Orior Capital
HONG KONG

Peak Resources PEK.AX
The most compelling rare earths play

Simon Francis
simonfrancis@oriorcap.com
+852 9389 5506
27 September 2021

Peak Resources, PEK.AX

27 September 2021

Important Disclaimer
This document is a marketing communication sponsored by Peak Resources (PEK); however, this document has been prepared by
Orior Capital, an independent third party, which is and shall continue to be the owner of this document.
It is being supplied to you solely for your information, and it is for informational and educational purposes only.
The information contained in this document has not been prepared or verified by PEK, and neither this document nor the information
contained in it should be considered as being endorsed by PEK or a recommendation by PEK (or any of its directors, officers, agents,
employees or advisers) in relation to investment in PEK.
This document is not investment advice.
This document does not and could not take into account your financial situation, objectives, needs, risk appetite, and other factors
pertaining to your circumstances. It is not personalised to your specific situation and is not personal investment advice. You should
consult with a qualified financial advisor before making any financial decisions
While every effort is made to ensure the information, facts, figures, data and analysis in this document are accurate, reliable and
credible, this document and the information contained in it has not been verified for its accuracy and certainty, and is subject to
material updating, revision and further amendment, and therefore the information contained in this document is not a substitute for
your own independent investigation and analysis. Any opinions expressed in this document are opinions only and nothing more.
Neither PEK nor the owner of this document is responsible for any errors or admissions. Therefore, in furnishing this document, neither
PEK nor the owner of this document undertake or agree to any obligation to provide you with access to any additional information or
to update this document or to correct any inaccuracies in, or omissions from, this document which may become apparent. This
document does not constitute an offer or invitation to subscribe for or purchase any securities and neither this document nor anything
contained herein shall form the basis of any contract or commitment whatsoever. In particular, this document is for information
purposes only and does not constitute an offer or invitation to subscribe for or purchase any securities.
This document may contain forward looking statements, estimates and projections which are subject to risks, uncertainties and
factors that may cause the results and outcomes to differ materially from those discussed herein. These forward-looking statements,
estimates and projections may constitute statements regarding intentions, beliefs or current expectations concerning, among other
things, PEK’s operations, condition, prospects, revenue generation, growth, strategies and the industry in which PEK operates. By
their nature, forward-looking statements, estimates and projections involve risks and uncertainties because they relate to events and
depend on circumstances that may or may not occur in the future, and actual outcomes could differ materially and adversely due to a
range of factors. Such forward looking statements are not necessarily endorsed by PEK, but in any case, these forward-looking
statements, estimates and projections speak only as of the date of this document and neither PEK nor the owner of this document
undertake any obligation to release any revisions to these forward-looking statements, estimates or projections to reflect events or
circumstances after the date of this document.
By reading this document you acknowledge, submit and adhere to this disclaimer and accept the liabilities incurred from your own
decisions. All information in this document is subject to change without notice, and therefore you and any other person who receives
this document should not rely or act upon it. Using this document and the information contained within it is at your own risk.
Accordingly, neither PEK nor any of its directors, officers, agents, employees or advisers take any responsibility for, or will accept any
liability or responsibility for any loss, damage, cost or expense whether direct or indirect, express or implied, contractual, tortious,
statutory or otherwise, in respect of, the accuracy or completeness of this document or the information contained in this document, or
for any of the opinions contained in this document, or for any errors, omissions or misstatements or for any loss, howsoever arising,
from the use of this document and the information contained in this document.
The owner of this document may or may not own shares in the companies discussed in this document. The owner of this document
has a long position in PEK.
This document is distributed free of charge and any unauthorized copying, alteration, distribution, transmission, performance, display
or other use of this material, without prior consultation with the owner of this document, is prohibited.

Front cover: View of the Weathered Bastnaesite Zone, and south over the South West Alluvial Zone,
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Executive summary
Peak Resources is developing the Ngualla-Teesside rare earths project comprising a mine
and concentrating plant in Ngualla, Tanzania, and a rare earths refinery in Teesside, UK.
The company aims to produce NdPr oxide and other high value refined rare earths
products. A bankable feasibility study (BFS), based on mining the Weathered Bastnaesite
Zone at Ngualla, was completed in 2017. An updated BFS is expected to be released in
1Q22. The Tanzanian government approved the award of a Special Mining Licence (SML) in
July 2021. The UK refinery is fully approved.
Peak looks unjustifiably cheap: A valuation framework is established that values Peak
based on a percentage of NPV prior to production, and at a multiple of earnings once
production commences. Trading at an enterprise value of just 10% of estimated posttax attributable NPV8 (US$1,012m), Peak looks incredibly cheap. Another DFS stage,
rare earths developer, Hastings Technology Metals, is trading at an estimated 62% of NPV.
Compared to Hastings, Peak has a substantially higher estimated NPV, a superior IRR,
lower expected capex, will capture higher margins by producing rare earth oxides, and has
a longer mine life. Yet in terms of EV/NPV, Peak is trading at an 84% discount to
Hastings.
Over the next one year, Peak is expected to complete a number of developments that
should significantly advance the project. This includes finalising the framework agreement
with the Tanzanian Government, completing an updated BFS (1Q22), front-end engineering
and design (FEED) studies, and further discussions for funding with export credit agencies
and other funding institutions, and around offtakes. Once these developments are
completed, and given the significant strengths of the Ngualla-Teesside project, it seems
reasonable to expect Peak to trade at a premium valuation. Valuing Peak at 50% to 75%
of NPV suggests a valuation of A$0.33/share (33 cents per share) to A$0.50/share (50
cents per share). This is 4-6x the current share price.
As the project moves into production, Peak should be valued on earnings. Based on
EBITDA of US$224m in 2026, the first full year of operations, and assuming financing of
70% debt and 30% new equity issued at A$0.265share (26.5 cents a share), and an
EV/EBITDA multiple range of 15x to 25x, Peak could be valued at A$1.43/share to
A$2.47/share. This represents 17x to 29x the current share price. Assuming the market
starts to value Peak on earnings in mid-2025, this would represent an annual return of
103% to 132% over the next four years. These valuations may seem high compared to
Peak’s current (unjustifiably cheap) share price, but they are based on the current forward
earnings multiples of ASX-listed Lynas Rare Earths and NYSE-listed MP Materials, the only
two developed Western companies producing (or about to produce) refined NdPr oxide.
Financially robust project: The Ngualla-Teesside project boasts an estimated post-tax
NPV8 attributable to Peak of US$1,012m and an IRR of 30%. The project should generate
average annual EBITDA of US$240m at an EBITDA margin of 62%. Neodymium
praseodymium (NdPr) oxide, a key raw material for EV magnets, represents 92% of the
project revenues. The project is expected to have low capex and operating costs by virtue
of its excellent geology. Among a sample of five ASX-listed rare earths developers, Peak
has the highest attributable NPV, yet trades at the lowest EV/NPV ratio.
Only the 3rd fully integrated producer of NdPr oxide in the world ex-China: Unlike the
majority of its rare earths peers aiming to produce lower value concentrates and carbonate
Orior Capital
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products, Peak will produce higher value refined NdPr oxide at its Teesside refinery. Lynas
(market cap. A$6.2bn) is currently the only western producer of refined NdPr oxide globally.
NYSE-listed MP Materials (market cap. A$5.6bn) aims to produce NdPr oxide by next
year. This is important for a number of reasons. One is that by producing separated oxides,
Peak will have ‘identifiable’ product, something that is becoming more important for ESG
auditing and because financing is increasingly being linked to ESG credentials. Another is
that there is an established and growing, market for Peak’s products with Japan and the EU
key importers of NdPr oxide. In contrast, the market for concentrates and carbonates is
highly concentrated within China. A further point is that by virtue of being fully integrated,
Peak will achieve superior margins.
Ngualla boasts significant geological advantages: The deposit is a large body of highgrade, soft nature, near surface, neodymium and praseodymium mineralisation, with simple
metallurgy. Carbonates have been almost entirely leached from the project area resulting in
lower reagent use during processing and low operating costs. Thorium and uranium levels
are very low. This is important because as projects are subjected to greater environmental
scrutiny, more and more investors are linking funding to ESG credentials. It also means
there no environmental issues either in production or tailings disposal.
Exploration upside and additional revenue streams: Beyond the existing resource, Peak
has identified heavy rare earths rich apatite zones in the Northern Zone across 1km2. There
is potential to extend this mineralisation with further drilling and to identify heavy rare earth
areas of higher grade which would add to Peak’s large existing resource base of rare earths
minerals. Additionally, Peak’s Ngualla deposit is highly prospective for a range of other
commodities including barite, niobium, tantalum and fluorspar. Peak could also potentially
produce a lower-value monazite concentrate product to supplement its refined rare earth
products. No valuation is ascribed to other parts of the existing rare earths resource,
nor to the excellent prospects in other minerals.
Teesside is a great location: Peak exercised its option to enter into a 250-year lease over
a 19 Ha site at the Wilton International industrial park, Teesside, in June 2021. Located in
North Yorkshire on the east coast of the UK, Teesside is a renowned industrial centre with
recognised expertise in chemicals. Wilton offers significant advantages including access to
reliable and low cost reagent supplies (in particular hydrochloric acid), a labour force with
vast experience in chemicals processing and refining, available utilities including power and
water, sustainable options for tailings disposal, strong support from the UK government
and Tees Valley Combined Authority, an attractive tax regime, and access to global
shipping.
The site also hosts Teesport, which is the 3rd largest port in the UK by volume and which
has expertise in chemicals and liquid bulk cargoes. It was declared a Freeport in March
2021. Teesport is home to a number of the UK’s biggest petrochemicals complexes. This
makes the sourcing and movement of reagents easier than at many other sites in the
UK and in Europe.
Strong outlook for demand: Demand for NdPr oxide is being driven primarily by global
trends in clean energy and growth in consumer electronics. These are fast-growing
industries. In the International Energy Agency’s Sustainable Development Scenario, global
sales of electric vehicles are expected to grow at ~30% pa over the next decade. The
global offshore wind energy market is expected to growth by ~20% pa. Demand for rare
earth permanent magnets is expected to reach 290,000 tonnes by 2030, a rise of 130% in a
decade.
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The supply-side will struggle to keep up: The West has become heavily reliant on China
for rare earths magnet supplies. With China now looking to exert greater control over
production and exports, and there being few advanced projects in the pipeline, there are
genuine concerns that supply will not be able to meet demand. Adamas Intelligence
estimates the market for NdPr oxide will be in deficit from 2021, with the deficit
reaching ~16,000 tonnes by 2030. It would take six projects the size of Ngualla-Teesside
to meet this demand.
Tanzania has turned pro-business: Since becoming president in March 2021, President
Hassan has adopted a more pro-business stance. Two Special Mining Licences have been
approved (including Peak’s). The Government has signed the host government agreement
for the Uganda-Tanzania crude oil pipeline, and the Government is aiming to reach a final
investment decision for Tanzania’s first liquefied natural gas project.
Highly experienced management team: This month, Peak hired an expert team with
experience in project development, metallurgy, pilot plant testing and flow sheet
optimisation. Mr Lello Galassi, Head of Development and Operations, has more than 20years of experience delivering brownfield and greenfield projects around the world for
companies such as Sabina Gold & Silver Corp, Rio Tinto, Freeport McMoran, and Phelps
Dodge. Mr Mark Godfrey, Head of Technical Services has more than 40 years of
metallurgical experience at companies including Glencore, Newcrest, and BHP. Mr Godfrey
has significant experience in Africa. Mr Gavin Beer, Consulting Metallurgist, has 30 years of
relevant technical and operational experience specialising in the rare earths and critical
minerals sectors. Mr Beer was the General Manager Metallurgy for Peak in 2015-2017 and
was responsible for the development and optimisation of the metallurgical process.
Mr Bardin Davis joined the Board in October 2020 and commenced as Managing Director
in December 2020. Since joining, Mr Davis has made great strides in advancing the project,
including procuring the SML approval from Tanzania, exercising the option to enter into the
lease in Teesside, committing the company to a BFS Update, raising A$30m in new equity,
terminating the royalty from major shareholder Appian, and securing the key hires above.
Together with the existing management team, Peak has the technical expertise, project
development experience, and capital markets capability to bring the project to
fruition.
Share price catalysts: A number of developments are likely to drive the stock over the
next few months including completion of the BFS update, potential announcements around
funding and offtakes, progress on the Economic Framework Agreement with the Tanzanian
Government, further news flow regarding critical raw materials shortages generally, and a
greater understanding amongst investors of the strengths and advantages of the NguallaTeesside project.
In summary, Peak Resources is where a strong macro story in critical minerals and
excellent project fundamentals come together, and at a compellingly cheap valuation. That
represents an opportunity for investors.

Simon Francis
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Key financial data
Figure 1: Shareholding structure

ASX code
PEK
Share price, 24 September 2021
A$/share
0.086
Shares on issue
Millions
1,860.6
Tranche 2, August 2021 placement
Millions
106.4
Options and rights
Millions
122.3
Fully diluted shares
Millions
2,089.4
Market capitalisation
A$ millions
160.0
Net cash
A$ millions
18.0
Enterprise value
A$ millions
142.0
Top 20 shareholders:
46.1%
Note: Net cash is as at 30 June 2021, plus the proceeds of the offering
announced in August, less the US$10m to settle the Appian royalty
Source: Peak Resources

Key Individuals:
Tony Pearson, Non-Executive Chairman: Tony is an experienced international natural resources
executive and company director. He is currently the Chairman of ASX listed Cellnet, a Trustee of the
Royal Botanical Gardens & Domain Trust and a Non-Executive Director of Communicare Inc. He was
formerly a Commissioner at the Independent Planning Commission, and previously a group
executive at TSX/HKEx listed SouthGobi Resources, based in Hong Kong, where he was responsible
for the company’s corporate and strategic initiatives. Tony also has over 15 year’s commercial and
investment banking experience, covering the Asia Pacific natural resources industry, most recently
as a Managing Director at HSBC.
Bardin Davis, Managing Director: Bardin holds over 20 years of investment banking and corporate
experience in the mining and energy sectors. He was formerly the CFO of UPC/AC Renewables
Australia and previously held a number of senior investment banking roles in Hong Kong and
Sydney. Previous roles include Head of the Resources & Energy Group, Asia Pacific, Deputy Head of
Corporates, Asia Pacific, and Head of Advisory, Australia, for HSBC and Head of Metals & Mining
Asia for Macquarie Capital. Bardin has significant emerging markets experience and has worked on
a broad range of international advisory, capital markets and financing transactions.
Lello Galassi, Head of Development and Operations: Since 1998, Lello has been a project
manager and developer for 14 brownfield and greenfield international mining and large infrastructure
projects. He has a strong track-record in the delivery of greenfield projects, cost control and
schedule targets, best practice with respect to safety, environmental and community outcomes and
the development of associated infrastructure. Lello’s international experience extends to the
Democratic Republic of Congo (DRC), Guinea, South Africa, Peru, Chile, Guyana, Spain, Australia
and Canada. Lello was most recently Vice President Project Development & Construction with
Sabina Gold & Silver Corporation. Other select positions include Project Director, Phoenix Potash
Project (ICL, Spain), Project Director and Chief Operating Officer, Aurora Gold Mine (Guyana
Goldfields, Guyana), Project Director and General Manager, Iron Ore Expansion Projects (Rio Tinto,
Australia & Guinea), Senior Project Manager, Tenke Fungurume Mine (Freeport McMoran, DRC) and
Orior Capital
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Senior Project Manager, Copper Powder Project (Phelps Dodge, US).
Mark Godfrey, Head of Technical Services: Mark holds over 40 years of metallurgical experience
and has worked with a broad suite of leading international mining companies including Glencore,
Newcrest, MMG, Rio Tinto, BHP and Impala Platinum. Mark has spent a significant portion of his
career in Africa and has extensive experience in overseeing feasibility studies, pilot plant test work,
optimisation of flow sheets, commissioning of projects, debottlenecking and operational
enhancements. His most recent role was as Technical Manager Metallurgy at the Komoto Copper
Project (Glencore) based in the DRC. Other select positions include Principal Metallurgist, Group
Technical Services (MMG), Principal Metallurgist, Northparkes Mine (Rio Tinto), Principal Advisor
Hydrometallurgy, Technology & Innovation Group (Rio Tinto), Process & Technical Manager, Yabulu
Extension Project (BHP), and Head of Hydrometallurgy Research (Gencor).
Gavin Beer, Consulting Metallurgist: Gavin holds approximately 30 years of relevant technical and
operational experience and specialises in the rare earth and critical metal sectors. Gavin was the
General Manager Metallurgy for Peak between 2015 and 2017 and was responsible for the
development and optimisation of the metallurgical process from ore to NdPr oxide and other
separated rare earth products. He managed pilot plants for the beneficiation, hydrometallurgy and
solvent extraction separation processes that led into the original Bankable Feasibility Study (BFS)
completed in 2017.
Ismail Diwani, Country Manager, Tanzania: Ismail has a background in accounting and worked as
the Business Manager and later as the Managing Director of the Warthog Safari Tanzania in Iringa.
He joined Peak in 2015 as a Regulatory Liaison Officer with responsibility for administering
compliance with Tanzanian laws and regulations in Tanzania and government communications.
Ismail was subsequently appointed to the role of Commercial Manager, before being promoted to
Country Manager, Tanzania.

See Appendix 6 for Board of Directors.

