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A&B on an equipment tag number means that two like items, usually identical, are in use at once. Typically each is sized
to process half of the full stream flows

A,B on an equipment tag number means that two identical items are each sized to process the full stream flows. Item B
is either on standby, alternating in usage with A, or is a spare

Block flow diagram

Brinell Hardness Number, describes the hardness of a material based on the impression left by a known load

Battery limits investment

British thermal unit(s)

Chromium carbide overlay

Condensate

Compression ratio

Carbon steel

Diameter

A mineral of chemical composition at the far end of a mineral series in terms of purity

Cubic feet

Commercially valueless material that is mixed with desired mineral(s) in run-of-mine ore

General and administrative, sales, and research (a cost category)

The average grade of ore delivered, to a processing plant or (most typically) to a mill, expressed as wt% Li,O

Hour(s)

Kilogram(s)

Kilotons per annum, kilotons per year

Kilowatts

Kilowatt hours

Aspect ratio, (length or height)/diameter

Pound(s)

Lithium carbonate equivalents, a quantitative measure of the lithium content in a material, wherein the weight of lithium
is converted into the weight of a stoichiometrically equivalent amount of lithium carbonate

Abbreviation for lithium carbonate (used in some chart labels)

Life of mine, the number of years that a project is expected to mine ore

Life of mine plan, the number of years the project is active, including upfront preparations and shutdown operations
Meter(s)

Square meter(s)

Cubic meter(s)

Mild steel

Minute(s)

Milliliter(s)

Millimeter(s)

Million

Rock lying above a target ore deposit that must be removed before mining can commence

A negative Pgy means that 80% of the material has maximum dimension less than the absolute value of Pgy, and a
positive value means that 80% of the material has maximum dimension greater than the absolute value of Pgg

Process flow diagram

This acronym has been used to mean “pregnant liquor solution”, in reference to a purified solution of LiOH that is ready
to be crystallized. PLS is more commonly used to mean “primary lithium sulfate”, in reference to Li»SO4*H-0O. To avoid
confusion, this acronym is not used herein

Parts per million

Parts per million by weight

In reference to solubility, this means that solubility increases as the temperature is increased

Pounds per square inch. In this work, psi denotes psia

Pounds per square inch absolute

Pounds per square inch gauge

Rubber coated

In reference to solubility, this means that solubility decreases as the temperature is increased

Relative humidity, the amount of water vapor in air as a percentage of that needed for saturation at a given temperature
Rubber lined

Return on investment
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ROM Run-of-mine, crude unprocessed ore coming from the mine

s Second(s)

SC6 Spodumene concentrate containing 6 wt% lithium oxide, Li,O. SC5.5 contains 5.5 wt% Li,O
scm Standard cubic meters

SS Stainless steel

Strip ratio The volume of all waste mined (overburden plus rejected rock) divided by the volume of ROM ore sent for processing
TC Tantalum concentrate, containing 2 wt% tantalum(V) oxide in the present analysis

TFC Total fixed capital

Ton(s) Tons in this work means metric ton(s), also known as tonne(s)

tpa Tons per annum, tons per year

tph Tons per hour

USGS United States Geological Survey

WHIMS Wet high intensity magnetic separation(s)

wit% Weight percent

y Year(s)
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Abstract

Global demand for lithium is currently about 173 kta, is forecast to more than double by the end of 2027, and could then
increase more than 3-fold by 2040. Almost all of this increased consumption will go into passenger electric vehicles.

Although mining produces only about 134 kta of lithium worldwide now, the high volume of identified resources shows that
supplying this expanding market is possible. New exploration developments and new mining efforts are being announced
worldwide. Among battery chemicals, lithium hydroxide monohydrate is currently critical to enabling this future.

About 64% of mined lithium comes from hard rock ore now, and this proportion is expected to increase. Pegmatite ore
often contains significant lithium mineral deposits. Among lithium-bearing minerals, spodumene has the highest lithium
content and is also among the most common. A concentrate of spodumene is extracted from run-of-mine ore, and battery-
grade lithium hydroxide monohydrate is produced from spodumene concentrate containing 6+% by weight lithium oxide.

This first-of-a-kind report presents design and Level 3 economics for the following processes and operations.
— Production of lithium hydroxide monohydrate (LHM) from spodumene concentrate

—  Production of lithium carbonate from spodumene concentrate via LHM

— Production of spodumene concentrate from run-of-mine ore, and

— Mining of a pegmatite ore.

The production capacities of the mine and adjacent ore processing plant are 1,610 kta and 197 kta, respectively, with ore
production matching the feed rate of ore into the processing plant.

The LHM plant design produces 31 kta of battery grade LHM. If used to produce nickel-manganese-cobalt cathode active
materials, at the present state-of-the-art, this rate of LHM production equates to about 50-55+ GWh of energy per year.
The lithium carbonate plant uses the same feed rate of 6 wt% spodumene concentrate as used for the LHM plant and
produces 27 kta of battery grade product.

Bottom-up economics for the mine and ore processing plant are presented based on a Canadian location, and those for
the LHM and lithium carbonate plants are presented for locations on the U.S. Gulf Coast, Canada, and China. Because
prices for lithium-based materials were extraordinarily volatile during preparation of this report, some cost strips are
presented for two different time periods spaced 6 months apart.

The process designs are described in detail, with discussion of key process features and the process economics results.
Technical aspects of lithium materials production in the LHM value chain are reviewed. Waste streams and carbon
footprints for these processes are provided and discussed. The lithium raw materials industry is briefly overviewed.

The iPEP Navigator Lithium Materials interactive module provided with the report gives an economic snapshot for each
process, allowing the user to select and compare the processes, units, and geographical regions of interest. In the case of
lithium materials production, care is advised if comparing economics between regions (or even two mines within the same
region) because some process parameters are sensitive to variable ore compositions.
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