Literature Review and Thermodynamic
4 Modelling of Roasting Processes for Lithium Extraction from Spodumene. Metals 10, 1312. https://www.mdpi.com/2075-4701/10/10/1312/htm

Munk, L. A,, S. A. Hynek, D. C. Bradley, D. Boutt, K. Labay, H. Jochens, P. L. Verplanck and M. W. Hitzman
(2016). Lithium Brines: A Global Perspective. Rare Earth and Critical Elements in Ore Deposits, Society of https://pubs.geoscienceworld.org/books/book/1998/chapter/16276487/Lithium-BrinesA-

5 Economic Geologists. 18: 0. Global-Perspective
Tadesse, B., F. Makuei, B. Albijanic and L. Dyer (2019). The beneficiation of lithium minerals from hard
6 rock ores: A review. Minerals Engineering 131: 170-184. https://doi.org/10.1016/j.mineng.2018.11.023
Galaxy Resource 2020 Corporate presentation - Deutsche Bank Lithium & Battery Supply Chain
7 Conference 2020 https://gxy.com/corporate-presentation-november-2020/
http://www.pilbaraminerals.com.au/site/investors-media/reports-and-
8 Pilbara Minerals 2021 Corporate presentation announcements/presentations

http://www.avicenne.com/pdf/Lithium-

lon%20Battery%20Raw%20Material%20Supply%20and%20Demand%202016-

2025%20C.%20Pillot%20-%20M.%20Sanders%20Presentation%20at%20AABC-
9 Avicenne Energy 2017 Lithium-ion battery raw material supply and demand 2016 - 2025 US%20San%20Francisco%20June%202017.pdf

Or, T.,S. W. D. Gourley, K. Kaliyappan, A. Yu and Z. Chen (2020). Recycling of mixed cathode lithium-ion

10 batteries for electric vehicles: Current status and future outlook. Carbon Energy 2(1): 6-43. https://doi.org/10.1002/cey2.29
Olivetti, E. A., G. Ceder, G. G. Gaustad and X. Fu (2017). Lithium-lon Battery Supply Chain
11 Considerations: Analysis of Potential Bottlenecks in Critical Metals. Joule 1(2): 229-243. 10.1016/j.joule.2017.08.019

12 Avicenne Energy (2018) The Rechargeable Battery Market and Main Trends 2017 2025.

Marazuela, M. A., E. Vazquez-Suiié, C. Ayora and A. Garcia-Gil (2020). Towards more sustainable brine
extraction in salt flats: Learning from the Salar de Atacama. Science of The Total Environment 703:
13 135605. https://doi.org/10.1016/].scitotenv.2019.135605




https://doi.org/10.1016/j.mineng.2018.11.023

http://www.avicenne.com/pdf/Lithium-Ion%20Battery%20Raw%20Material%20Supply%20and%20Demand%202016-2025%20C.%20Pillot%20-%20M.%20Sanders%20Presentation%20at%20AABC-US%20San%20Francisco%20June%202017.pdf

http://www.avicenne.com/pdf/Lithium-Ion%20Battery%20Raw%20Material%20Supply%20and%20Demand%202016-2025%20C.%20Pillot%20-%20M.%20Sanders%20Presentation%20at%20AABC-US%20San%20Francisco%20June%202017.pdf

http://www.avicenne.com/pdf/Lithium-Ion%20Battery%20Raw%20Material%20Supply%20and%20Demand%202016-2025%20C.%20Pillot%20-%20M.%20Sanders%20Presentation%20at%20AABC-US%20San%20Francisco%20June%202017.pdf

http://www.avicenne.com/pdf/Lithium-Ion%20Battery%20Raw%20Material%20Supply%20and%20Demand%202016-2025%20C.%20Pillot%20-%20M.%20Sanders%20Presentation%20at%20AABC-US%20San%20Francisco%20June%202017.pdf
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