Figure 2: Peak Resources share price chart

Source: ASX
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Valuations: Peak looks unjustifiably cheap
Ø Developments over the next year could underpin a valuation of A$0.33/share to
A$0.50/share, roughly 4-6x the current share price
Ø As Peak enters production valuations could reach A$1.43/share to A$2.47/share
based on multiples in line with MP Materials and Lynas Rare Earths
Ø Share price catalysts include an updated BFS, securing project financing,
offtake arrangements, and a final investment decision
The valuation framework is based on valuing Peak at a percentage of NPV prior to production, and at
a multiple of earnings once production commences.
One year valuation of A$0.33/share to A$0.50/share
The market is valuing Peak Resources at just 10% of its estimated post-tax attributable NPV8
of US$1,012m. This looks incredibly cheap both in absolute terms and relative to peers.
Another ASX-listed DFS-stage rare earths developer, Hastings Technology Metals, currently trades
at an estimated 62% of NPV. Compared to Hastings, Peak has a substantially higher estimated NPV,
a superior IRR, lower expected capex, will capture higher margins by producing rare earth oxides,
and has a longer mine life. In terms of EV/NPV, Peak is trading at an 84% discount to Hastings.
Over the next year, a number of developments should significantly advance the project including an
updated BFS (1Q22), finalising the framework agreement with the Tanzanian Government, front-end
engineering and design (FEED) studies, further discussions on export credit agency financing, and
around offtake arrangements. A final investment decision is expected September 2022.
Given the significant strengths of the Ngualla-Teesside project, it seems reasonable once these
developments are completed, to expect Peak to trade at a premium valuation to these companies.
Valuing Peak at 50% to 75% of its attributable NPV of US$1,012m could support a valuation of
A$0.33/share (33 cents per share) to A$0.50/share (50 cents per share). This is roughly 4-6x the
current share price.
Figure 3: Valuation framework and potential outcomes

Timeframe
One year

Mid-2025

Valuation
A$/share
0.33 to
0.50
1.43 to
2.47

Methodology

Comments

50-75% of NPV

Bottom end in line with Hasting’s recent average EV/NPV of ~50%
Higher end to reflect substantially higher NPV, superior IRR, longer
mine life, and expectation of availability of export credit agency finance
First year of full production 2026, after ramp-up through 2025
Valuation multiple range in line with MP and LYC valuations
NdPr oxide market expected to be in deficit
Rare earths magnet demand accelerating, driven by growth in EVs,
offshore wind energy, and consumer electronics

15x to 25x
EV/EBITDA

Source: Orior Capital
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Figure 4: Peak Resources valuation model

Shares on issue, current
millions
1,861
Tranche 2, August 2021 placement
millions
106
Options and rights
millions
122
Fully diluted shares
millions
2,089
Development
NPV8, post-tax
US$ m
1,012 Orior Capital estimate,
NPV8, post-tax
A$ m
1,386 attributable to Peak Resources
A$:US$ fx rate
0.73
1 year valuation based on % of NPV
25%
A$/share
0.17
50%
A$/share
0.33
75%
A$/share
0.50
100%
A$/share
0.66
Production
Capex
US$ m
402
Capex
A$ m
550
Debt
A$ m
385 Assume 70% debt
Equity
A$ m
165 Assume 30% equity…
New shares
millions
623 …Issued at 26.5 cents
Fully diluted shares
millions
2,712
Annual EBITDA, 2026
US$ m
224 Orior Capital estimate
Annual EBITDA, 2026
A$ m
307
EV/EBITDA valuations
10x
A$/share
0.91
15x
A$/share
1.43 Implies a market cap. of A$3.9bn
20x
A$/share
1.95
25x
A$/share
2.47
30x
A$/share
2.99
Note: Estimated NPV attributable to Peak is based on the Tanzanian Government owning 16% of Ngualla
and profits being split evenly between the two sites. That is, 8% of the project free cash flows are
attributable to the Government with the remaining 92% attributable to Peak.
Source: Orior Capital

Valuation of A$1.43/share to A$2.47/share as production commences
As Peak enters production the market is likely to value the company on its earnings. The project is
expected to generate EBITDA of US$224m in 2026. Assuming the project is financed 70% debt and
30% equity with new shares issued at A$0.265/share (a 20% discount to the bottom end of the one
year valuation range), and applying an EV/EBITDA multiple range of 15x to 25x, Peak could be
valued at A$1.43/share to A$2.47/share. This represents 17x to 29x the current share price.
Assuming the market starts to value Peak on earnings in mid-2025, this would represent an annual
return of 103% to 132% over the next four years.
Although these valuations look high in the context of Peak’s current (undervalued) share price, they
are based on earnings multiples that are in line with the current market valuations of MP Materials
and Lynas Rare Earths, both profitable rare earths producers. Based on calendar years and
consensus earnings forecasts, Lynas is trading at EV/EBITDA multiples of 19x in 2021 and 14x in
2022 and MP Materials is trading at 35x in 2021 and 28x in 2022. MP is listed in the US where
valuation multiples tend to be higher. Also, whereas Lynas’ business is mature, MP is going through
a growth phase as it looks to bring downstream processing capacity to the US.
Orior Capital
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Current valuations reflect the unusually strong prospects for growth in rare earths demand, and a
sense that supply will struggle to keep up with demand. Governments are increasingly adopting
policies aimed at electrifying transportation, including future bans on internal combustion engine
vehicles and the provision of financial incentives to encourage take-up of EVs. The use of offshore
wind energy is accelerating. Investors are looking to gain exposure to these ‘green recovery’ themes.
Rare earths companies will continue to be major beneficiaries of these trends.

Peer comparisons
Peak compares favourably to other rare earth development projects listed on the ASX. Among a
sample of five companies, Peak has the highest attributable NPV and the second highest NPV to
initial capex ratio. Yet, Peak is trading at a significant discount in terms of EV/NPV.
Figure 5: EV/NPV

Figure 6: NPV/initial capex

Source: Company data, Orior Capital

Source: Company data, Orior Capital

Figure 7: Attributable NPV

Figure 8: Enterprise value

Source: Company data, Orior Capital

Source: Company data, Orior Capital

ESG credentials and project risk assessment
In addition to financial metrics, other aspects are also important. ESG credentials of rare earths
extraction will be subjected to closer scrutiny in the coming years by customers, regulators, and
local communities. There is an increasingly strong relationship between sustainability and financing
with many investors now applying non-financial factors to determine critical risks in projects.
Many rare earths deposits also host uranium and thorium, and environmental waste disposal is
Orior Capital
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paramount. Concerns around these elements can lead to community apprehension. For example,
Greenland Minerals’ Kvanefjeld project hosts substantial resources, and has benefitted from
significant technical input from leading Chinese rare earth group Shenghe Resources Holding, yet is
now held-up in an environmental wrangle. The Ngualla deposit benefits from very low levels of
thorium and uranium.
Another factor is that processing in rare earths is not as standardised as in some other minerals, with
projects often being subjected to extended pilot plant operations. For example, in January 2021,
Arafura announced the successful completion of test work on its Nolans Bore project that had
commenced in 2015. Project development has led to two new patents being awarded. In contrast,
the Ngualla-Teesside project will benefit from standard concentrating and refining techniques
using well understood process chemistry established at commercial scale.
Even amongst those companies targeting NdPr mineralisation, not all intend to sell oxides. Some
target the production of mixed rare earths concentrates or carbonates (eg Hastings, Vital Metals) that
need to be sold to refiners. This may be because a company has a ready processing route
established with an existing refinery. It may also be because the economics or the life of the project
do not support incurring the additional capital costs associated with refining. One risk associated
with selling upstream products is that the rare earths company will not have identifiable end product.
This will become increasingly important for ESG auditing and ultimately will impact the type of
financing available to companies. Indeed, under the German Supply Chain Act which comes into
effect in 2023, companies will be held accountable on social standards across their entire supplier
network. Further, the end market for unrefined rare earths products is far more concentrated; China
is currently the only significant importer of rare earth concentrate globally.
In terms of producing downstream, separated products using established techniques with
extensive pilot plant testing already completed, Peak ticks all the boxes.
Figure 9: Indicative prices, neodymium products

Source: Orior Capital estimates

Arafura January 2021 ASX release: https://wcsecure.weblink.com.au/pdf/ARU/02332576.pdf
https://patents.google.com/patent/WO2019210367A1/en?assignee=Arafura&oq=Arafura
https://patents.google.com/patent/AU2019262097A1/en?assignee=Arafura&oq=Arafura
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Figure 10: Selected rare earths companies

Company
Lynas Rare Earths
LYC.AX
Mkt cap A$6,245m
Iluka Resources
ILU.AX
Mkt cap A$3,861m

Study
Producer

Australian Strategic
Materials
ASM.AX
Mkt cap A$1,410m
Northern Minerals
NTU.AX
Mkt cap A$218m

Engineering
and financial
update, 2018

Peak Resources
PEK.AX
Mkt cap A$160m

BFS, 2017

Arafura Resources
ARU.AX
Mkt cap A$293m
Hasting Technology Metals
HAS.AX
Mkt cap A$452m
Greenland Minerals
GGG.AX
Mkt cap A$155m

DFS, 2019
Updated 2021

Pensana
PRE.L
Mkt cap A$338m

PFS, 2019

Ionic Rare Earths
IXR.AX
Mkt cap A$119m
Vital Metals
VML.AX
Mkt cap A$246m

Scoping
Study, 2021

Producer

DFS, 2015

DFS, 2017

FS, 2019

n.a.

Comments
Only producer of separated rare earths outside of China, and the
second globally
largest
Sold 5,461 tonnes NdPr oxide in in FY21
Largest producer of zircon and rutile globally, now processing
monazite containing stockpiles for rare earths in W Australia
Phase 2, now under construction, will produce a 90% monazite
concentrate suitable as feed to a rare earths refinery
Phase 3 feasibility study, for a rare earths refinery, is underway
Developing the Dubbo polymetallic mine in NSW, Australia
Resources 75.2Mt at 0.74% TREO, reserves 18.9Mt at 0.74% TREO
DFS completed in 2011 and 2013, FEED in 2015, updated in 2018
Scoping study for Korea Metal plant released in March 2021
Developing the Browns Range heavy rare earths project, hosted in
xenotime mineralisation rich in dysprosium
DFS outlined an 11-year mine life with NPV10 of A$552m
Production of heavy rare earth carbonate at Pilot Plant commenced
in late-2018 as part of feasibility for larger-scale production
Developing the Ngualla-Teesside project in Tanzania and the UK
Planned production of 2,810 tonnes NdPr oxide pa
Project Update released October 2017
BFS Update expected 1Q22
Developing the Nolans Bore project, Northern Territory, Australia
located ~135km north of Alice Springs
Completed a 4-year metallurgical pilot program in January 2021
Developing the Yangibana project in Western Australia
Planned production of 15,000 tpa MREC containing 3,400 tpa NdPr
oxide over a 15-year mine life
Developing the Kvanefjeld project in Greenland
Technical cooperation with Shenghe Resources Holding, major
shareholder, and one of the leading Chinese rare earths companies
Resources of 1.0bn tonnes grading 1.1% TREO
Project now embroiled in a protracted environmental process
Developing the Longonjo Mine in Angola
Project has evolved from plans to produce concentrates (PFS, 2019)
to carbonates (Feb 2020) to oxides (Oct 2020)
PFS was prepared ‘pre-tax’ and did not address high thorium levels
Previously listed on ASX, completed move to LSE in February 2020
Makuutu Rare Earths Project, Uganda
Ionic adsorption clay mineralisation with elevated concentrations
of HREOs including Dy, Tb
Nechalacho project, Northwest Territories, Canada
Stage 1, small scale demonstration plant started in June 2021
Offtake agreement with REEtech in Norway
Stage 2 sees development of the Tardiff deposit which hosts
resources of 95Mt at 1.46% TREO, including 0.37% NdPr oxide

Source: Company data, Orior Capital

Hastings December 2019 https://www.investi.com.au/api/announcements/has/3117d036-ad3.pdf
Hastings November 2019 https://www.investi.com.au/api/announcements/has/9217f997-2d6.pdf
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The most compelling rare earths project
Ø The Ngualla-Teesside project boasts an estimated post-tax NPV8 attributable to
Peak of US$1,012m and an IRR of 30%
Ø The project benefits from advantageous geology and mineralogy resulting in
very low operating costs and attractive margins
Ø Project financing is expected to be available from UK and European export
credit agencies as governments look to secure critical raw materials supplies

Significantly de-risked
The project comprises the Ngualla mine operations and concentrating plant in Tanzania, and the rare
earths refinery in Teesside, UK. The mine site is located in southern Tanzania, 4.5km north of the
village of Ngwala, and 147km north of Mbeya, on the edge of the East Africa Rift Valley. It is centred
on the Ngualla Carbonatite, a concentrically zoned carbonatite complex with sufficiently large scale
that Peak has been able to select the high-grade Weathered Bastnaesite Zone for initial
development. The mining operations will be held under a Special Mining Licence that covers an area
of 18.14 km2 for the life of the project.
The rare earths refinery will be situated at the Wilton International industrial park in Teesside, UK. In
June 2021, Peak exercised its option to enter into a 250-year lease over a 19 Ha site at Wilton.
Teesside offers significant advantages in terms of reagent supplies, utilities, logistics, skilled labour,
and access to global markets.
The project will target the production of a neodymium-praseodymium oxide (NdPr oxide).
Neodymium is a key element used in neodymium-iron-boron (NdFeB) permanent magnets that are
prevalent in a multitude of high–tech industries including electric vehicles, wind turbines and
consumer electronics. NdPr oxide represents more than 90% of the project revenues. Other
important rare earths, including dysprosium and terbium, which are also used in permanent magnets
will be produced in smaller quantities as part of a mixed rare earths carbonate (MREC).
The Government of Tanzania approved a Special Mining Licence (SML) application by Peak for
the Ngualla project in July 2021, significantly de-risking the project. The next stage will be to
negotiate the terms of the framework agreement including a transfer pricing mechanism for
concentrates ‘sold’ to Teesside. The Tanzanian Government is expected to own 16% of the project
in Tanzania.
In April 2017, Peak completed a Bankable Feasibility Study (BFS) that was led by Amec Foster
Wheeler (now part of Wood Plc). The study was based on annual NdPr oxide production of 2,420 tpa
over a mine life of 32 years, and an NdPr oxide price of US$77.5/kg. The study highlighted a posttax NPV10 of US$445m, and an IRR of 21%. The BFS incorporated extensive and successful pilot
plant testing undertaken in 2015 and 2016 that included testing of a leach recovery process
designed for low carbonate and low phosphate bastnaesite mineralisation, and which underpins the
low expected capital and unit operating costs.
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In August 2017, the company announced the results of a process optimisation study. This led to a
16% increase in planned concentrate production and an increase in NdPr oxide production to 2,810
tpa over a mine life of 26 years. Post-tax NPV10 increased to US$579m and the IRR to 24%.
A BFS Update is now underway and expected to be completed by February 2022. There have been
a number of positive developments since 2017. NdPr oxide prices, the biggest driver of profitability,
have increased. Current spot prices are now around US$93/kg. Prices are expected to continue
rising over the next several years driven by strong demand from clean energy and tight supply.
Capital and operating costs will have risen too, though not to the same extent as selling prices;
operating margins should be better than previously anticipated. The BFS Update will include a
flotation optimisation program. There is also an opportunity to reduce capital costs, and to benefit
the local community by utilising the southern access road.

Robust financials
The estimates herein are based on the information in the 2017 Project Update and the 2019
Independent Experts’ Report (IER), and reappraised selling price and cost assumptions. The project
is expected to come on stream in 2025, ramping up to full production by 2026. Realised NdPr oxide
prices are assumed to be US$100/kg in 2025. Capital costs are estimated to be 10% above, and
operating costs 5% above 2017 levels. The project is expected to generate substantial earnings
and high margins. The project boasts:
• Post-tax NPV8 of US$1,100m (A$1,507m); this is 2.5x the NPV10 in the 2017 BFS (US$445m) and
90% greater than that of the 2017 Project Update (US$579m)
• Post-tax NPV8 attributable to Peak estimated at US$1,012m (A$1,386m); this represents NPV per
share of A$0.66 (66 cents per fully diluted share)
• A post-tax IRR of 30%
• Revenues from the key magnet metals, neodymium and praseodymium, are expected to represent
92% of life-of-project revenues
• EBITDA of US$224m in 2026, the first full year of operations, average annual EBITDA of US$240m,
and total EBITDA in the first three years of operations (including start-up) of US$548m
• EBITDA margins of 65% in the first five years of operations and 62% over the life of the project
• Very low initial capital costs of US$402m, representing a capex cost per tonne of annual NdPr
oxide production of US$143/kg, and a total capital intensity including sustaining capex over the
project lifetime of just US$7/kg NdPr oxide
• Very low operating costs of US$31.6/kg NdPr oxide, and just US$22.8/kg if non-NdPr oxide
revenues are treated as by-product credits, in the first full year of production
At the time of the BFS in 2017, Peak was expected to own 75% of the project with Appian, a private
equity fund owning 20% and International Finance Corp owning 5%. Since then, the Appian and IFC
stakes have been moved to the listco level. The Tanzanian government is expected to own 16% of
Ngualla. The upshot is NPV attributable to Peak has more than doubled from US$434m at the
time of the 2017 Project Update to US$1,012m now.

