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Highlights
➢ The Electric Vehicle (EV) revolution, fueled by the pursuit for a greener planet, is expected to impact the
supply chain of multiple commodities. The most commonly discussed EV-related commodities are nickel,
cobalt, lithium, and graphite. In this report, we review three relatively under-followed commodities Rare Earth Elements (REEs), niobium, and fluorspar. EVs are expected to be their biggest long-term
demand driver.
➢ We are projecting a large supply deficit for REEs and fluorspar; both are currently used in EVs.
Niobium demand is currently driven by steel, but niobium batteries (which are under development), if
commercialized, will push the market to a significant supply deficit. Commodity price projections are
beyond the scope of this report.
➢ EV sales surged 168% YoY, to 2.65M, in H1-2021. The International Energy Agency (IEA) forecasts
145M EVs on the road by 2030, up from just 11M in 2020.
➢ Neodymium-Iron-Boron rare earth magnets (NdFeB or neo-magnets) are an essential component of EVs,
due to their superior strength per unit weight and volume. Each EV requires approximately 10 kg of
REEs.
➢ Fluorspar’s use in EVs is currently a niche market. In Lithium-Ion Batteries (LIBs), fluorspar is used along
with lithium as the electrolyte. An EV battery is estimated to contain 0.9 kg of fluorspar. There are
ongoing studies for the development of Fluoride-Ion-Batteries (FIBs). Although FIBs are far from
commercialization, preliminary tests indicate superior results.
➢ Niobium has a wide range of uses from jet engines to superconducting magnets. Studies indicate that
niobium-based EV batteries enable faster charging times, longer range, and improved safety for LIBs.
➢ China is the largest producer of REEs and fluorspar. Brazil is the largest producer of niobium. China’s
dominance, and rest of the world’s reliance on China, are prompting North America to take initiatives to
improve the global supply chain of battery and critical minerals. We believe high-quality REEs and
fluorspar projects outside China will be sought after.

All figures are in US$.
*See last page for important disclosures, rating, and risk definitions.
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The EV Revolution

Surging EV sales

6.4M EVs are
expected to be sold
in 2021, up 98%
YoY from 3.2M in
2020

Source: ev-volumes.com
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Declining battery
costs is the primary
driver of EV sales

Prices of EVs are
expected to be
competitive starting
2024

The IEA forecasts
145M EVs on the
road by 2030;
annual sales are
expected to increase
to 30M by 2030
(consensus)
The IEA projects
sales of 13M-20M
by 2025, and 26M47M by 2030

Source: IEA Global EV Outlook 2021
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Rare Earth Elements (REEs)

REEs are a group of
17 elements

Source: Geomega
Unlike what their name may imply, REEs are more abundant than most of the
mainstream precious and base metals. REEs are limited in supply because they
are rarely found in concentrations viable for economic extraction.
Furthermore, separating ore into single elements of high purity is a challenging
process due to their similar chemical properties.

China, Brazil, and
Tanzania have the
largest reserves,
accounting for 76%
of the total

Source: USGS
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China is the leading
producer, and
accounted for 58%
of global production
in 2020
Sources indicate
that China accounts
for over 90% of
global production,
when
undocumented
production is
included

Source: USGS
Rare Earth
Element

REEs have a wide
range of industrial
applications

Symbol

Atomic
Number

Scandium

Sc

21

Yttrium

Y

39

Lanthanum

La

57

Cerium

Ce

58

Praseodymium
Neodymium
Promethium
Samarium
Europium

Pr
Nd
Pm
Sm
Eu

59
60
61
62
63

Gadolinium

Gd

64

Terbium

Tb

65

Dysprosium

Dy

66

Holmium
Erbium

Ho
Er

67
68

Thulium

Tm

69

Ytterbium
Lutetium

Yb
Lu

70
71

Current Applications
Aerospace, sports equipment,
lamps for film industry
Phosphors , ceramics, metal
alloys
Batteries, catalysts for petroleum
refining
Autocatalysts, Chemical Catalyst,
glass polishing, metal alloys
High power magnets, yellow
ceramic pigment, Autocat
High power magnets
Beta radiation source
High temperature magnets,
fluorescent lighting
Magnetic resonance imaging
contrast agent, nuclear reactor
rods
Phosphors for lighting, high
power high temperature magnets
High power high temperature
magnets, lasers
Highest power magnets in
existence
Lasers, glass colourant
Ceramic magnetic materials
which are still under development
Fibre optic technology, solar
panels
PET scanners