Orior Capital

15

Peak Resources, PEK.AX

27 September 2021

Figure 11: Key parameters of the Ngualla-Teesside project

Production parameters
Ore mined and treated, life of project
Tonnes
17,945,000
Ore mined and treated, annual average
Tonnes
712,083
Didymium (NdPr) grade, years 1-7
1.2%
Didymium (NdPr) grade, years 8-26
1.0%
Lanthanum grade, years 1-7
1.5%
Lanthanum grade, years 8-26
1.3%
Cerium grade, years 1-7
2.6%
Cerium grade, years 8-26
2.3%
Average recovery rate, NdPr
%
38%
Production, annual averages 2026-2049
NdPr oxide, life of project
Tonnes
70,912
NdPr oxide, annual average
Tonnes
2,810
Lanthanum, life of project
Tonnes, oxide equiv.
106,434
Lanthanum, annual average
Tonnes, oxide equiv.
4,218
Cerium as carbonate, life of project
Tonnes, oxide equiv.
48,344
Cerium as carbonate, annual average
Tonnes, oxide equiv.
1,916
SEG, HREE, life of project
Tonnes, oxide equiv.
8,257
SEG, HREE, annual average
Tonnes, oxide equiv.
327
Project life
Years
26
Financial parameters
Initial capital costs
US$ m
402
Operating costs, 2026 (first full year)
US$/kg NdPr oxide
31.6
Operating costs, net of by-products, 2025
US$/kg NdPr oxide
22.8
NdPr oxide price, 2025, realised
US$/kg
100
Lanthanum price, 2025, realised
US$/kg
3
Cerium price, 2025, realised
US$/kg
2
SEG and HREE price, 2025, realised
US$/kg
25
Revenues, life of project
US$ m
9,730
Revenues, annual average
US$ m
384
EBITDA, life of project
US$ m
6,040
EBITDA, annual average
US$ m
240
EBITDA margin, life of project
%
62%
NPV8, pre-tax
US$ m
1,638
NPV8, post-tax
US$ m
1,100
NPV8, post-tax, attributable to Peak
US$ m
1,012
IRR, pre-tax
%
38%
IRR, post-tax
%
30%
Payback period from first production
Years
3.1
Note: NdPr grade is the sum of Nd2O3 and Pr6O11 content, lanthanum grade is La2O3 content
and cerium grade is CeO2 content. SEG and HREE is samarium, europium, gadolinium, and
heavy rare earth elements.
Source: Peak Resources, Orior Capital estimates

Low capital and operating costs
Capital costs
Total capital costs for the project are estimated at US$402m. This is 10% higher than in the 2017
BFS. These capital costs are low compared to other projects that perhaps have more complex
mineralogy.
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Figure 12: Ngualla and Teesside estimated capex costs

Source: Peak Resources, Orior Capital

Funding
The project is likely to be funded largely with export credit agency debt and offtake funding. In 2016,
when Teesside was selected as the preferred refinery site, Peak’s management said the project had
the strong support of the UK Government, including UK Export Finance. UKEF is the operating name
of the Export Credits Guarantee Department, the United Kingdom's export credit agency and a UK
government ministerial department. UKEF’s stated mission is “to ensure that no viable UK export
fails for lack of finance or insurance, while operating at no net cost to the taxpayer”. Since 2016,
clean energy take–up has accelerated. Securing rare earths supplies is seen as more urgent. In
August 2021, Lake Resources, a clean lithium developer, announced it had received a formal
Expression of Interest from UKEF to cover approximately 70% of the total project funding
requirements for its Kachi project, subject to standard project finance conditions.
Generally, the cost of capital for ‘clean technology’ companies has declined as a result of strong
regulatory support and access to specialist funds. Also, there are a relatively limited number of
investable projects.
Operating costs
The project is also expected to benefit from very low operating costs. The high-grade, soft nature
and shallow depth of the deposit suggest mining costs will be low. The operation will benefit from a
compact pit shell measuring ~400m by ~250m in the later stages of development. The deposit has
been almost entirely leached of carbonates which will mean less reagent use during processing.
Thorium levels are extremely low, thus reducing materials handling costs. The project is expected to
have a life-of-mine strip ratio of 1.77.
Overall operating expenses are assumed to be 5% higher than in the BFS. While mining costs and
refining costs are expected to be higher, this should be partially offset by lower concentrator costs
resulting from switching to a more efficient collector, and lower reagent costs. On this basis, total
cash operating costs in 2026, the first year of full production, are estimated at US$102m, which
represents unit operating costs of US$31.6/kg NdPr oxide. Treating the revenues from non-NdPr
oxides (estimated at US$28m) as by-product revenues implies net total operating costs of US$72m.
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This equates to unit operating costs net of by-products of US$22.8/kg NdPr oxide.
Figure 13: Breakdown of estimated operating costs

Source: Orior Capital

Royalties
The assumption herein is that a 6% royalty fee will be payable on final product revenues from
Teesside that is non-deductible for corporation tax either in Tanzania or the UK. Royalties are
expected to represent 16-17% of cash operating costs. If royalties are only paid on the value of
concentrates sold from Ngualla to Teesside a transfer pricing mechanism will need to be agreed with
the Tanzanian Government. Tanzania’s mining laws allow the Government to reject prices if they are
considered too low.

Ownership
In 2016-2019, the Tanzanian government was involved in a protracted tax dispute with Barrick Gold
subsidiary, Acacia Mining. The dispute was settled when Barrick agreed to grant the Tanzanian
government 16% stakes in each of its three Tanzanian gold mines, and to split profits evenly with the
government, the government participating through a combination of royalties, taxes and profit share.
Like many governments in resource-rich developing nations, Tanzania is trying to encourage greater
in-country value-add. For many mining businesses, this comes down to refining.
For the Ngualla project, refining in Tanzania would be challenging. Access to sufficient power,
access to reagents and their transportation in Tanzania, the lack of an appropriately skilled
chemicals workforce, and a lack of environmental waste disposal options, all present significant
obstacles. That in turn raises the question of transfer pricing, that is the price at which rare earths
concentrates will be ‘sold’ from Tanzania to Teesside. This will need to be worked through in the
upcoming framework agreement negotiations between Peak and the government.
The project, as envisaged, will add significant value in Tanzania in that there is an uplift from a 4.88%
rare earth resource to a 45% REO concentrate, and the project should qualify for an export licence
on this basis.
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The estimated NPV attributable to Peak is based on the Tanzanian Government owning 16% of
Ngualla and with profits being split evenly between the two sites. That is, some 8% of the free cash
flows of the project are assumed to be attributable to the Government with the remaining 92%
attributable to Peak. Counting Tanzania’s 8% stake in the project’s free cash flows together with the
royalties and corporate taxes, Tanzania will share approximately 50% of the total project economics.
Framework agreement discussions have already commenced and are expected to be concluded in
late-2021 or early-2022.

Sensitivity
Peak’s earnings and valuations are sensitive to a number of key inputs including selling prices,
operating costs and initial capex requirements:
• A 10% decrease in estimated NdPr oxide selling prices throughout the project life would reduce
the post-tax NPV8 attributable to Peak by 19% to US$820m and the project IRR from 30% to 26%
• A 10% increase in initial capex would reduce the post-tax NPV8 attributable to Peak by 3% to
US$978m
• Increasing cash operating costs by 10% throughout the project life would reduce the post-tax
NPV8 attributable to Peak by 7% to US$944m
Figure 14: NPV sensitivity to NdPr oxide prices

Figure 15: IRR sensitivity to NdPr oxide prices

Source: Orior Capital estimates

Source: Orior Capital estimates

Figure 16: NPV sensitivity to initial capex

Figure 17: NPV sensitivity to operating costs

Source: Orior Capital estimates

Source: Orior Capital estimates
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Operating assumptions
Production
Production has been modelled on mill feed, ore grade and recovery rates. Peak Resources’ Project
Update, October 2017, outlines production of 2,810 tpa NdPr oxide over the project lifetime of 26
years. Peak should benefit from mining higher-grade ores in the early years of the project that are
expected to boost annual production to 3,169 tonnes NdPr oxide in Years 2-7.
Mill feed: Average annual mill feed is estimated at 712,000 tpa. The project is based on mining the
Weathered Bastnaesite Zone which contains Ore Reserves of 887,000 tonnes of contained REO at a
grade of 4.8%. This represents 19% of the total resource.
Grade: Within the Weathered Bastnaesite Zone there is a higher-grade area under shallow cover that
will be targeted in the first few years of the project. Average ore grades are estimated at 5.5% in
Years 1-7, and 4.7% in Years 19-26.
Recovery rates: The total recovery rate from ore to didymium oxide is estimated at 38%.
Selling prices
Realisable NdPr oxide prices are assumed to be US$100/kg in 2025. Current market prices are
~US$93/kg including Chinese VAT of 13%, and ~US$82/kg excluding VAT. The 2025 price estimate
represents average price rises of 5% pa over the next 4 years. This could turn out to be conservative
given the tightness in the rare earths market expected over the next decade.
Selling prices for lanthanum products are assumed to be US$3/kg, and for cerium products US$2/kg
in 2025.
Selling prices for SEG and heavy rare earths are based on an estimated basket price and an
assumption that 50% of the value will be ‘payable’ to Peak for the mixed rare earth carbonate that
will be sold. The assumption is that the net price to Peak is US$25/kg in 2025.
Selling prices, and operating expenses are inflated by 2% pa from 2026.
Revenues
The project is expected to generate revenues of US$9.7bn over the 26-year project life. Of this
amount, 92% is expected to come from sales of NdPr oxides. Other products, sold as carbonates
include lanthanum (4% of revenues), cerium (1%) and SEG (samarium, europium and gadolinium)
and heavy REOs (3%).
EBITDA
The project is expected to generate EBITDA (correctly stated after royalties) of US$6.0bn over the
26-year project life at an average EBITDA margin of 62%. Margins are expected to reach 65% in the
first few years of the project when ore grades are higher.
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Figure 18: Revenues

Figure 19: EBITDA

Source: Peak Resources, Orior Capital

Source: Peak Resources, Orior Capital

Figure 20: NdPr oxide production volume

Figure 21: NdPr oxide selling price

Source: Peak Resources, Orior Capital

Source: Peak Resources, Orior Capital

Figure 22: EBITDA margin, after royalties

Figure 23: REO grade

Source: Peak Resources, Orior Capital

Source: Peak Resources, Orior Capital
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Next steps
Over the upcoming months, management will look to complete the formation of a new company in
Tanzania that will hold the Special Mining Licence (SML) and a shareholders’ agreement. Once this is
completed, the SML can be formally granted to the Newco. Management hopes to complete
discussions on the Framework Agreement by late-2021/early-2022.
Work on an updated BFS has already commenced; the aim is to publish it by February 2022. Work
on front end engineering and design is expected to commence early next year. Discussions are also
ongoing for project financing and offtake arrangements. A final investment decision is expected in
September 2022. Construction and commissioning of the Ngualla-Teesside project is expected to
take approximately two years.
Figure 24: Construction is currently targeted to commence by the end of September 2022

Source: Peak Resources
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Significant geological advantages
Ø Ngualla hosts a large body of high-grade, surface rare earths mineralisation that
is amenable to low cost mining and processing
Ø The project is based on processing the Weathered Bastnaesite Zone which
represents only about one-fifth of the total resource
Ø Potential exists to develop other mineralised zones including heavy rare earth
rich apatite in the northern zone, and barite, niobium, phosphate and fluorite
The Ngualla deposit boasts a number of significant and sustainable geological advantages
that result in low upfront capital costs and low unit operating costs. The deposit is a large body
of high-grade neodymium and praseodymium surface mineralisation, with very low thorium and
uranium levels, and simple metallurgy. Both mining and processing costs are low. The minerology is
excellent with low concentrations of carbonates, resulting in lower reagent use during processing.
Very low levels of naturally occurring radioactive material (NORM) means there are no environmental
issues either in production or tailings disposal.

Weathered bastnaesite zone
Three major zones of rare earth mineralisation have been identified at Ngualla. Management refers to
these as the Southern Rare Earth Zone which comprises the Bastnaesite Zone and Monazite Zone,
the South West Alluvials, and the Northern Zone. The Southern Rare Earth Zone is the low magnetite
central core of the Ngualla Carbonatite Complex. It measures 1.0km by 1.2km. The Zone contains
three different types of mineralisation including a central Bastnaesite Zone in which rare earth
mineralisation occurs in primary ferroan (ferrous iron containing) dolomite (typically 1-2% rare earths
oxide (REO)), a weathered regolith that extends to depths of 140m (grades of 3-8% REO) and the
surrounding Monazite Zone, which is about 200m wide.
Figure 25: Schematic Cross-section through the Ngualla Carbonatite Illustrating the Geological Setting of
the Various Mineralisation Styles and Irregular Karstic Surface

Source: Peak Resources
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Figure 26: Oblique View of the Ngualla Carbonatite Showing Drill Holes and the Ngualla Mineral Resource
Block Model Coloured by REO Grade

Source: Peak Resources

The Weathered Bastnaesite Zone is the most favourable portion of the project. It accounts for about
one-fifth of the total mineral resource at a 1% REO cut-off grade. Rare earth mineralisation is hosted
in iron oxide and barite-rich weathered ferroan dolomite that has been almost completely leached of
carbonates. The zone displays consistent geology and mineralogy for both rare earth and gangue
materials. The major mineral components of the zone are barite (39%), iron oxides (33%), quartz
(16%) and bastnaesite (7%). In terms of gangue material, alumina content is low (<2.5% Al2O3),
calcium and magnesium carbonates are almost entirely leached across most of the zone, and levels
of thorium (53 ppm on average) and uranium (just 15 ppm on average) are very low.
The Weathered Bastnaesite Zone has very little overlay; the life-of-mine strip ratio is expected to be
just 1.77:1 waste-to-ore resulting in low mining costs.

Substantial resources and reserves
In 2016, Peak published upgraded mineral resource estimates. The project has a JORC compliant
mineral resource of 214.4 Mt at a grade of 2.15% REO, for 4,620,000 tonnes of contained REO, at a
cut-off grade of 1% REO. Some 93% of this resource is in the measured and indicated categories.
The Weathered Bastnaesite Zone is a higher-grade zone that is part of the overall resource. This
Zone comprises 19.9 Mt at a grade of 4.90% REO, for 980,000 tonnes contained REO at a cut-off
grade of 1%. Some 98% of the Weathered Bastnaesite Zone is in the measured and indicated
categories, with 89% in the measured category.
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Figure 27: Ngualla Mineral Resource, 2016

All Resources >1% REO cut-off
Category
Tonnage
Mt
Measured
86.1
Indicated
112.6
Inferred
15.7
Total
214.4
Weathered Bastnaesite Zone, >1% REO cut-off
Category
Tonnage
Mt
Measured
17.9
Indicated
1.7
Inferred
0.4
Total
19.9

REO
%
2.61
1.81
2.15
2.15

Contained REO
Tonnes 000s
2,250
2,040
340
4,620

REO
%
4.88
5.14
4.84
4.90

Contained REO
Tonnes 000s
870
90
20
980

REO
%
4.78
5.10
4.80

Contained REO
Tonnes 000s
813.1
74.0
887.1

Source: Peak Resource
Figure 28: Ngualla Ore Reserve, Updated 2017

Weathered Bastnaesite Zone, >1% REO cut-off
Category
Tonnage
Mt
Proven
17.02
Probable
1.45
Total
18.47
Source: Peak Resource

The Ore Reserve comprises 92% Proved and 8% Probable reserves. The mineral resource and ore
reserve are based on 893 RC and diamond drill holes for a total of 44,056m drilled. Most holes were
drilled in 2010-2012, though 130 drill holes were completed in 2015 to support the BFS.
Figure 29: Summary of Ngualla drilling

Year
2010
2011
2012
2015
Total

No. of
holes
398
253
130
112
893

Metres
drilled
7,720
19,046
13,612
5,305
45,683

Aircore
Holes
Metres
373
5,961
107
1,980
1
2
0
0
481
7,943

RC
Holes
22
140
121
87
370

Metres
1,467
16,204
12,583
3,992
34,246

Diamond
Holes
Metres
3
292
6
862
8
1,027
25
1,313
42
3,494

Source: Peak Resources

Ngualla is a high-grade reserve
A review of 21 globally listed rare earths companies reveals that only 8 have reported rare earths ore
reserves. This includes Lynas and MP Materials (both producers). Australian Strategic Materials’
polymetallic Dubbo project hosts zirconium, niobium and hafnium, in addition to rare earths.
Northern Minerals reported a DFS in 2015 for Browns Range which is hosted in xenotime
mineralisation and rich in dysprosium. The others are Peak, Hastings, Arafura and US OTC listed
Rare Element Resources.
Ngualla is believed to host the highest magnet metal (neodymium and praseodymium) grades of any
rare earths development project globally.
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Figure 30: Reserve grades

Source: Company data

Low levels of radioactive elements
Many rare earths deposits also host significant amounts of thorium. There are currently limited
commercial uses of thorium, and thorium in rare earth deposits is regarded as gangue material.
Monazite deposits typically contain greater amounts of thorium dioxide, ThO2, than bastnaesite
deposits, and in some cases, monazite deposits contain very high amounts. It can be complicated to
separate thorium from the rare earths in monazite deposits.
At Ngualla, the Weathered Bastnaesite Zone has very low levels of both thorium (53 ppm) and
uranium (15 ppm). Thorium shows a minimal to weakly positive correlation with REO, whereas
uranium shows a weakly negative correlation with REO. The overall mineral resource, at a 1% cutoff grade has an average thorium concentration of just 37 ppm and an average uranium
concentration of 22 ppm. This very low level of radioactive material results in lower capital and
operating costs, and means there are no significant environmental issues in production, nor in
tailings disposal.
Based on a NdPr oxide grade of 1.04% in the Weathered Bastnaesite Zone and thorium levels of 53
ppm (ThO2 of 0.006%), Ngualla boasts a ThO2/NdPr oxide ratio of just 0.006, or 0.6%. Lynas’ Mount
Weld project has a NdPr oxide grade of 1.95%, ThO2 levels of 750 ppm, and a ThO2/NdPr oxide ratio
of 0.033 (3.3%) which is higher than at Ngualla, but still low.
Not all development projects can boast as low levels of radioactive elements. According to Hastings
Technology Metals’ Waste Characterisation Update, September 2017, the ore at the company’s
Yangibana project in Western Australia has a thorium level of 450 ppm. With a combined neodymium
(3,372 ppm) and praseodymium (851 ppm) oxides grade of 0.42%, the deposit has a ThO2/NdPr
oxide ratio of 12%. This is 21x higher than at Ngualla.
According to Arafura’s Radiation Fact Sheet, June 2016, the Nolans Bore deposit has thorium levels
of about 2,700 ppm, more than 50x higher than at Peak’s Weathered Bastnaesite Zone. With a total

Orior Capital

26

Peak Resources, PEK.AX

27 September 2021

NdPr oxide grade of 0.69%, Nolans Bore has an estimated ThO2/NdPr oxide ratio of almost 45%.
Another company, Pensana Plc (formerly listed in Australia and now listed in London) did not discuss
the thorium levels at its Longonjo project in Angola in its November 2019 pre-feasibility study. A
2014 ASX release (before Pensana changed its name from Rift Valley Resources) states that thorium
levels are <850 ppm. Based on a combined neodymium (252 ppm) and praseodymium (73 ppm)
oxides grade of 0.33%, the deposit has a ThO2/NdPr oxide ratio of 30%.
Figure 31: Neodymium, praseodymium and thorium grades, selected rare earth deposits

Company

Peak
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Lynas
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Arafura

Project
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Figure 32: Thorium oxide as a percentage of neodymium and praseodymium oxides, selected projects

Source: Company data

https://lynasrareearths.com/wp-content/uploads/2019/10/191002-Annual-Report-Appendix-4G-andCorporate-Governance-Statement-1979978-1.pdf
https://www.arultd.com/images/NEW_RADIATION_FACT_SHEET.pdf
https://www.epa.wa.gov.au/sites/default/files/Referral_Documentation/Hastings%20APPENDIX%20
5-3.pdf
https://lynasrareearths.com/sustainability/residue-tailings-management/
https://lynasrareearths.com/wp-content/uploads/2019/05/180806-Resources-and-ReservesUpdate-2018-1827684.pdf
Rift Valley Resources, 2014: https://www.asx.com.au/asxpdf/20140124/pdf/42m93lvmv1kv4q.pdf
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At Ngualla, the 15.7Mt inferred resource (7% of the overall resource) is in the Monazite Zone. It hosts
similarly low thorium levels as the rest of the resource as a result of prolonged weathering.

Other opportunities
There are a number of potential opportunities to further develop the Ngualla project:
Other rare earths zones: There is rare earths mineralisation in the fresh bastnaesite zone, situated
beneath the Weathered Bastnaesite Zone, that grades 1.5% to 2.5% REO. Also, in the Southwest
Alluvial Zone, rare earths mineralisation grading 1% to 2% REO is hosted in bastnaesite and
monazite. Although the rare earths grades are lower and the phosphate grades higher than in the
Weathered Bastnaesite Zone, the thorium levels are low across the whole deposit. One option might
be to mine this material and produce a concentrate for further processing. The South West Alluvial
Zone also hosts niobium-tantalum and phosphate mineralisation.
In the Northern Zone, located 1km north of the Southern Rare Earth Zone, rare earths mineralisation
and broadly coincident niobium-tantalum and phosphate has been identified over an area of 1km2.
Rare earth mineralisation in the Northern Zone contains higher neodymium and heavy rare earth
contents which reflects the host mineralogy of mostly apatite and monazite. So far, the area has only
been subjected to limited, wide-spaced drilling. There is excellent scope to extend rare earth
mineralisation significantly in most directions in the Northern Zone, and to locate zones of
higher-grade.
Figure 33: Map of the Ngualla Carbonatite Showing Selected Exploration Highlights

Source: Peak Resources
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Niobium: High-grade niobium has also been intersected in the Northern Zone. Drill hole NRC140
intersected 119m at 0.71% Nb2O5 and 170 ppm Ta2O5 from surface. Management believes there is
potential for a large body of mineralisation grading >0.4% Nb2O5 to be defined with further drilling.
Niobium is used as an alloying element, including in stainless steel, where it improves the strength of
the alloys, particularly at low temperatures. Niobium containing alloys are used in beams and girders
for buildings, oil rigs, oil and gas pipelines, and jet engines. Niobium also has superconducting
properties.
Barite: Barite (BaSO4) represents a substantial part of the rocks hosting rare earth mineralisation at
Ngualla, especially in the Weathered Bastnaesite Zone. Metallurgical test work has demonstrated
that during processing relatively pure barite is expected to report to one of the rare earths waste
streams. There is potential to develop barite as a by-product to the rare earths business.
The predominant use of barite is in the oil and gas industry where it is used as a weighting material in
the formulation of drilling mud. Barite increases the hydrostatic pressure of the drilling mud allowing
it to compensate for high-pressure zones experienced during drilling. Also, barite is soft, enabling it
to act as a lubricant.
Phosphate: The Ngualla deposit was originally explored as a phosphate deposit in the early-1980s.
Phosphate mineralisation occurs as apatite (Ca5(PO4)3(F,Cl,OH)) where concentrations are as high as
6% P2O5. In the Northern Zone and around the eastern margin of the Bastnaesite Zone, weathering
of the calcite carbonatite and dissolution of calcite has upgraded the apatite concentration from 46% P2O5 to produce residual phosphate concentrations of >20% P2O5.
Phosphate is the natural source of phosphorus which is an essential ingredient in fertilizers and for
plant life.
Fluorite: In 2016, rock sampling and mapping identified a 3.8 km long, largely soil covered, zone of
brecciation and carbonatite dykes containing fluorite (CaF2, fluorspar) and rare earth mineralisation in
the fenite rim in the northeast of the project area. Rock sampling returned grades as high as 96%
fluorite with 23 of the 65 assay samples returning grades higher than 40%. Historically, artisanal
miners extracted fluorite from shallow pits on Mt Mapuma. Follow-up trench sampling highlighted
wide, continuous zones of high grade fluorite mineralisation at surface.
Fluorite is used as a flux for smelting and in the production of some grades of glass and ceramics.
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Teesside is a great location
Ø The Wilton International site at Teesside offers substantial advantages in terms
of reagent supplies, utilities, logistics, labour and access to international markets
Ø Development is expected to attract strong support from a UK Government
looking to boost industrial activity and skilled jobs in the North
Ø The Teesside refinery ties in well with UK, US and EU ambitions to develop rare
earth supply chains and ultimately, magnet production capacity
In June 2021, Peak exercised its option to acquire a 250-year lease over a 19 Ha site at the Wilton
International industrial park for £1.9m. Wilton is located in Teesside, northeast England. The site was
selected, in 2016, from 24 potential locations around the world. An Environmental Permit for the
refinery project was awarded in August 2018. The local Redcar & Cleveland Borough Council
granted Planning Permission in April 2021. Teesside is a renowned industrial centre, with recognised
expertise in chemicals. Wilton offers substantial advantages including its access to:
• Reliable and low cost reagent supplies (in particular hydrochloric acid)
• Global shipping
• A labour force experienced in chemicals processing and refining; more than 3,000 scientific R&D
workers in the core catchment areas
• Readily available utilities including power and water
• Environmentally sustainable options for tailings disposal
• Strong UK Government and Tees Valley Combined Authority support including an attractive tax
regime
Figure 34: Teesside Refinery site and surrounding area and facilities

Source: Peak resources
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Wilton International
The Wilton site was established in 1945 to enable ICI, a leading industrial chemicals group at the
time, to expand capacity. The site was acquired by Sembcorp Industries in 2003. Today, Wilton
International is an 809 Ha manufacturing site located in the Teesside industrial area. Wilton offers
development land, secure and reliable supplies of energy, infrastructure, utilities and security. This
‘plug and play’ model enables companies to develop projects whilst minimising cost, risk, and
timeframe. Established businesses at Wilton include SABIC, Ensus, Alpek Polyester UK, Huntsman,
Biffa Polymers, Nippon Gases, and Anglo Woodsmith.
Sembcorp Industries is a leading energy, marine, and urban development group. The group owns a
global energy portfolio of more than 12.8GW, including more than 3.3GW of renewable energy in
solar, wind and energy storage. Sembcorp is listed in Singapore and is a constituent of the Straits
Times Index, the FTSE4Good sustainability index and the Dow Jones Sustainability Asia Pacific
Index. The group employs more than 4,500 people worldwide. In 2018, Sembcorp acquired UK
Power Reserve (UKPR), which is the largest flexible distributed energy generator in the UK. UKPR
owns a portfolio of 1,013MW of low carbon decentralised assets that include 120MW of battery
storage, one of the largest in Europe.
Plug and play
Wilton offers a ‘plug and play’ model that includes on-site energy generation with multiple assets
and National Grid back-up to ensure energy security and cost savings, established industrial
infrastructure, excellent transportation connections, access to a technically skilled workforce, and
specialist industrial site security and emergency response capabilities.
Figure 35: Wilton offers competitive electricity prices compared to Europe

Source: Wilton International
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Top tier customers
Wilton hosts a ‘who’s who’ of industrial chemicals businesses. SABIC’s olefins business provides the
most flexible feedstock cracker in Europe, and has the largest low-density polyethylene (LDPE) plant
in the world. Ensus operates the largest bioethanol plant in the UK. Huntsman operates the largest
nitrobenzene and aniline plants globally. At Teesport, there are facilities for importing, refining,
storing, converting, blending and manufacturing petrochemicals based products.
Figure 36: Wilton International, an impressive industrial cluster

Source: Wilton International

Anglo American’s Woodsmith fertiliser project is expected to comprise a £2.8bn polyhalite mine
located south of Whitby (40km southeast of Wilton) and a processing plant in Wilton.
Teesport
Wilton also benefits from its links and close proximity to Teesport, the 3rd largest port in the UK by
volume. Chemicals and liquid bulk cargoes are a large part of these volumes; nearby sites represent
~60% of the UK chemicals sector, with £12bn in annual exports. Teesport is about 3km from Wilton.
Teesport is home to a number of the UK’s biggest petrochemicals complexes. Conoco Philips
receives North Sea crude oil and gas at its Teesside Oil Terminal via the Ekofisk pipeline which is
processed and exported. Other companies in the Tees Valley chemicals sector include SABIC,
INEOS Nitriles at Seal Sands, Navigator Terminals, Huntsman, Lotte Chemicals, CF Fertilisers and
Inter Terminals. This significant cluster of companies and expertise means the sourcing and
movement of reagents is easier than at many other sites in the UK and in Europe.
Freeport status
In March 2021, the UK announced that Teesport was one of eight ports in England granted Freeport
status. Freeports are a key part of the government’s economic plans to create jobs, increase
international trade and contribute to the regional ‘levelling up’ agenda as the government seeks to
boost economic activity in the North. Freeports are usually located in shipping ports or airports.
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Goods arriving in Freeport areas from overseas are exempt from domestic tariffs until the goods
enter the UK. Goods can be re-exported without tariffs being incurred. The EU-UK Trade and
Cooperation Agreement provides for zero tariffs and zero quotas on all goods that comply with the
appropriate rules of origin. Freeport areas stand to benefit from lower tariffs and customs charges,
simplified customs procedures, streamlined planning processes, and government support including
tax breaks to encourage investment and promote regeneration and innovation. In short, Teesside is
a highly efficient location from a chemicals handling, processing, and fiscal perspective.
Figure 37: Teesport offers a high degree of chemical industry integration

Source: PD Ports, Orior Capital

PD Ports presentation: https://www.pdports.co.uk/wp-content/uploads/2021/03/210312-FutureTeesport.pdf
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Figure 38: A history of continued investment and development at Wilton International

Year
2003

2004
2004/05

2007
2008
2011
2013
2013/14
2017
2018

Comments
Singapore-based group Sembcorp Industries bought the former ICI and Enron-owned utilities and services
business for £87m. The acquisition included 579 skilled employees, Wilton Power Station, water treatment,
electrical distribution, pipelines and pipe corridors, emergency response teams, laboratories and stores.
Wilton’s current centralised utilities and services model mirrors that of Sembcorp’s Jurong Island, Singapore.
Sembcorp invested £20m in a new 40MW gas turbine (GT1)
UK Government sanctioned Sembcorp’s innovative use of fallow as a temporary fuel to displace oil and gas
in power production at Wilton, providing valuable early experience in renewables.
Sembcorp announced plans to invest in biomass.
The Wilton 10 Biomass Power Station came on line, the first of its kind in the UK. The plant uses 300,000 tpa
sustainably sourced wood each year to produce 35MW power and large quantities of steam.
Sembcorp’s second 40MW gas turbine (GT2) came on stream at a cost of £36m
Sembcorp added another steam turbine (ST11) to its power generating assets
Sembcorp started construction of a £250m energy-from-waste facility (Wilton 11) in partnership with Suez
Last of the coal-fired boilers at Wilton Power Station was closed, and the site transitioned towards sustainable
forms of fuel.
Sembcorp announced plans to develop a new gas fired power facility of up to 1,700MW, aimed at powering
new energy intensive investments coming to Teesside
Sembcorp acquired UK Power reserve for £216m, giving the company 32 additional sites and ~1.0 GW
additional generating capacity.
Sembcorp’s total investment in the UK had reached more than £500m over 15 years.

Source: Wilton International
Figure 39: Teesport, container terminal on the right

Source: Orior Capital

Orior Capital

34

Peak Resources, PEK.AX

27 September 2021

UK Government driving clean energy investment
In November 2020, the UK government launched its Ten Point Plan for a Green Industrial Revolution.
The Plan outlines a number of initiatives aimed at accelerating the UK’s drive towards net zero
including advancing offshore wind, accelerating the shift to zero emission vehicles, green public
transport, and green finance and innovation. The Plan is expected to mobilise some £12bn in UK
government funds, with potentially three times as much coming from the private sector. UK demand
for critical minerals including rare earths is expected to accelerate.
A number of recent developments suggest the UK is already drawing on its vast experience in autos
and chemicals and becoming a new hub for clean energy investments.
In July, Nissan announced it would invest £1.0bn with Chinese partner Envision AESC to build a new
battery plant near to its existing car plant in Sunderland, northeast England. Building on the success
of the Leaf models produced at Sunderland, Nissan has committed £432m to make a new all electric
vehicle in the UK. Envision produces lithium-ion batteries for the Nissan Leaf at its 1.7 GWh plant in
Sunderland. The new plant, with an expected capacity of 9.0 GWh, should produce enough batteries
for up to 100,000 vehicles pa. A government-private sponsored renewable ‘micro-grid’ incorporating
solar and wind energy, and energy storage capacity, is expected to provide power to both plants.
Also in July, Vauxhall owner, Stellantis, said it would invest £100m to re-tool the former Vauxhall
Astra production line at Ellesmere Port to produce electric vans for the Stellantis group. Production
is expected to include the Vauxhall Combo-e, the Peugeot e-Partner and the Citroen e-Berlingo, and
their MPV equivalents, all of which are expected to be sold both in the UK and the EU. Stellantis has
a battery making deal with French energy group Total, to produce batteries in Europe.
Under the terms of the Brexit deal, the ‘rules of-origin’ mean that by 2027 vehicles with batteries
produced outside of the UK or European Union will attract tariffs when exported to EU states. Nissan
and Stellantis will avoid EU tariffs by producing in Sunderland and Ellesmere Port. These tariff
regulations are one factor behind the rapid deployment of battery capacity across the EU and UK.
In July, Britishvolt won planning permission to build a new gigafactory on the site of the former Blyth
power station in Northumberland. The factory is expected to cost £2.6bn and will be the single
largest investment in the northeast of the UK since the arrival of Nissan, according to Britishvolt. The
project will be built in three stages of 10GWh each, reaching full capacity of 30GWh by 2027. The
plan is for the factory to produce lithium-ion batteries for up to 300,000 vehicles pa.
In August, Sky News reported that US electric vehicle maker Rivian was looking to expand into
Europe with a new plant in one of the UK, Germany or the Netherlands. Rivian is backed by both
Ford Motors and Amazon. It has an order from Amazon for 100,000 electric trucks. Rivian is said to
have identified Gravity, a 249 Ha site near Bristol, England as a potential site for the project. A
decision is expected in the next few months.
In August, the UK government announced a £2.3bn fund to support EV manufacture and related
supply chain, including battery plants and related charging infrastructure.
All in all, the UK Government is committed to clean energy and to attracting appropriate
investment.
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
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Peak employees at
Ngualla:
Phocus Mafwimbo,
Senior Technician
Erasto Kafyulilo,
Project Geologist
Mary Duncan,
Community Liaison
Officer

Arial view of Ngualla:

The Peak lease area in Wilton, UK:
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A critical market facing substantial deficits
Ø Demand for rare earth permanent magnets set to double over the next decade
driven by rising penetration of EVs, wind energy and consumer electronics
Ø With few advanced projects ready to meet this growth the market is likely to
become increasingly tight
Ø Rare earths prices are expected to rise further to incentivise new supply
The primary use for neodymium and praseodymium is in rare earth permanent magnets where the
use of rare earths allows for magnets with superior magnetic qualities. Rare earths typically make up
about 31% of the magnet by weight. In 2020, rare earth magnet demand reached an estimated
125,000 tonnes. Allowing for losses in the process from alloys and powders to final magnets of
about 30%, and ignoring secondary production, these magnets ‘consumed’ some 55,000 tonnes of
rare earth elements, or about 65,000 tonnes of rare earth oxides. This represents more than 40% of
total estimated rare earth oxide demand by volume, and more than 90% by value.
Demand for rare earth permanent magnets is expected to reach 290,000 tonnes by 2030, a rise of
130% in a decade. This will be driven by increased penetration of electric vehicles, increased wind
energy capacity, especially offshore wind, and growth in consumer electronics. According to the
International Energy Agency’s Sustainable Development Scenario, global sales of electric vehicles
could grow at ~30% pa over the next decade. Offshore wind turbine capacity, and consumer
electronics are expected to growth at ~10-20% pa.
With few advanced projects in the pipeline the market is expected to become increasingly tight.
Adamas Intelligence estimates the market for NdPr oxide will be in deficit from 2021, with the
deficit reaching ~16,000 tonnes by 2030. It would take six projects the size of Ngualla-Teesside to
meet this demand.
Figure 40: Strong demand outlook, with deficits forecasts from this year

Source: Peak Resources, Adamas Intelligence
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NdPr oxide prices have risen sharply over the past few months. There is a greater sense that 2020
was a turning point in the EV sector, with almost all major auto makers now committed to an electric
future. On the supply side, China is looking to exert greater control over output and exports in
order to cater more to its own high-tech industry growth, and also seems to be becoming more
reliant on Myanmar for rare earth ores. Prices for NdPr oxide are expected to remain strong.
Figure 41: NdPr oxide prices

Source: Peak Resources, Asian Metal

What’s driving demand?
Rare earth permanent magnets are used in a multitude of applications in electric vehicles, wind
turbines, consumer electronics, medical imaging MRI machines, audio equipment, magnetic
separation technologies used in water treatment and beneficiation, as well as in microwave
communication technologies that are used in radar and satellite communications. In smartphones,
rare earth magnets are used in the speaker systems, in camera auto-focus mechanisms, and to
enable vibration mode. In 2020, total rare earth oxide demand was about 150,000 tonnes with an
estimated market value of US$4-5bn. The rare earths market is relatively small, yet rare earths
enable technologies worth trillions of dollars.
Figure 42: Rare earths demand by industry, volume and value, 2018

Source: Adamas Intelligence
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In its Global EV Outlook, 2021, the International Energy Agency (IEA) presents two scenarios for
future EV demand, based on different policy outcomes. The Stated Policies Scenario takes into
account existing policy announcements by various governments. The Sustainable Development
Scenario is more ambitious. It is based on meeting the global climate goals in line with the Paris
Agreement. In this scenario, the collective pledges of the Electric Vehicle Initiative’s EV30@30
Campaign to reach a 30% market share for EVs in all modes except two-wheelers by 2030 is
surpassed, reaching almost 35%. This reflects increasing ambition for EV adoption.
The IEA estimates that demand for neodymium will more than double to 70,000 tpa by 2040 in the
Stated Policies Scenario, and will triple to 90,000 tpa by 2040 in the Sustainable Development
Scenario.
Figure 43: Neodymium demand by sector and scenario