Source: lynasrareearths.com
Critical importance
in permanent
magnets
(accounting for 38%
of total demand),
electronics,
aerospace, clean
energy, electric
vehicles, and wind
turbines

Source: Natural Resources Canada
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Neodymium-Iron-Boron rare earth magnets (NdFeB or neo-magnets) are an
essential component of electronics and automobiles. Their superior strength per
unit weight and volume makes them an integral part of EVs and wind turbines,
allowing for more efficiency and reduced energy consumption. NdFeB magnets
have life cycles depending on their applications: as long as 20 – 30 years in wind
turbines, and as short as 2 – 3 years in consumer electronics. Their weights vary
by application, ranging from 1,000-2,000 kg in modern wind turbines, 1-2 kg in EVs,
and less than 1 g in small consumer electronics. Adding all other applications,
approximately 10 kg of REEs are used in an EV.

EVs will be the
primary long-term
demand driver; 10
kg of REEs per EV

Source: mineralprices.com

EVs to account for
40% of demand for
magnets

Demand for NdFeB
magnets is expected
to increase from 110
Kt in 2020, to 230 Kt
by 2030

Applying 10 kg of REEs for each EV to consensus EV sales forecasts (presented
earlier in this report), we arrived at the following demand projections. We are
assuming supply to grow at historical rates.
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Long-term supply
deficit projected for
REEs

Source: USGS and FRC

Among the 17
REEs, the following
four (used in
magnets) are
expected to
experience the
strongest demand
growth - Neodymium
(Nd), Praseodymium
(Pr), Terbium (Tb),
and Dysprosium
(Dy)
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Prices of these four
REEs are up
significantly YoY,
due to supply
disruptions (induced
by the pandemic),
the trade war
between the U.S.
and China, and
rising demand for
magnets

Fluorspar
Fluorspar or fluorite is an important industrial mineral composed of calcium and
fluorine.

Mexico has the
largest fluorspar
reserves

Source: USGS
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China is the largest
producer, followed
by Mexico and
Mongolia

Source: USGS
Fluorite is a common mineral in hydrothermal and carbonate rocks worldwide, and
has a wide range of applications based on its purity.

Grade
Wide range of
applications

Acid
Ceramic
Metallurgical
Optical
Lapidary

Types and Uses of Fluorspar
Fluorine Content
Uses
production of hydrofluoric acid for
97% and more
foam, refrigerants, fluoride
85-96%
glass, ceramic, teflon production
20-60 lbs fluorite per ton of iron,
60-85%
steel, metal produced
Below 60%
lenses
Below 60%
ornamental

Source: geology.com

A key component in
LIBs (acidspar)

Source: mahamines.com
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Fluorspar’s use in EVs is currently a niche market. In LIBs, fluorspar is used along
with lithium as the electrolyte - the medium that connects the cathode and the
anode. There are ongoing studies for the development of Fluoride-Ion-Batteries
(FIBs) – wherein lithium is replaced by fluoride. Although we believe that FIBs are
far from commercialization, studies to date have indicated that FIBs can offer up to
10x the energy density vs LIBs.
An EV battery is estimated to contain 0.9 kg of fluorspar. Applying this to
consensus EV sales forecasts, we arrived at the following demand projections
(shown in the chart below). We are assuming supply to grow at historical rates. Our
demand forecasts will be significantly higher if FIBs replace LIBs, as FIBs require
significantly higher quantities of fluoride.