Source: IEA, The Role of Critical Minerals in Clean Energy Transitions, 2021

Electric vehicles set for phenomenal growth
One of the most important drivers of rare earth permanent magnet demand is increasing sales of
electric vehicles. Although permanent magnet synchronous motors (PMSMs) are more expensive
than internal combustion engines they are more efficient in terms of the power-to-weight ratio
(kW/kg) and physical size (kW/m3). This greater energy density more than offsets the additional cost
of the motor. Roughly 90% of electric vehicles use PMSMs, as opposed to other motor technologies
such as internal combustion engines. In addition to being used in the traction motors, dozens of rare
earth magnets are used in micro-motors and sensors that are employed in heating, ventilation and
air conditioning (HVAC) systems, steering, transmission and brakes, sensors for security, seats,
cameras, door and windows systems, and entertainment systems.
According to Bunting UK, a magnet manufacturer, the average hybrid or electric vehicle uses
between 2kg and 5kg of rare earth magnets. Assuming an average of 2.5kg to 3kg, this is about 3x
greater than in internal combustion engine vehicles which typically use 0.8kg to 1.0kg of rare earth
magnets per vehicle. With electric vehicle sales expected to reach 46m units pa by 2030 under the
IEA’s Sustainable Development Scenario (up from 3.1m units in 2020), there is potential for rare
earth magnet demand from the auto industry to grow 3x to around 120,000 tpa by 2030.
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Figure 44: Rare earth permanent magnets in electric vehicles

Source: Shin-Etsu Chemical Co Ltd

According to the International Energy Agency (IEA), the global stock of passenger vehicles reached
11.3m at the end of 2020, including 10.2m electric cars. Registrations of electric cars rose 41% YoY
despite overall car sales declining by 6% as a result of the pandemic. Although about 44% of the
current stock of electric vehicles is in China, last year Europe overtook China as the largest market.
Figure 45: EV penetration has grown rapidly

Source: IEA, Global EV Outlook, 2021

In the Stated Policies Scenario, the IEA expects the global stock of EVs to reach 51m vehicles in
2025, and almost 145m vehicles in 2030. This represents an average annual growth rate of ~29% pa
this decade. By 2030, EVs are expected to account for ~7% of the global vehicle fleet. Annual EV
sales are expected to reach almost 15m units in 2025 (10% of all road vehicle sales) and more than
25m units in 2030 (15%), according to the IEA.
In the Sustainable Development Scenario, the global stock of electric vehicles reaches almost 75m
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vehicles in 2025, and 230m in 2030. By 2030, EV sales are expected to surpass 46m units pa.
Figure 46: Global EV stock by scenario

Source: IEA, Global EV Outlook, 2021
Figure 47: Global EV sales by scenario and market

Source: IEA, Global EV Outlook, 2021

Automakers making big commitments
According to the IEA, 18 of the 20 top automotive manufacturers, accounting for nearly 90% of 2020
vehicle sales, plan to increase the number of available models and to boost EV production. Some
OEMs are planning to reconfigure their product offerings to eliminate internal combustion engine
models altogether and to sell only EVs. Key announcements include:
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• General Motors said, January 2021, it planned to offer only electric light-duty vehicles by 2035. GM
plans to offer 30 all-electric models globally by mid-decade, with 40% of the company’s U.S.
models offered being battery EVs by the end of 2025. GM is investing US$27bn in electric and
autonomous vehicles in the next five years, up from US$20bn planned before COVID-19.
• BMW revealed, March 2021, that it expects fully electric vehicles to account for at least 50% of
global deliveries by 2030.

• Volvo stated, March 2021, that it plans to become electric by 2030, and will phase out any car in
its global portfolio with an internal combustion engine, including hybrids. By 2025, Volvo aims for
50% of its global sales to be fully electric, with the rest hybrids.
• Ford announced, May 2021, a new goal of 40% of global sales being electric by 2030.
• Volkswagen stated, May 2021, that it expects all-electric vehicles to exceed 70% of European and
50% of Chinese and US sales volumes by 2030.
• Stellantis was formed in 2021 from the merger of Fiat Chrysler Automobiles and French Group PSA
(Peugeot). The group has 14 vehicle brands including Alfa Romeo, Chrysler, Citroën, Dodge, Fiat,
Jeep, Maserati, Peugeot, Ram and Vauxhall. In July 2021, Stellantis said it aims to increase EV and
hybrid sales to as much as 70% of total sales in Europe, and to 40% of sales in the US, by 2030.
The IEA estimates that the various announcements by automakers suggest EV sales of 55m to 73m
units by 2025. While in the near-term planned sales are in line with the Stated Policies Scenario, by
2025, sales are expected to be more in line with the Sustainable Development Scenario.
Figure 48: OEM announcements compared to EV stock projections in two IEA scenarios, 2021-2025

Source: IEA, Global EV Outlook, 2021

Vehicle fleet operators are just as committed
There has also been strong buy-in from international commercial vehicle fleet users, with companies
committing to switch to electric vehicles. Amazon has ordered 100,000 light-commercial EVs from
Rivian, and aims to be net-zero emissions by 2040. Walmart plans to electrify its entire vehicle fleet
by 2040.
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Figure 49: Private sector declarations related to electric commercial vehicles

Source: IEA, Global EV Outlook, 2021

Wind energy: huge potential in offshore wind
Wind energy is expected to be another important driver of rare earth permanent magnet demand. As
wind blows across the turbine blades, it spins a rotor which is connected to a generator either
directly in a ‘direct drive’ turbine, or via a shaft and series of gears that increase the speed of rotation
and allow for a smaller generator. As in electric vehicles, direct drive wind turbines powered by
permanent magnets are more expensive but also more efficient than gearbox driven turbines. In
wind turbines, the use of permanent magnets eliminates the need for gearboxes, allowing for lower
maintenance costs and less downtime.
Gearbox failures are costly, especially in offshore wind farms. A typical gearbox wind turbine can
consist of more than a dozen bearings which support radial and axial loads and enable rotation.
Bearing failures are a major cause of downtime. This results in unplanned maintenance, high repair
and replacement costs, and lost energy production. The US National Renewable Energy
Laboratory's Gearbox Reliability Database demonstrates that 76% of gearbox failures are
attributable to failed bearings, and a further 17% are attributable to gear failures. Direct drive
turbines eliminate these issues. These advantages are especially important in the offshore wind
market, where getting crews to turbines for maintenance is expensive and can be hazardous. As a
result, direct drive turbines account for an estimated 90% of offshore wind turbines. They also
account for about 15% of onshore turbines where although maintenance access is generally easier,
there are advantages in being able to generate power in lower wind conditions.
Direct drive turbines typically require as much as 650 kg of permanent magnets (some 200+kg of
rare earths) per megawatt (MW) of power capacity. This compares to 80-160 kg of permanent
magnets per MW for a gearbox based turbines.

https://energycentral.com/news/bearing-and-gearbox-failures-challenge-wind-turbines
NREL Gearbox Reliability Database available at https://grd.nrel.g0v/#/
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Figure 50: Mineral intensity and use of rare earths in different wind turbine drive mechanisms

Source: IEA, The Role of Critical Minerals in Clean Energy Transitions, 2021

The onshore wind market is bigger than the offshore market in terms of installed capacity, though
the rate of offshore installations is accelerating as a proportion of the total from a low base.
According to the Global Wind Energy Council (GWEC), the offshore share of new installations was
~1% in 2001-2009, ~2% in 2010-2014, 3% in 2015-2018, and ~4.5% in 2019-2020. By 2025, GWEC
expects offshore installations to represent 21% of total.
Figure 51: Onshore and offshore wind energy capacity

Source: GWEC, Orior Capital estimates

Offshore wind energy is an important component of global efforts to decarbonize. Offshore wind
farms can be built close to coastal populations, and at gigawatt scale. With declining energy costs,
there has been an acceleration in offshore installations with installed capacity more than tripling in
the past five years. According to the GWEC, total installed offshore wind energy capacity reached 35
GW at the end of 2020, up from about 12 GW at the end of 2015.
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GWEC estimates a further 70 GW of offshore wind capacity could be installed by 2025 with total
capacity reaching 105 GW. This represents average annual growth of 32% over the next five years.
Figure 52: Annual and cumulative offshore wind installations, GW

Source: GWEC, 2021

Despite this rapid recent growth, at the end of 2020, offshore wind energy capacity represented just
5% of the total 743 GW combined onshore and offshore installed capacity. Some 6.1 GW of new
offshore wind energy capacity was installed in 2020.
Ørsted’s capacity forecasts revised upwards
Ørsted, in its June 2021 Capital Markets Day presentation, said it saw total installed offshore wind
capacity in the world ex-China increasing from 24 GW in 2020 to 168 GW by 2030, an increase of 7x
over the next decade. Ørsted said it saw strong growth across all regions with the largest market
being Europe, and the fastest growth in Asia Pacific. Notably, the company’s forecasts have been
revised sharply upwards. In 2018, Ørsted was forecasting world ex-China offshore wind energy
capacity of 96 GW.
Figure 53: Offshore wind energy capacity forecasts, ex-China

Source: Ørsted Capital Markets Day presentation, June 2021
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IRENA forecasts
In 2020, the International Renewable Energy Agency (IRENA) released its Fostering a Blue Economy
report focused on harnessing the power of the oceans, including offshore wind energy. IRENA
estimates that, based on meeting the goals set out in the Paris Climate Accord, offshore wind
capacity could reach 228 GW by 2030. By 2050, offshore wind capacity could increase
substantially to almost 1,000 GW. This is almost 30x the capacity installed at the end of 2020.
Based on IRENA estimates, the biggest growth would be in Asia with more than 60% of global
installations by 2050, followed by Europe (22%) and North America (16%).
Figure 54: Annual offshore wind capacity additions

Source: IRENA Fostering a Blue Economy, 2020

This robust outlook for offshore installations is underpinned by a number of factors including:
• Rapidly declining offshore wind energy costs as measured by the levelized cost of energy (LCOE)
• Increased commitments to develop offshore wind energy in key markets including Europe, the
United States, Japan and Korea
• The expected commercialisation of ‘floating wind’
• The greater global impetus to transitioning to renewable energy sources generally
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Declining costs
Cost is often measured in terms of the ‘levelized cost of energy’ (LCOE), which is the average cost of
building and operating the asset per unit of electricity generated over the lifetime of the asset.
According to IRENA, offshore wind is now cost competitive with all other energy generation
technologies. From 2010 to 2018, the global weighted average levelized cost of electricity from
offshore wind fell from US$160/MWh to US$130/MWh. IRENA expects LCOEs to continue to fall to
US$50/MWh to US$90/MWh by 2030, and to US$30/MWh to US$70/MWh by 2050.
Similarly, installation costs are expected to decline from US$4.4m/MWh in 2018 to US$1.7m/MWh to
US$3.2m/MWh by 2030 and to US$1.4m/MWh to US$2.8m/MWh by 2050.
This declining cost profile is driven by several factors including larger turbines, higher voltage
transmission, reduced cycle times in installation, and other technological advances. In May 2019, the
IEA noted that recent EU auction results indicate cost reductions of 45-50% in the next five years,
primarily attributable to economies of scale, standardisation and clustering.
IRENA believes that will likely lead to turbine sizes reaching between 15 MW and 20 MW in a decade
or two, from around 9.5 MW today.
Figure 55: Offshore wind project and global weighted average LCOEs and auction/PPA prices, 2000-2023

Source: IRENA Renewable Cost Database
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Consumer electronics
The consumer electronics market, broadly defined as electronic equipment for non-commercial
uses, was more than US$1.0 trillion in 2020, according to Global Market Insights. It is expected to
growth at 8% pa in 2021-2027.
The market is being driven by a number of ‘big picture’ factors including rising urbanisation and
disposable income levels, increasing technological awareness among young populations, and
technological advancements resulting from continued investment in R&D. Philips spent US$506m on
R&D in the first quarter of this year. Product cycles are generally becoming shorter as rapid changes
in technology encourage consumers to adopt new products. Increasing work-from-home trends are
boosting demand for computing devices and peripherals. In Asia Pacific, where the market is
estimated at more than US$400bn in 2020, the emergence of regional manufacturers and the use of
low price strategies has encouraged adoption.
Smartphones
Smartphones are a good example of a consumer product that uses multiple rare earth permanent
magnets. Magnets are typically used in the speaker, receiver, vibration mode motor, taptic feedback
motor (which gives the sense of touch), and camera autofocus mechanism. External to the
smartphone, magnets are also used in ear buds, earphones, and magnetic connection wall chargers.
Smartphones can have as many as 14 magnets inside. The speaker assembly can use 3-5 magnets.
The receiver assembly (the microphone) is typically a two-magnet assembly. The autofocus system
typically uses 2-4 magnets. As in the speaker assembly, magnets can move the camera lens quickly
and precisely.
Figure 56: N48 neodymium three-magnet speaker phone assembly. Grey steel parts are bonded to the
whitish neodymium magnets and the rest of the assembly. Approximate dimensions: 2x8x10mm

Source: https://idealmagnetsolutions.com/knowledge-base/small-ndfeb-magnets-in-smartphones-andpersonal-electronics/

Although the magnets in phones are small, there are many of them. Global smartphone sales
reached about 1.5 bn units in 2020.
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Figure 57: Global smartphone sales

Source: Gartner

Magnets are also used in wireless chargers. For example, the IPhone 12 uses a set of 18 arc-shaped
custom magnets in its mag-safe wireless charger that are glued to the glass back. The magnets are
the same thickness as the inner stamped sheet metal frame.
Figure 58: Permanent magnets in the iPhone 12 mag-safe wireless charger

Source: instrumental.com, iFixit – iPhone 12 Teardown

Magnets are also used to attach peripheral devices. Apple’s 11-inch and 12.9-inch iPad Pros use
more than 90 magnets to attach the Magic Keyboard and the Apple Pencil.

https://idealmagnetsolutions.com/knowledge-base/small-ndfeb-magnets-in-smartphones-andpersonal-electronics/
https://instrumental.com/resources/quality/the-attraction-between-magnets-and-your-consumerelectronics/
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Figure 59: Apple iPad Pro 12.9-inch (2018) magnet placement

Source: https://www.pocket-lint.com/tablets/news/apple/146215-apple-ipad-pro-has-a-staggeringnumber-of-magnets-inside

Other consumer electronics uses for rare earth magnets include in hard disk drives, in audio
equipment such as microphones, acoustic pick-ups, headphones and loudspeakers, in dentures,
door catches, jewellery, model making, stationary cards, print finishing, artwork displays and home
improvement.
In addition to the strong outlook for demand, a number of supply-side issues are likely to continue to
support robust NdPr oxide prices. One is that China, which dominates the rare earths industry aims
to take more centralised control of production and exports. As China’s resources become depleted,
China has become more reliant on imports of ore from Myanmar. Chinese exports have declined.
Another factor is that there are few new projects about to enter production.

China dominates rare earths
Despite the pervasiveness of rare earths in modern technologies, and rare earth magnets being used
in everything from computer disk drives to wind turbines and having key military applications,
currently there is only one fully integrated NdPr oxide producer (Lynas) in the world ex-China. The
simple fact is that over the past couple of decades, western governments have done very little to
encourage development of rare earths, or indeed any, critical raw materials projects. Mining has
been discouraged. As a result, China now dominates the industry.
Data collected by the International Energy Agency (IEA) suggests that among fossil fuels and key
clean energy minerals, rare earths is one of the most geographically concentrated markets of all. In
2019, China produced more than 60% of global rare earth raw materials and controlled almost 90%
of global processing capacity. According to China Power, in 2019, China produced about 90% of all
rare earths metals, alloys, and permanent magnets. China can also boast about 37% of global total
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rare earth oxide (TREO) reserves, compared to just 1% in the US.
Furthermore, all processing of heavy rare earths (HREEs) is done in China. China hosts abundant
ion-adsorption clays that are rich in HREEs. According to Japan Oil, Gas, and Metals National Corp
(JOGMEC), outside of China and Myanmar, the Mt Weld, Australia deposit boasts the highest
concentration of HREEs at 5%. At Xinfeng, China, the HREE concentration is close to 50%.
Currently, there are only four rare earth refineries operating outside of China, in Malaysia, France,
India and Estonia. These plants only process light rare earth elements (LREEs).
Figure 60: Share of top 3 producing countries in production of selected minerals and fossil fuels, 2019

Source: IEA, The Role of Critical Minerals in Clean Energy Transitions, 2021

The United States imports more than 95% of its processed rare earths from China. President
Trump’s Executive Order 13817 determined that “this dependency of the United States on foreign
sources creates a strategic vulnerability for both its economy and military to adverse foreign
government action, natural disaster, and other events that can disrupt supply of these key minerals”.
According to the Foreign Policy Research Institute, China’s dominance over global critical supply
chains represents one of the biggest strategic threats to the US and its allies since the oil embargo in
the 1970s.
New regulations
In January 2021, China’s Ministry of Industry and Information Technology (MIIT) issued draft
‘Regulations on Rare Earth Management’, aimed at further controlling the industry. According to
Xinhua, 22 January, 2021, the draft regulations describe rare earths as being of ‘irreplaceable
significance for the transformation of traditional industries, the development of emerging industries,
and the progress of national defence science and technology industries’. The regulations include
quotas for mining, smelting and separation, stricter enforcement of environmental controls, new
investment approval procedures, and import and export controls. A new tracking system is
established for rare earth products, and rare earths are subject to the national Export Control Law
which is aimed at regulating exports of sensitive materials and technologies and which became
effective in December 2020.
https://www.federalregister.gov/documents/2017/12/26/2017-27899/a-federal-strategy-to-ensuresecure-and-reliable-supplies-of-critical-minerals
https://www.fpri.org/article/2021/06/americas-critical-strategic-vulnerability-rare-earth-elements/
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Unlike previous regulations which mostly focused on controlling production, the new regulations
encompass the entire industry from production to refining to international trade. It also centralises
more control of the industry in Beijing.
One factor is that as China’s high-tech economy has grown domestic demand for rare earths has
outstripped production growth. According to Caixin, after a crackdown on illegal mining in 2018,
China became a net importer of rare earths, for the first time since 1985. Another is that although
China has a dominant position in rare earths now, its position is not completely secure. China is
importing increasing quantities of rare earth ores from Myanmar; according to Adamas Intelligence,
last year China relied on Myanmar for more than half of its heavy rare earth concentrates imports.
Figure 61: Chinese rare earth imports, 2020

Source: Reuters, China customs data Xinhua News, 22 January 2021

Chinese rare earth exports have declined recently as domestic high-tech industries ramp-up
production. According to data from China’s General Administration of Customs, China’s total rare
earth exports fell by 13% YoY in 2019, and by a further 24% YoY in 2020, to around 35,000 tonnes.
Japan is the top destination for Chinese exports.