Long-term supply
deficit projected for
REEs

Source: USGS and FRC
Global Fluorspar Prices
350

Fluorspar prices
have increased on
rising EV sales

US$ Per MT
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Source: USGS
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Niobium
Niobium is a soft, gray-white metal with a high melting point, and relatively low
density. Niobium is classified as a ‘strategic metal’ by the U.S. due to its
applications in aerospace and defense.

Brazil is the largest
producer, and holds
the largest reserves

There has not been
any new niobium
project since 1976

Source: USGS
Uses
90% of niobium is used for manufacturing High-Strength, Low Alloy steel (HSLA).
Niobium steel is used for pipelines, transportation, and structural applications, such
as bridges and buildings.
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Source: www.cradleresources.com

According to the
World Steel
Association, 500 g
of niobium reduces
a car’s weight by
100 kg, and
increases fuel
efficiency by 5%

Source: cbmm.com
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Due to its high-temperature applications, niobium super-alloys are used in jet
engines, gas turbines, rocket sub-assemblies, turbocharger systems, and
combustion equipment. Niobium alloys are also used to manufacture
superconducting magnets for medical and scientific applications.
Development of Niobium Batteries – Toshiba (TSE: 6502) is developing a new
battery using titanium-niobium as the anode. Preliminary studies indicate that
Niobium-based
batteries under niobium-based materials can lead to faster charging times, longer range, and
development improved safety. EV start-up Bender Motors from Brazil estimates that an EV
battery pack will consume at least 2 kg of niobium.
Niobium Demand
Although niobium batteries are under development, sources indicate that an EV
currently requires 200 g of niobium. Applying this to consensus EV sales forecasts,
we arrived at the following demand projections (shown in the chart below). Note
that the primary demand driver is steel. Our forecasts will be significantly higher if
niobium batteries are commercialized. We are assuming supply to grow at historical
rates.

The market is
expected to be in a
small deficit
Demand will be
significantly higher if
niobium batteries
are commercialized

Source: USGS and FRC
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Niobium Prices

Niobium prices have
been relatively
stable as production
is dominated by a
single producer
(CBMM) in Brazil