The West awakes
United States
Over the past few years, the US has identified the strategic risk of relying too heavily on other
countries for the supply of critical materials, and is looking to build out new supply chains with raw
materials preferably sourced domestically, but from neighbours and allies if necessary.
In 2018, the US Department of Interior identified 35 critical minerals including rare earths. In 2020,
the Trump administration issued Executive Order 13953, declaring reliance on Chinese critical
mineral exports a national emergency and authorising the Defense Production Act to streamline
construction of domestic mines and prioritising expansion and protection of minerals in secured
supply chains. So far, the US government under President Biden has signalled its intention to
expand upon Trump’s policies. The US$1 trillion infrastructure plan, approved by the Senate in
August 2021, includes US$6bn for battery metals processing and manufacturing projects, and
US$140m to build a rare earths demonstration plant.
http://www.xinhuanet.com/energy/2021-01/22/c_1127011286.htm
https://www.reuters.com/article/us-myanmar-politics-china-metals-explain/explainer-possibleimpact-of-myanmar-coup-on-chinas-metal-and-rare-earth-supply-idUSKBN2AA12U
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Another piece of US legislation aimed at encouraging US domestic magnet production is the Rare
Earths Manufacturing Production Tax Credit Act. The Act proposes a tax credit of US$20/kg for rare
earth magnets produced in the US, and US$30/kg if the raw materials are also sourced domestically.
In July 2020, the U.S. Department of Defense said it would grant US$30m to Lynas to build a heavy
rare earth refinement facility in Texas.
Europe
There are similar developments in Europe. In late-2020, the EU launched the European Raw Material
Alliance (ERMA) which aims to ensure the EU has sufficient critical raw materials necessary to enable
a clean energy future. In August 2021, Reuters reported the EU is examining proposals to kick-start
production of rare earth permanent magnets. According to Reuters, the proposals could include
similar tax credits for ‘domestic’ production as proposed in the US and include both cheap financing
and compensation for higher raw materials costs; European firms believe Chinese producers receive
subsidies worth about one-fifth of their raw materials costs. The idea would be to replicate the
success in building battery capacity, where some €40bn has been earmarked for investment over
the past three years. Currently, China supplies 98% of EU demand for rare earth magnets.
These are ambitious plans. Presently, German company Vacuumschmelze is the only large scale
permanent magnet maker in Europe. It sells speciality magnets for industrial robots and automotive
sensors. Currently there are no commercial permanent magnet makers in the US. Achieving these
aims will take sustained policy commitment over successive governments, huge financial
investment, and the necessary deregulation to allow projects to proceed.
Japan
Japan has committed to reduce its reliance on rare earths from China to less than 50% by 2025.
Offtakes
One consequence of these policies is that there are willing buyers in both Europe and Japan. At
present this material will still have to be turned into magnetics in either Japan or China, but over time
the US plans to develop, and Europe plans to expand, magnet making capabilities.
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Figure 62: Selected companies’ offtake agreements

Company
Arafura

Greenland
Minerals
Hastings

Ionic REs
Northern
Minerals
Rainbow
Rare Earths
Vital Metals

Counterparty
Baotou Tianhe Magnetics
Technology Co
Jingci Material Science
Shenghe Resources Holding

Country
China

Date
24/09/21

Comments
MOU for up to 900 tpa NdPr oxide

China
China

15/10/18
22/8/18

ThyssenKrupp

Germany

20/04/21

Schaeffler Technologies
Qiandong Rare Earth Group
China Rare Earth Holdings
Baotou Sky Rock
Chinalco
ThyssenKrupp

Germany
China
China
China
China
Germany

3/6/2020
13/9/2017
1/9/2017
1/4/2017
7/4/21
12/8/2021

ThyssenKrupp

Germany

14/4/2015

MOU for up to 900 tpa NdPr oxide, 5 years
MOU for 32,000 tpa chemical concentrate
Shenghe can gain an equity stake in JV
Binding offtake for MREC, 9,000 tpa for
first 5 years and 5,000 tpa for next 5 years
MREC
1500 tpa MREC, 3 years plus 2-year option
2000 tpa MREC, 3 years plus 2-year option
2500 tpa MREC
MOU, generic offtake and development
Heavy Rare Earth Carbonate, 100% of
product from pilot plant (FY20, 157 tonnes)
5,000 tpa RE concentrate for 10 years

REEtec

Norway

2/2/2021

1,000 tpa contained REO as RE carbonate
for 5 years, option to increase to 5,000 tpa
for 10 years

Source: Company data

Few new projects
Despite these political efforts and the threat of supply deficits there are relatively few advanced
projects. In the US, MP Materials produces a rare earth concentrate in California that is shipped to
China for further processing. MP’s ‘Stage II’, currently under construction, involves the separation of
individual rare earth oxides in the US.
Energy Fuels is the leading US producer of uranium. It owns the White Mesa Mill in Utah, the only
uranium and vanadium mill in the US, and the only milling facility in North America that is licensed
and capable of processing monazite. This year, Energy Fuels started buying natural monazite sand
from The Chemours Company in Georgia, USA and is producing a mixed rare earth carbonate in
Utah that is separated at Neo Performance Materials’ facility in Estonia.
Vital Metals has commenced mining its Nechalacho project in Canada, producing a mixed rare earth
carbonate for separation in Europe.
As a result, Peak is expected to become only the third fully integrated producer of rare earth
oxides in the world ex-China, after MP Materials and Lynas.
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Appendix 1: The Ngualla-Teesside project
Shareholder structure and licences
The Government of Tanzania approved a Special Mining Licence (SML) application by Peak
Resources for the Ngualla project in July 2021. The licence will be issued to PR NG Minerals Ltd (PR
NG), which is wholly owned by Peak. PR NG will transfer the SML to a newly incorporated entity to
be owned beneficially 84% by Peak and 16% by the Tanzanian Government. Remaining Prospecting
Licences (“PL”) will be retained by PR NG.
Figure 63: Corporate structure, August 2021

Source: Peak Resources
Figure 64: Special Mining Licence and remaining Prospecting Licence areas

Source: Peak Resources
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Location
The project is located 147km northwest of the city of Mbeya, in southwest Tanzania, within the Lake
Rukwa Basin of the East African Rift Valley. Dar es Salaam is 720km to the east of the project area,
and Dodoma, the capital of Tanzania, is 360 km to the northeast. The village of Ngwala lies 4.5km to
the south of the project area and is served by the B345 and B6 roads that extend from Mbeya and
Luika, at the southeastern tip of Lake Rukwa. The city of Mbeya is connected to Dar es Salaam by a
major tarmac road and the main TAZARA railway line.
Mt Ngualla is a remnant volcanic cone that forms a regional topographic high. It has an elevation of
1,670 mRL and is more than 400m above the surrounding plains. The Lake Rukwa Basin has varying
altitude and terrain, with features ranging from steep escarpments and highlands on the outer
margins of the basin, to lowland flat plains, valley bottoms and depressions. The basin is bordered in
the southeast by the Mbeya Range, to the west by the slopes of the Ufipa escarpment, and in the
northeast by the cliffs and hills of Mount Sange, which rises to 1,707 mRL (WREM, 2013).
The nearest meteorological station is located at Mbeya. Mbeya has a sub-tropical highland climate,
with humid summers and dry winters. The wet season occurs from November to April with an
average annual rainfall of 860mm. Maximum temperatures range from 22° to 27° with the highest
temperatures occurring in October and November. The weather from May until October is dry and
cold with average minimums of 6° occurring in July.
Figure 65: Ngualla location map

Source: Peak Resources
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Geology and mineralisation
See Appendix 2.

Processing
Peak has spent some US$32m to date to develop the project and its unique and effective process
flow sheet to treat Ngualla’s ore on site.
Figure 66: Ngualla mine and multi-stage processing plant

Source: Peak Resources

Beneficiation
Mineralogy demonstrates that barite makes up 40-45% of the ore and that it is liberated from the
bastnaesite mineral. This means that separation can be achieved with a relatively coarse primary
grind. This ‘pre-float’ process removes more than 90% of the barite. There is potential to develop a
high-grade barite by-product.
Iron oxides are more intimately associated with the bastnaesite and regrinding is required to liberate
the rare earths from the iron oxides. Iron oxides and quartz are depressed from the rare earths
during flotation. A high-grade rare earth concentrate (45% REO, representing a 9x uplift in grade) is
produced. Overall, 95% of the mass is rejected through this beneficiation process. This production
of a high-grade concentrate means that a smaller capacity downstream refinery can be utilised at
lower capital cost, and that reagent use is reduced, lowering operating costs. Beneficiation accounts
for the majority of operating costs at Ngualla. Other cost drivers are power and labour.
Water Supply
Two groundwater springs (one north and one south of the project) and one borefield (to the east)
have been identified and tested as the potential water sources for potable and process water. The
springs and the borefield will supply about half the demand each towards the end of the dry season.
A series of groundwater monitoring bores and surface water monitoring locations will be set up
downstream of the tailings storage facility prior to commissioning of the facility to allow for base line
conditions to be recorded prior to the operation of the plant. Water levels, flows and quality will be
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monitored regularly. Water will be recovered from the tailings storage facility and recycled to the
process. With the water recycle, there is a net deficit requiring (peak) external raw water demand of
18.5 L/s. Additional water sources will be investigated in closer proximity to the plant to minimise
transfer distance.
Figure 67: Proposed plant water supply locations

Source: Peak Resources

Leach recovery – alkali roast process
The mineral concentrate will be roasted in a rotary kiln in the presence of an alkali. This achieves
three things. It converts the rare earths except cerium to acid soluble oxides. It oxidizes the cerium,
thorium, and most of the iron rendering these elements mostly insoluble. It converts fluoride in the
mineral matrix to a water-soluble form for removal by washing. Once roasted, the concentrate is
washed to remove the fluoride, followed by acid leaching to extract the rare earths.
There are a number of advantages to the process. First, alkali roast is a dry free-flowing thermal
process. No acid baking is required. Acid baking is used in the majority of rare earth projects but it is
energy intensive, has environmental impacts, and presents technical risks in materials handling.
Another factor is that all leaching equipment will be plastic tanks, pumps and filters which are low
cost and modular in design. Also, cerium is rejected early in the process, saving downstream
operating costs and resulting in a simpler process and smaller (lower capex) separation plant.
Solvent extraction
Solvent Extraction is used to separate the mixed rare earth solution into individual elements or
groups of elements. This is achieved through the use of multiple stages of mixer settler units. The
separated element groups are precipitated in agitated tanks to form final solid products which are
filtered, dried and packaged. Four high-purity products are made:
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• Nd/Pr oxide
• Middle + Heavy RE carbonate
• Cerium carbonate
• Lanthanum carbonate
Figure 68: Process flowsheet

Source: Peak Resources

Tailings and Residue
The Ngualla operation will contain a tailings storage facility (TSF) which will be used to contain tails
(reject) from the flotation plant. Tailings from the rare earth and barite flotation circuits will be
contained within separate tailings cells, given that the latter could hold future economic value. The
Ngualla tailings will contain low levels of radioactivity given that these elements are associated with
the rare earth concentrate that is shipped to Teesside.
The Teesside refinery will produce three separate residue streams requiring disposal. Two of these
streams; effluent (liquid) from the solvent extraction stage and solids residue from the purification
stage contain minimal levels of radioactivity and require no further treatment. The purification residue
will be disposed of by landfill and the effluent will be discharged to the Sembcorp waste water
disposal facility. The third residue stream; solids residue from the leach stage, meets the
classification for exemption as a Type 2 NORM (Naturally Occurring Radioactive Material) waste and
is subsequently able to be treated by a third party prior to disposal to landfill.

Relocation
The Ngualla project site is uninhabited. There are no relocation issues.
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Appendix 2: Ngualla Geology
The Ngualla project is a concentrically zoned carbonatite complex that comprises three distinct
carbonatite phases and at least one contemporaneous ultramafic phase. The project has substantial
scale which has allowed Peak to select the Weathered Bastnaesite Zone as being the most
geologically enticing zone for initial development. The Weathered Bastnaesite Zone is located on the
central ferroan carbonatite phase, and hosts the primary rare earth mineralisation. Weathering has
resulted in enrichment of rare earths in the regolith, with grades of 3-8% REO from surface to depths
of up to 140m. There are additional commodities in the carbonatite surrounding the Bastnaesite
Zone including niobium, phosphate, barite and fluorite, which may provide further economic
opportunity. Barite has potential to become a by-product of the rare earths process.

Regional setting
The project is centred on the Ngualla Carbonatite, a pipe shaped intrusive body of carbonate
mineral-rich alkaline igneous rocks that has intruded the older Precambrian gneisses, quartzites and
rhyodacite volcanics. The Ngualla Carbonatite sits in the NW-SE trending Ubendian Belt of southeast
Tanzania, which is bordered by the Tanzanian craton to the northeast and the Bangweulu block to
the southwest. The Ubendian Belt comprises high-grade metamorphic rocks of sedimentary and
igneous origin. The main intrusive rocks are granites though there are also granodiorites, diorites,
gabbros and carbonatites including the Ngualla Carbonatite.
Figure 69: Map of Africa showing Ngualla in relation to major cratons and the East African Rift Valley

Source: Peak Resources
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Figure 70: Tectonic Map of South Eastern Africa Indicating the Location of the Ngualla Carbonatite in
Relation to the Tanzanian Craton and Ubendian Belt. (Modified after (Hanson, 2003))

Source: Peak Resources

Ngualla carbonatite complex
The Ngualla carbonatite complex hosts three major carbonatite phases, and three silicate-rich
igneous phases. The carbonatite phases are:
Calcite carbonatite which forms an angular ring around the ferroan dolomite and inside the fenite
alteration rim that is partly exposed in low hills. The calcite carbonatite is medium to coarse grained,
massive to banded and composed mainly of calcite.
Ferroan dolomite carbonatite which hosts the primary rare earth mineralisation at Ngualla. It forms
the core of the Bastnaesite Zone (which includes the transition zone) and is distinguished from the
calcite carbonatite in fresh rock by its lower phosphate content (<1.5%) and higher barium content
(>4.2% BaO) as well as having a lower calcium oxide to magnesium oxide ratio in the overlying
weathered carbonatites. The central plug measures about 1km in diameter. The ferroan dolomite
comprises mainly 1-4mm sized grains of ferroan dolomite and up to 10% interstitial calcite, quartz,
barite, fluorite and rare earth fluorocarbonate minerals. In contrast to the calcite carbonatite, ferroan
dolomite contains little or no magnetite. There is a second, smaller, ferroan dolomite plug located
about 2km to the northwest at Mt Mapuma.
Magnesiocarbonatite veins up to 50cm thick and coarse grained cut the ferroan dolomite and the
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inner part of the calcite carbonatite.
The three silicate-rich igneous phases are ultramafic rock and two phases of glimmerite. These
silica-rich rocks are a minor component of the Ngualla complex.
Figure 71: Simplified Geological Map of the Ngualla Carbonatite

Source: Peak Resources

Weathering of the Ngualla Carbonatite complex
The weathering of the Ngualla Carbonatite complex is critical to the rare earths mineralisation. The
mineral reserve is fully hosted within the weathered, central Bastnaesite Zone of ferroan dolomite.
There is an irregular karstic weathering profile over the Bastnaesite Zone, the Monazite Zone and the
Northern Zone and usually a clearly delineated contact between fresh carbonatite and the overlying
regolith. The depth of this weathering varies from none to a vertical depth of 140m.
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Figure 72: Typical Sharp Karstic Contact between Weathered Brown and Fresh White Carbonatite
(Diamond Core NDD006)

Source: Peak Resources

Different types of carbonatite undergo different weathering and this leads to different types of
mineralisation.
Dissolution in ground water: Calcite (CaCO3) is the dominant mineral in calcite carbonatite and is
soluble in oxidised weakly acidic groundwater. Weathering of calcite carbonatite, which occurs
mainly by dissolution results in a karst-type topography with irregular weathering, and features such
as caves and sinkholes. As a result, insoluble components of the Ngualla calcite carbonatite such as
apatite become enriched by this weathering process. In the Northern Zone, weathering of the calcite
carbonatite has resulted in an apatite-magnetite unit typically 50m thick. These residual minerals
account for not more than 10% of the unweathered calcite carbonatite, suggesting that 500m or
more of calcite carbonate has been weathered to form this residual unit.
Oxidation of ferrous carbonate: Ferroan dolomite is not soluble in mildly acidic groundwater.
Instead, it weathers by oxidation of ferrous carbonate (FeCO3) to goethite (hydrated iron oxide
(FeO(OH)) and the dissolution of the calcium carbonate (CaCO3) and magnesium carbonate (MgCO3)
components of the dolomite. The ejection of calcium carbonate and magnesium carbonate results in
a significant loss of mass and results in a low density porous rock. Quartz, barite and rare earth
minerals are not impacted by this weathering, and thus are residually enhanced in the goethite-rich
saprolite. Weathering in the Ngualla ferroan dolomite is concentrated in several NNE trending zones
that may reflect fracture or fault zones and is concentrated along some carbonatite and ultramafic
contacts.
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Rare Earth mineralisation
Three major zones of rare earth mineralisation have been identified:
• Southern Rare Earth Zone which comprises the Bastnaesite Zone and Monazite Zone
• South West Alluvials
• Northern Zone
The Southern Rare Earth Zone is a low magnetite central core of the Ngualla Carbonatite Complex
that measures 1.0km by 1.2km. The Zone contains three different types of mineralisation. In the
central Bastnaesite Zone, rare earth mineralisation occurs in primary ferroan dolomite (typically 1-2%
REO) and in the weathered regolith (3-8% REO). The Bastnaesite Zone is surrounded by the 200m
wide Monazite Zone and is defined by the following characteristics:
• Primary rock: higher barium oxide grades (>4.2% BaO) within the zone and lower grades (<4.2%)
outside it
• Primary and weathered rock: lower phosphorus grades (<1.5% P2O5) within the zone and higher
grades (>1.5%) outside it
• Primary and weathered rock: A relatively high CaO/MgO ratio in the monazite zone
• Weathered rock: weathered bastnaesite zones with higher rare earth recoveries demonstrate
phosphorus grades of <0.3% and calcium grades of <10%
Figure 73: The Bastnaesite Zone (Yellow) is identified by low phosphorous (LHS) and barium (RHS)

Source: Peak Resources

The Weathered Bastnaesite Zone
The weathered bastnaesite zone is the most favourable portion of the project. The zone displays
consistent geology and mineralogy for both rare earth and gangue materials. Rare earth
mineralisation is hosted in iron oxide and barite-rich weathered ferroan dolomite that has been
completely leached of carbonates. The depth of weathering varies. Rare earth grades of >3% REO
are common in the saprolite iron oxide- rich regolith that extends to a depth of about 140m. The
major mineral components of the zone are barite (39%), iron oxides (33%), quartz (16%) and
bastnaesite (7%).
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In terms of gangue material, alumina content is low (<2.5% Al2O3), calcium and magnesium are
completely leached across most of the zone, and levels of uranium (just 15 ppm on average) and
thorium (53 ppm on average) are very low.
The Monazite Zone
The Monazite Zone contains >3% REO in the weathered zone and colluvium over transitional and
calcite carbonatite. The zone displays higher phosphate grades than the Bastnaesite Zone. Rare
earths are hosted in monazite and less cerianite.
The South West Alluvial Zone
The South West Alluvial Zone is made up of a mixture of weathered ferroan dolomite from Mt
Ngualla, that is from the weathered Bastnaesite Zone and the weathered Southern Rare Earth Zone,
as well as from the Northern Zone, and calcite carbonatite from adjacent outcrops. As a result, rare
earths are hosted in varying proportions in bastnaesite, monazite and cerianite. Rare earth
mineralisation occurs over a 1.0km by 0.6km area and in depths of up to 30m, at grades of 1% to
3.5% REO. The South West Alluvial Zone also hosts niobium-tantalum and phosphate mineralisation
that is offset vertically from the REO mineralisation.
Figure 74: REO Mineralisation in Aircore Drilling Across the South West Alluvial Zone, 9,147,600mN

Source: Peak Resources

The Northern Zone
The Northern Zone is located 1km north of the Southern Rare Earth Zone. The area is prospective for
rare earth mineralisation which has been identified over 1km2 as well as niobium-tantalum and
phosphate which is broadly coincident with rare earths. Mineralisation towards the edge of the
Southern Rare Earth Zone extends northwards into the Northern Zone within karstic infill sediments
and highly weathered calcite carbonatite bedrock. In the residual apatite-magnetite regolith unit, rare
earth grades are typically 0.5% REO to 3% REO. In the residual primary apatite, which is considered
to be the main source of rare earths, grades are ~0.5% REO.
Notably, rare earth mineralisation in the Northern Zone contains a higher proportion of Critical Rare
Earths as classified by the US Department of Energy (2012) than the Southern Rare Earth Zone, with
higher neodymium and heavy rare earth contents reflecting the host mineralogy of mostly apatite
and monazite, as opposed to bastnaesite. So far, the area has only been subjected to limited, wideOrior Capital
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spaced drilling.
There is excellent scope to extend rare earth mineralisation significantly in most directions in
the Northern Zone, and to locate zones of higher-grade.