Source: USGS
In conclusion, we believe high-quality REEs and fluorspar projects, located
outside China, will be sought after. China’s dominance, and rest of the world’s
reliance on China, are prompting North America to take initiatives to improve the
global supply chain of battery and critical minerals.
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Fundamental Research Corp. Equity Rating Scale:
Buy – Annual expected rate of return exceeds 12% or the expected return is commensurate with risk
Hold – Annual expected rate of return is between 5% and 12%
Sell – Annual expected rate of return is below 5% or the expected return is not commensurate with risk
Suspended or Rating N/A— Coverage and ratings suspended until more information can be obtained from the company regarding recent events.
Fundamental Research Corp. Risk Rating Scale:
1 (Low Risk) - The company operates in an industry where it has a strong position (for example a monopoly, high market share etc.) or operates in a
regulated industry. The future outlook is stable or positive for the industry. The company generates positive free cash flow and has a history of profitability.
The capital structure is conservative with little or no debt.
2 (Below Average Risk) - The company operates in an industry where the fundamentals and outlook are positive. The industry and company are relatively
less sensitive to systematic risk than companies with a Risk Rating of 3. The company has a history of profitability and has demonstrated its ability to
generate positive free cash flows (though current free cash flow may be negative due to capital investment). The company’s capital structure is conservative
with little to modest use of debt.
3 (Average Risk) - The company operates in an industry that has average sensitivity to systematic risk. The industry may be cyclical. Profits and cash
flow are sensitive to economic factors although the company has demonstrated its ability to generate positive earnings and cash flow. Debt use is in line
with industry averages, and coverage ratios are sufficient.
4 (Speculative) - The company has little or no history of generating earnings or cash flow. Debt use is higher. These companies may be in start-up mode
or in a turnaround situation. These companies should be considered speculative.
5 (Highly Speculative) - The company has no history of generating earnings or cash flow. They may operate in a new industry with new, and unproven
products. Products may be at the development stage, testing, or seeking regulatory approval. These companies may run into liquidity issues and may rely
on external funding. These stocks are considered highly speculative.
Disclaimers and Disclosure
The opinions expressed in this report are the true opinions of the analyst about this company and industry. Any “forward looking statements” are our best
estimates and opinions based upon information that is publicly available and that we believe to be correct, but we have not independently verified with
respect to truth or correctness. There is no guarantee that our forecasts will materialize. Actual results will likely vary. FRC takes steps to ensure
independence including setting fees in advance and utilizing analysts who must abide by CFA Institute Code of Ethics and Standards of Professional
Conduct. Additionally, analysts may not trade in any security under coverage. Our full editorial control of all research, timing of release of the reports, and
release of liability for negative reports are protected contractually. Distribution procedure: our reports are distributed first to our web-based subscribers on
the date shown on this report then made available to delayed access users through various other channels for a limited time.
The distribution of FRC’s ratings are as follows: BUY (68%), HOLD (7%), SELL / SUSPEND (25%).
To subscribe for real-time access to research, visit https://www.researchfrc.com/website/subscribe/ for subscription options.
This report contains "forward looking" statements. Forward-looking statements regarding the Company and/or stock’s performance inherently involve risks
and uncertainties that could cause actual results to differ from such forward-looking statements. Factors that would cause or contribute to such differences
include, but are not limited to, continued acceptance of the Company's products/services in the marketplace; acceptance in the marketplace of the
Company's new product lines/services; competitive factors; new product/service introductions by others; technological changes; dependence on suppliers;
systematic market risks and other risks discussed in the Company's periodic report filings, including interim reports, annual reports, and annual information
forms filed with the various securities regulators. By making these forward-looking statements, Fundamental Research Corp. and the analyst/author of
this report undertakes no obligation to update these statements for revisions or changes after the date of this report. A report initiating coverage will most
often be updated quarterly while a report issuing a rating may have no further or less frequent updates because the subject company is likely to be in earlier
stages where nothing material may occur quarter to quarter.
Fundamental Research Corp DOES NOT MAKE ANY WARRANTIES, EXPRESSED OR IMPLIED, AS TO RESULTS TO BE OBTAINED FROM USING
THIS INFORMATION AND MAKES NO EXPRESS OR IMPLIED WARRANTIES OR FITNESS FOR A PARTICULAR USE. ANYONE USING THIS
REPORT ASSUMES FULL RESPONSIBILITY FOR WHATEVER RESULTS THEY OBTAIN FROM WHATEVER USE THE INFORMATION WAS PUT TO.
ALWAYS TALK TO YOUR FINANCIAL ADVISOR BEFORE YOU INVEST. WHETHER A STOCK SHOULD BE INCLUDED IN A PORTFOLIO DEPENDS
ON ONE’S RISK TOLERANCE, OBJECTIVES, SITUATION, RETURN ON OTHER ASSETS, ETC. ONLY YOUR INVESTMENT ADVISOR WHO KNOWS
YOUR UNIQUE CIRCUMSTANCES CAN MAKE A PROPER RECOMMENDATION AS TO THE MERIT OF ANY PARTICULAR SECURITY FOR
INCLUSION IN YOUR PORTFOLIO. This REPORT is solely for informative purposes and is not a solicitation or an offer to buy or sell any security. It is
not intended as being a complete description of the company, industry, securities or developments referred to in the material. Any forecasts contained in
this report were independently prepared unless otherwise stated and HAVE NOT BEEN endorsed by the Management of the company which is the subject
of this report. Additional information is available upon request. THIS REPORT IS COPYRIGHT. YOU MAY NOT REDISTRIBUTE THIS REPORT
WITHOUT OUR PERMISSION. Please give proper credit, including citing Fundamental Research Corp and/or the analyst, when quoting information from
this report.
The information contained in this report is intended to be viewed only in jurisdictions where it may be legally viewed and is not intended for use by any
person or entity in any jurisdiction where such use would be contrary to local regulations or which would require any registration requirement within such
jurisdiction.
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