Other commodities
In addition to rare earths, the project hosts a number of other commodities including niobium,
phosphate, barite and fluorite. So far, these have not been economically evaluated, though there is
potential to further develop these deposits for economic assessment.
Niobium
High-grade niobium has been intersected in the Northern Zone within the weathered carbonatite and
ferricrete. Niobium mineralisation is hosted in iron oxide (magnetite, haematite and ferricrete) and
apatite-rich regolith, and in karstic infill deposits above the calcitic carbonatite bedrock. Significant
intersects include:
NRC140:

119m at 0.71% Nb2O5 and 170 ppm Ta2O5 from surface

including

18m at 1.16% Nb2O5 and 266 ppm Ta2O5 from surface,

and

22m at 1.32% Nb2O5 243 ppm Ta2O5 from 50m

NRC121:

74m at 0.56% Nb2O5 and 173 ppm Ta2O5 from surface

including

26m at 0.91% Nb2O5 243 ppm Ta2O5 from surface

NDD003:

62.3m at 0.70% Nb2O5 and 245 ppm Ta2O5 from surface

including

21.4m at 1.01% Nb2O5 188 ppm Ta2O5 and from 1.45m

Figure 75: Reconnaissance Drill Cross-section 9,149,200mN, Northern Niobium-Tantalum-Phosphate
Zone

Source: Peak Resources

Niobium mineralisation is currently defined by 400m by 80m wide spaced drilling over an area of
1km2. In some carbonatite-hosted deposits, high-grade niobium mineralisation is associated with
zones of magnetite enrichment. At Ngualla, many of the higher-grade intersections are located on
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the periphery of the large untested magnetic anomaly beneath cover. This anomaly has a strike
length of 650m and represents a high-grade untested exploration target that is within the area of
existing mineralisation. There is potential for a large body of mineralisation grading >0.4% Nb2O5
to be defined with further drilling.
Figure 76: Selected Higher Tenor Niobium Intersections (>0.5% Nb2O5) from Reconnaissance Drilling
Completed to Date

Source: Peak Resources

Barite (BaSO4, barium sulphate)
Barite represents a major part of the rocks hosting rare earth mineralisation at Ngualla, especially in
the Weathered Bastnaesite Zone which is 47% barite on average. Metallurgical test work has
demonstrated that during processing relatively pure barite is expected to report to one of the rare
earths waste streams.
Phosphate
Phosphate mineralisation occurs as apatite (Ca5(PO4)3(F,Cl,OH)), predominantly in the calcite
carbonatite. Concentrations are as high as 6% P2O5. High grade intersections are generally located
at the intervals of mixed calcite carbonatite and glimmerite where apatite aggregates at the contact
zones. Phosphate concentrations are much lower in the central ferroan dolomite plug at typically
<0.5% P2O5.
In the Northern Zone and around the eastern margin of the Bastnaesite Zone, weathering of the
calcite carbonatite and dissolution of calcite has upgraded the apatite concentration from 4-6% P2O5
to produce residual phosphate concentrations of >20% P2O5. Many of the drill intersections in the
residual apatite mineralisation are essentially made up of apatite and magnetite, with the P2O5
directly related to the CaO%.
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Figure 77: Plan View of Maximum Down Hole Phosphate in the Southern Rare Earth and Northern Zones
of the Ngualla Carbonatite (Drilling as at March 2012)

Source: Peak Resources

Fluorite (CaF2, also known as fluorspar)
In 2016, early stage reconnaissance rock sampling and geological mapping identified a 3.8 km long,
largely soil covered, zone of brecciation and carbonatite dykes containing fluorite and rare earth
mineralisation in the fenite rim in the northeast of the project area. Rock sampling returned grades as
high as 96% fluorite with 23 of the 65 assay samples returning grades higher than 40%. Historically,
artisanal miners extracted fluorite from shallow pits on Mt Mapuma.
In follow-up work, three surface trenches were excavated in two separate areas to in-situ weathered
bedrock, and perpendicular to the prevailing strike direction and sampled mostly at 2m intervals.
Results highlighted wide and continuous zones of high grade fluorite mineralisation at surface.
Trench sampling results include:
NCS010:

55m at 36% CaF2 from 0m to end of trench including 4m at 54% CaF2 from 6m
and 12m at 54% CaF2 from14m and 4m at 45% CaF2 from 48m

NCS011:

78 m at 37% CaF2 from 0m to end of trench including 8m at 62%CaF2 from10m
and 8m at 60%CaF2 from 32m

NCS012:

12m at 23% CaF2 from16m and 6m at 31% CaF2 from 34m including 4m at 48%
CaF2 from40m and 4m at 48% CaF2 from96m
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Exploration history
Ngualla was first identified as a potential source of phosphates in the early-1980s. Rare earths were
identified in reconnaissance sampling in 2009, and systematic drilling commenced a year later.
Figure 78: Summary of historical exploration activities

Date
Early-1980s
2009
2010

2011

2012
2013
2014
2015
2016
2017

Exploration activity
Work by the Tanzanian-Canadian Agrogeology Project identified the potential for phosphate, which
was the focus of initial economic interest in the project
Reconnaissance rock sampling and geological mapping confirmed phosphate, rare earths, niobiumtantalum and minor vein-associated base metals mineralisation within the carbonatite
Systematic soil and rock sampling identified widespread, high-grade phosphate, rare earths, and
niobium-tantalum anomalies.
Three test pits dug in the alluvial sediments surrounding the central hills returned channel sample results
of 4m at 16.5% phosphate, 3.5m at 0.33% niobium oxide and 3.5m at >4% REO.
A 373 hole, 5,942m aircore drilling program and 4 RC reconnaissance holes were drilled to test the highgrade surface geochemical anomaly. Follow-up drilling comprised 3 diamond holes for 292m and 18
angled RC holes for 1,353m. Best results included 40m at 3.25% REO from surface to end of hole (eoh)
(drill hole NRC001) and 64m at 5.48% REO (NRC011) in the Southern Rare Earth zone. In the Northern
Zone, best results included 30m at 0.38% Nb2O5 and 150 ppm Ta2O5 from surface to eoh and 26m at
14.7% phosphate from 4m to eoh (NRC003) and 62.3m at 0.7% Nb2O5 and 245 ppm Ta2O5 from surface
and 60.85m at 21.0% phosphate from 1.45m (NDD003).
Drilling of 253 holes for 19,046m of RC, diamond, tricone and aircore designed to test the limits of
mineralisation and to provide data for a maiden JORC resource for the rare earths mineralisation in the
Southern Rare Earth and South West Alluvial Zone as well as an initial test of the Northern Zone for
niobium-tantalum, phosphate and rare earths. Best intercepts included: NRC140 119m at 0.71% Nb2O5
and 162 ppm Ta2O5 from surface to eoh, including 18m at 1.16% Nb2O5 and 266 ppm Ta2O5 from
and 22m at 1.32% Nb2O5 and 206 ppm Ta2O5 from 50m; and 66m at 1.56% REO from 10m, and 16m at
surface,
1.35% REO from 80m; NCR154: 58m at 21.1% phosphate from 4m
Maiden Resource announced, only 18 months after the discovery holes were reported
A further 130 RC and diamond drill holes were completed for 13,600m focused on the Bastnaesite Zone
Revised Mineral Resource published
Pre-Feasibility Study and Maiden Ore Reserve published
A further 112 RC and diamond drill holes were completed for 5,305m to support the BFS
Revised Mineral Resource published
Updated Ore Reserve estimate of 18.5Mt at 4.80% REO (total rare earth oxide plus yttrium) for 887,000
tonnes contained REO
Bankable Feasibility Study published

Source: Peak Resources
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Appendix 3: Rare earths basics
The elements
The rare earths comprise 15 elements with atomic numbers from 57 (lanthanum) to 71 (lutetium),
commonly referred to as the ‘lanthanides’. Yttrium (atomic number 39) and scandium (atomic
number 21) are also considered rare earth elements. They share similar chemical and physical
properties with the lanthanides, and tend to occur in the same deposits. The rare earths elements all
occur in nature, but not in metal form. Promethium (atomic number 61) is the rarest, occurring only in
trace amounts.
The rare earths are usually divided into two group based on their atomic weights. The light rare earth
elements (LREEs) include the elements lanthanum to gadolinium (atomic numbers 57 to 64). The
heavy rare earth elements (HREEs) include the elements terbium to lutetium (atomic numbers 65 to
71). Yttrium and scandium are usually included with the HREE group because of their similar
chemical and physical properties.
Figure 79: The rare earths elements and average crustal abundances

Element

Light rare earths
Lanthanum
Cerium
Praseodymium
Neodymium
Samarium
Europium
Gadolinium
Heavy rare earths
Terbium
Dysprosium
Holmium
Erbium
Thulium
Ytterbium
Lutetium
Yttrium
Scandium

Symbol

Atomic
number

Atomic
weight

Crustal
abundance
(ppm)

La
Ce
Pr
Nd
Sm
Eu
Gd

57
58
59
60
62
63
64

138.91
140.12
140.91
144.24
150.36
151.96
157.25

39
66.5
9.2
41.5
7.1
2
6.2

Tb
Dy
Ho
Er
Tm
Yb
Lu
Y
Sc

65
66
67
68
69
70
71
39
21

158.92
162.5
164.93
167.26
168.93
173.04
174.97
88.91
44.96

1.2
5.2
1.3
3.5
0.5
3.2
0.8
33
22

Source: USGS 2017, Balaram 2019

The rare earths are termed ‘rare’ because when they were first identified in the 18th and 19th centuries
as ‘earths’ (which at the time was defined as elements that could be further altered by heating) they
were rare compared to other ‘earths’ such as lime or magnesia. In fact, most rare earth elements are
not rare at all. In terms of average crustal abundance, all of the rare earths (except for promethium)
are more common than gold (average crustal abundance of 0.004 ppm) or silver (0.075 ppm). Cerium
(66.5 ppm) is more abundant than copper (60 ppm). What is rare, is finding the elements sufficiently
concentrated together to allow for economic extraction.
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Figure 80: Abundance of elements in Earth's upper continental crust as a function of atomic number

Source: USGS

Geochemistry and mineralogy
The REEs are commonly found together in Earth’s crust because they share a trivalent charge
(REE3+) and they have similar atomic radii. Cerium, which can occur as Ce4+ and europium which can
exist as Eu2+ are exceptions to this trivalent charge. The lanthanides share a unique property in that
the configuration of the valence electrons (those in the outermost, most energetic shell) is the same
for each element. As the atomic number increases, an electron is added to an incomplete inner shell
(the 4f subshell) rather than to an outer level. One consequence of this is ‘lanthanide contraction’. As
the inner levels are filled with electrons, the ionic radii decrease. This gives rise to two important
results. First, it impacts the fractionation of the elements, allowing for their individual separation in
geological settings and in ore processing. Second, it gives rise to unique magnetic properties and
optical properties.
In magmatic systems, this relatively high charge of the REE ions makes it more difficult for these ions
to fit into the structure of common rock-forming minerals which are typically more suited to valance
states of 1 or 2. This means that when silicate minerals such as feldspars, amphiboles and olivine
crystallise, most of the REEs remain in melt. Other factors such as fluid composition, temperature,
pressure, and convection patterns also affect this division of elements between crystallising mineral
and the magmatic melt. (In contrast to the 3+ valance REEs, europium (2+) is usually depleted in
magmas). As a result, the concentrations of the REEs in the remaining melt tend to increase until
REE-rich phases crystalize.
Elements that do not crystallise in the early mineral forming processes are termed ‘incompatible’.
Other incompatible elements in magmatic systems include niobium, phosphorus, both of which are
present at Ngualla, as well as hafnium, tantalum, thorium, titanium, scandium, uranium, and
zirconium.
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Figure 81: Rare earths ionic radii (nanometres), trivalent ions

Source: USGS

As many as 245 minerals containing rare earths have been identified. They are diverse, and often
complex. This group includes silicates, oxides, carbonates, phosphates, sulphates, halides, borates,
and others. From a commercial perspective, bastnaesite, which forms the basis of the Ngualla
deposit, is the most important REE containing mineral. Bastnaesite is the main ore containing
mineral in the two largest rare earths deposits in the world; the iron-carbonatite deposits at Bayan
Obo in China, and in the carbonatite deposit at Mountain Pass in the US.
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Figure 82: Selected rare earth bearing minerals

Source: USGS

Deposit types
Rare earths deposits occur in a diverse range of geological settings. In the geological literature, rare
earths deposits are categorised in various ways depending on their formation processes and
geological associations. Broadly, the deposits can be divided into those formed by high temperature
magmatic and hydrothermal processes usually associated with carbonatite and alkaline igneous
rocks, and deposits formed in low temperature processes including weathering and erosion such as
placers, bauxites, laterites and ion-adsorption clays.
Carbonatites
Carbonatites are defined as igneous rocks with greater than 50% carbonate minerals, which are
usually calcite and dolomite. They are derived from carbonate-rich magmas, as opposed to silicarich magmas. Generally, carbonatites have the highest rare earths concentrations of any igneous
rocks. Many rare earths deposits, including Ngualla, are associated with carbonatites. Indeed,
carbonatites have been the world’s primary source of LREEs since the 1960s.
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The composition of carbonatites can include calcite-dominant (calcic), dolomite-dominant (dolomitic)
and iron-carbonate (usually rich in ankerite or siderite) deposits. Calcite and dolomite can occur in
roughly equal proportions. Sometimes, a single district can host carbonatite masses with different
mineralogy and chemistry that represent discrete episodes of magma intrusion.
The primary rare earths minerals in carbonatite deposits are bastnaesite (eg Ngualla), parasite,
synchysite, ancylite and monazite, all of which are typically LREE enriched. Bastnaesite has a proven
processing route; it is the main ore mineral at Bayan Obo, China and Mountain Pass, US. The main
gangue materials include the carbonate minerals calcite, dolomite, ankerite and siderite, as well as
barite, fluorite, haematite, magnetite and quartz. Barite and fluorite are both present at Ngualla and
may present further economic opportunity.
One issue with the world’s current focus on mining carbonatites is that together with neodymium
and praseodymium, large amounts of cerium and lanthanum are also produced, leading to
oversupply in these elements. This has been termed ‘the balance problem’.
Alkaline igneous rocks
After carbonatites, the second main group of rare earth deposits is associated with alkaline silicate
igneous processes, especially peralkaline magmatism. Alkaline igneous rocks crystallize from silicate
magmas and fluids that are enriched in alkali elements and which precipitate sodium and potassium
bearing minerals. Alkaline igneous rocks typically contain little or no quartz. Peralkaline igneous
rocks are those containing less aluminium oxide than sodium oxide

and potassium oxide combined

(Al2O3 < Na2O + K2O). These rocks are typically more often associated with rare earth enrichment,
especially HREE enrichment, than other igneous rocks. This relatively higher concentration of HREEs
has led to increased exploration activity, for example in Greenland, and at Hastings in Western
Australia.
Some of the most highly REE-enriched peralkaline intrusions are agpaitic, that is rocks characterised
by complex silicates containing zirconium (Zr) and titanium (Ti) eudialyte and aenigmatite. It is
believed the only active rare earth mining in peralkaline igneous rocks occurs in the Lovozero
agpaitic nepheline syenite complex in Russia, where the main ore mineral is loparite. A number of
large agpaitic nepheline syenite complexes are currently being explored for rare earths; eudialyte is
the main ore containing mineral in these systems.
Agpaitic nepheline syenite deposits can be large, but they are typically low grade (<1%) in terms of
total rare earth oxides (TREOs). They often demonstrate flatter REE profiles. While this has the
advantage that less cerium and lanthanum is produced per unit of neodymium, but it also means
that concentrations of yttrium and the heavy rare earths may be undesirably high. Typically, these
deposits are characterised by low concentrations of uranium (U) and thorium (Th)
According to USGS (2017), the REE ores hosted in peralkaline igneous systems can be challenging
to process. A peralkaline igneous deposit can contain more than 20 REE-bearing minerals, and
processing techniques must be employed that liberate and the separate and concentrate the
individual rare earth elements. There is no routine metallurgical method for processing these types of
ores, with new procedures having to be developed for each deposit.

Orior Capital

74

Peak Resources, PEK.AX

27 September 2021

Ion adsorption clays
In some deposits, rare earth elements are adsorbed onto clay surfaces. These deposits form when
rare earth elements are leached by groundwater from granite and become fixed onto clays in laterite
soils such as kaolinite and halloysite. They tend to be relatively HREE-enriched, and are easy to
leach at ambient temperatures using reagents such as ammonium sulphate. These types of deposits
are currently only mined in southern China; they provide the primary source for the world’s heavy
rare earths. REE concentrations tend to vary from 300 ppm to 2,000 ppm. USGS (2017) notes that
these low concentrations are economic because the deposits are easily leached, contain relatively
high concentrations of HREEs, labour costs are low, and environmental protection is lacking.
There are a number of laterite deposits similar to those in southern China, including at Dong Pao
Mine in northern Vietnam, and at the Tantalus Rare Earth project in Madagascar.

Bastnaesites are easier to process
Of the 160 minerals that are known to contain rare earths only four are currently mined for their rare
earths. These are bastnaesite (a fluorocarbonate), laterite clays (also called ion adsorption clays),
monazite (a phosphate) and loparite. Bastnaesite, monazite and loparite account for ~95% of the
world’s light rare earths mining. Laterite clays are a source of heavy rare earths. In China, the world’s
largest rare earths producer, some 94% of output is from bastnaesite deposits. The Bayan Obo mine
in Inner Mongolia, which accounts for more than 80% of China’s output, and MP Materials’ Mountain
Pass mine in California, are both bastnaesite mines.
Monazite deposits are more widely distributed, including in Australia, India, Brazil, Russia, Thailand
and other countries. In the 1980s, monazite represented ~40% of global rare earths production.
Since then, notwithstanding the development of Lynas’ Mount Weld project in Australia, monazite
mining has declined substantially. There are two main factors behind this. First it is generally more
expensive to process monazite than bastnaesite. Second, monazite can contain significant amounts
of radioactive thorium.
Processing of bastnaesite ores typically involves crushing and physical separation, hot flotation to
remove barite (BaSO4) and heavier products, a dilute hydrochloric acid (HCl) stage to dissolve calcite
(CaCO3), roasting to convert cerium Ce3+ to Ce4+, leaching with HCl to dissolve the trivalent (3+) rare
earths and leave the cerium concentrate behind for separate refining, and then solvent extraction to
separate the individual rare earth elements.
Monazite processing is not quite so straightforward. After the monazite is separated from other
minerals it has to be cracked using either an acid or alkaline process. The acid process involves
treating the monazite with concentrated sulphuric acid at a temperature of 150°C to 200°C. This
produces a solution of rare earths and thorium sulphates and phosphates. The solubility of the rare
earths and thorium varies with acidity and temperature which complicates the separation. At high
acidities, the rare earths sulphates are insoluble and the thorium is soluble, enabling the thorium to
be removed. Once the thorium is removed the resulting mixed rare earth concentrate can be
separated.

USGS Rare-Earth Elements, 2017 https://pubs.usgs.gov/pp/1802/o/pp1802o.pdf
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In the alkaline process, the monazite is treated with a 70% sodium hydroxide (NaOH) solution, and
placed in an autoclave for several hours at elevated temperatures of 140°C to 150°C. Water is used
to remove (soluble) sodium phosphate (Na3PO4) leaving the insoluble rare earths hydroxide which
typically contains 5-10% thorium. The thorium is then separated. One method is to dissolve the rare
earths hydroxide in hydrochloric or nitric acid (NHO3) and then precipitate thorium (IV) hydroxide
(Th(OH)4) using sodium hydroxide or ammonium hydroxide. Another way is to add hydrochloric acid
to the rare earths hydroxide to dissolve rare earth chlorides to enable thorium hydroxide to be filtered
off. Once these steps are completed, the rare earths solution can be converted and sold as a mixed
rare earth concentrate or separated into individual elements.
This more complicated processing route for monazite typically results in higher capital and
operating costs, and more involved environmental procedures for handling and storing
materials.
Figure 83: Global rare earths mines and projects

Source: USGS
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Global resources and reserves
USGS estimates world total rare earth oxides (TREOs) at 120 Mt. Of this amount, some 89% are
located in just five countries; China, Vietnam, Brazil, Russia and India.
Figure 84: TREO total reserves and compliant reserves

TREO reserves
Country
China
Vietnam
Brazil
Russia
India
Australia
Greenland
United States
Tanzania
Others
Total

Reserves
Tonnes m
44.0
22.0
21.0
12.0
6.9
4.1
1.5
1.5
0.89
6.1
120.0

Share of
reserves
37%
18%
18%
10%
6%
3%
1%
1%
1%
5%
100%

TREO compliant reserves
Country
Reserves
Tonnes m
Australia
2.55
Greenland
1.54
United States
1.51
Tanzania
0.89
South Africa
0.86
Brazil
0.53
Canada
0.33
Sweden
0.14
Malawi
0.14
Chile
0.01
Total
8.49

Share of
reserves
30%
18%
18%
10%
10%
6%
4%
2%
2%
0%
100%

Source: USGS, Adamas Intelligence

According to Adamas Intelligence, as at 2Q19 there were 17 ‘compliant’ rare earth mineral reserves,
complying with the various established reserve standards, NI 43-101, JORC and SAMREC.

Production
Based on data from USGS, global production of rare earth oxides reached 243,000 tonnes in 2020.
The biggest producers include China, which based on its production quota of 140,000 tonnes,
accounted for 58% of global production, as well as the US (16%) and Australia (7%). Myanmar
accounted for some 30,000 tonnes (12%). Together, these four countries accounted for about 92%
of total global rare earth oxide output in 2020. Global production has grown sharply over the past
few years, almost doubling since 2014.
Figure 85: Global rare earth oxides production

Source: USGS, MP Materials
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Chinese rare earth production occurs mostly in the southern provinces of Fujian, Guangdong,
Jiangxi, Hunan and Guangxi, as well as in Sichuan, Shandong and Inner Mongolia. The largest mine,
Bayan Obo, is located in Inner Mongolia. It produces iron ore as well as the rare earths ores
bastnaesite and monazite. Rare earth bearing ion adsorption clays are mined in various areas in
southern China, producing virtually all of the world’s heavy rare earth elements.
In 2010, China announced that its intention to reduce exports of rare earths. This raised a number of
concerns among consuming nations that rely on rare earths in high-tech applications, including
Japan, the US and some countries in Europe. It also served to highlight the political and economic
issues surrounding rare earths supply, and led to greater appreciation of rare earths strategic
importance. Rare earths prices skyrocketed. In 2014, after protests from some consuming countries
and the World Trade Organisation (WTO), China agreed to remove the restrictions.
According to USGS, Chinese rare earths production fell from 130,000 tonnes in 2010 to 95,000
tonnes by 2013. It is widely believed based on Chinese exports of rare earth magnets that actual
production was greater than this, with Chinese companies utilising unreported rare earth ores from
Myanmar and Vietnam. Vietnam has substantial resources of rare earths, but is not recognised as a
producer. USGS has reported Myanmar production separately since 2018.
One consequence of China’s 2010 reduction in rare earth exports was increased exploration efforts
across the rest of the world. In the US, the Mountain Pass mine in California (now owned by MP
Materials) was restarted in 2012, but idled in 2015 because of low prices. Mine operations started
again in 2018, and MP Materials reported production of 38,000 tonnes of rare earths oxides in 2020.
In Australia, Lynas Corp commenced production at Mount Weld in 2011. According to USGS, Lynas
accounted for 7% of global rare earths oxide production last year.
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End uses
Figure 86: Rare Earth Applications and End-Uses

Source: Adamas Intelligence
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Appendix 4: Rare earth permanent magnets
Magnetic Strength of Neodymium Magnets
The strongest commercially available permanent magnets are neodymium rare earth magnets. They
are made of a sintered or bonded alloy of neodymium, iron, and boron. The correct composition of
elements produces a magnet with very strong magnetic properties. There are several key properties
that determine the usefulness of a permanent magnet.
Remanence is a measure of a permanent magnet’s strength post-magnetisation. The strength of a
magnetic field comes from the dipole moments present in the magnetic material. Dipole moments
are produced via the spinning of electrically charged particles, typically unpaired electrons. The
unpaired electrons are aligned such that they spin in the same direction, which generates a magnetic
field. Neodymium magnets have a large number of unpaired electrons (four compared to iron’s three)
producing a large magnetization. This magnetic energy value is about 18 times greater than
standard-strength ferrite magnets by volume and 12 times by mass.
Whilst the strength of neodymium magnets is important, their ability to remain magnetised
contributes to their widespread use. Coercivity describes the magnetic field strength required to
demagnetize a permanent magnet. Magnets with high coercivity are more resistant to
demagnetisation via the application of an external magnetic field. Neodymium Magnets have a high
coercivity, which means they are very resistant to becoming demagnetized.
Neodymium magnets have many advantages over other magnet types due to their high magnetic
energy density. A greater energy density means that neodymium magnets can produce the same
energy potential with less material than other magnet types. This makes neodymium magnets ideal
for smaller applications, such as magnetic sensors and switches. At larger scales, the strength of
neodymium magnets allows them to be used in situations where strong magnetic fields are needed,
such as in fine-particle separation. Equivalent ferrite magnets require housings 20 times larger, which
become impractical at large scales. The strength to size ratio of neodymium magnets allows their
use in commercial everyday devices without sacrificing aesthetics.

Rare Earth Magnets in Electric Vehicle Motors
Rare earth magnets are used in two key components of electric vehicles; sensors and motors.
Electric vehicles are propelled using an electric motor rather than a traditional internal combustion
engine. The power used to drive the motor comes from an internal battery. The motor must run
incredibly efficiently to reduce waste energy, maximizing battery life.
Magnets are a key component in electric motors. Motors are composed of a coil of wire surrounded
by magnets. When current passes through the coil, the coil produces a magnetic field. This field
opposes the surrounding magnets, creating a repulsive effect that spins the motor. When choosing
the magnet for the motors, several factors are key. Primarily, the magnetic force must be great
enough that a sufficient repulsive force can be produced. As neodymium magnets are very strong,
they are able to produce a significant repulsive force. The magnet must also be able to withstand the
heat produced during the coil-magnet interaction, as heat adversely affects magnetic strength. Size
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must also be taken into consideration. As neodymium magnets have very high magnetic energy
density, smaller magnets can be used to produce a sufficient repulsive force.
Currently, neodymium magnets are the optimum magnets used in electric vehicle motors. The
addition of other rare earths such as dysprosium can produce higher energy density, which in turn
increases both power and size efficiency of the magnet.

Other Uses for Neodymium Magnets
Other than electric vehicles, neodymium magnets are used in a variety of applications.
Magnetic Resonance Imaging (MRI): a recent development in medical and research imaging
equipment. MRI machines use magnetic fields to produce images of any part of the human body.
They are used in medicine to diagnose Cancer, Tumour, Cerebrovascular, and Nervous system
diseases.
Magnetotherapy: the use of magnetic fields to treat certain diseases and conditions. When applied
to a pressure point, magnetotherapy can treat hypertension, arthritis, insomnia, and a variety of other
conditions.
Audio Equipment: speakers use magnets to convert an electrical signal into a sound wave.
Magnetic cranes: strong magnetic forces can be used to lift heavy objects. Magnetic cranes are
commonly used for handling heavy iron and steel materials and components, including steel plates,
iron blocks, and large mechanical parts.
Permanent Magnet Motors outside of Electric Vehicles: neodymium motors can be found in
many industries, being highly desirable because they are cost efficient, lightweight, small in size, and
high in power. They can be found in non-vehicular transport, such as electric scooters or bikes, and
in non-transport motors such as refrigerators and air conditioning motors.
Magnetic Separation: magnets can be used to separate ferromagnetic and non-ferromagnetic
materials. Magnetic separation is used in beneficiation, coal preparation, raw material treatment,
water treatment, garbage treatment, and in the chemical, medicinal, and food industries.
Microwave Communication: neodymium magnets are used in microwave communication
technology, including radar technology, satellite communication, remote control, electronic tracking,
and electronic countermeasures technology.
Magnetisation technology: because neodymium magnets are very strong, they are often used to
magnetise other materials. This includes producing more magnets, as well as changing the physical
or chemical properties of materials.

https://www.first4magnets.com/tech-centre-i61/information-and-articles-i70/neodymium-magnetinformation-i82/common-applications-of-neodymium-magnets-i88
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How magnets are made
Neodymium Iron Boron is an alloy made mainly from a combination of neodymium, iron, boron,
cobalt and varying amounts of dysprosium and praseodymium. The precise chemical composition
depends on the grade of the magnet. Dysprosium and praseodymium are added as a replacement
for some of the neodymium in order to improve corrosion resistance and to improve intrinsic
coercivity (Hci).
Figure 87: Typical composition of NdFeB magnets

Element
Neodymium, Nd
Iron, Fe
Boron, B
Aluminium, Al
Niobium, Nb
Dysprosium, Dy

Proportion by weight
29% to 32%
64.2% to 68.5%
1.0% to 1.2%
0.2% to 0.4%
0.5% to 1.0%
0.8% to 1.2%

Source: Bunting UK

The neodymium, iron and boron are measured, and placed in a vacuum induction furnace to form an
alloy. Other elements such as cobalt, copper, gadolinium and dysprosium are added depending on
the grade of the magnet. The mixture is melted, and the resultant melted alloy allowed to cool to
form alloy ingots. The ingots are converted into powder (usually 3 microns or less) and then fed into
a hopper so that the powder can be pressed into magnets.
The alloy powder is compacted in the presence of an externally applied magnetic field. The external
magnetic field is usually applied perpendicular to the direction of the compacting forces. This
produces better magnetic properties. Another method is to put the alloy powder into a rubber mould
in a fluid filed container where the powder can be compressed from all sides as the pressure in the
fluid increases. This ‘isostatic’ pressing gives the best possible magnetic performance.
The external magnetizing field is created by a solenoid coil which is placed either side of the
compacting powder. The magnetic domains of the NdFeB powder align with the magnetising field
that is applied.
As the alloy powder is pressed by the die, the direction of magnetisation is locked in place, and the
magnet is given a preferred direction of magnetisation. This is called anisotropic. (If no external field
is applied the magnet could be magnetised in any direction. This is called isotropic. Anisotropic
magnets give superior magnetic performance).
Before the magnet is released from the die, it is given a demagnetizing pulse. The uncompacted
magnet, called a ‘green’ magnet, crumbles under force and has weak magnetic properties. The
green magnet is sintered to strengthen it and finalise its magnetic properties. Sintering uses pressure
and heat to compact the magnetic powder. The temperature and sintering time are closely
monitored, and the environment must be anaerobic, such as in an argon chamber. Oxygen present
will oxidise the neodymium alloy, destroying some of the magnetic properties. Sintering causes the
magnet to shrink unevenly, and so the green magnet is made larger than the required specifications.
The magnet is then quenched to rapidly and evenly cool it, preserving magnetic properties.
Uneven shrinkage means that the magnet must be machined into shape. Diamond cutting tools and
wire cutting machines must be used, as neodymium magnets are very hard. For neodymium block
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magnets, costs can be saved by using larger magnet blocks made by isostatic pressing and cutting
them into blocks of the desired size. This is done for speed and for mass production, and is known
as “slice and dice”. Standard magnet dimensional tolerances are +/-0.1mm, although +/-0.05mm is
achievable at extra cost.
The magnets are given a protective coating. Magnets must be cleaned of any swarf/powder leftover
from machining. They are then thoroughly dried before plating. Any leftover powder or water on the
magnets before coating will be trapped between the magnet and coating layer. Water must be
removed else the magnet can corrode. Various coating types are available, the most common being
a Ni-Cu-Ni plate. It is not recommended that uncoated magnets be used, though it can be produced
at the request of the customer.
The coated magnets are then magnetised. This uses a Solenoid coil that produces a magnetic field
strength at least three times that of the magnet’s coercivity (generally a 5T field is used). The magnet,
being anisotropic, already has a preferred direction of magnetization. Therefore, the magnet must be
aligned to the solenoid’s magnetic field, else the magnet may rapidly move to align itself. The
rotational forces of a self-aligning neodymium magnet are enough to shatter itself, and so must be
held in place during magnetisation. The coated magnets are magnetised to saturation, in which the
solenoid’s applied magnetic field cannot increase the magnetisation of the neodymium any further. If
the neodymium is not aligned with the solenoid’s magnetic field, full saturation may not be achieved.
Neodymium magnets are made up of domains, local areas within the magnet’s structure with their
own magnetic fields. A small proportion of domains are ‘weak’, and ‘relax’ after magnetisation. Weak
domains lose some magnetic strength during relaxation. This is a natural process that cannot be
avoided. The output drop is less than 0.5 % typically and occurs very soon after being magnetised
to saturation. Once complete, the output of the neodymium magnet will not decrease further except
by external demagnetising fields, raised temperatures, radiation or corrosion.
The neodymium magnets are given control checks throughout the entire production process. After
manufacture, they are given a final check involving magnetic performance, visual, and dimensional
tests. After passing quality control, they are packed and shipped to the customer.

https://e-magnetsuk.com/introduction-to-neodymium-magnets/how-neodymium-magnets-aremade/
https://www.bunting-berkhamsted.com/explaining-neodymium-magnet-strength/
https://www.buntingeurope.com/rare-earth-magnets-in-electric-vehicle-motors/
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Appendix 5: Tanzania turns pro-business
Tanzania is situated on the east coast of Africa. It comprises the mainland of Tanzania, and the
Zanzibar islands. It covers an area of 945,000 sq. km. Tanzania is bordered by Kenya and Uganda to
the north; Rwanda, Burundi, and the Democratic Republic of the Congo to the west; Zambia,
Malawi, and Mozambique to the south; and the Indian Ocean to the east. The terrain is one of the
most varied in the world with mountainous areas in the north-east, plateaus in the centre, and plains
along the coast. Dodoma, Tanzania’s capital, is located in the middle of the country. The former
capital, Dar es Salaam, is located along the eastern coast. According to the World Bank, Tanzania’s
population is 59.7m.
Tanzania was formed as a result of the combination of two former British territories. Tanganyika, a
British military outpost during the Second World War, and now the mainland, gained independence
in 1961. Zanzibar gained independence in 1964. Tanganyika and Zanzibar combined to form the
United Republic of Tanzania in 1964.
Tanzania is governed as a democratic presidential republic in which the President of Tanzania is the
head of government and of a multi-party system. The party system is dominated by the Chama Cha
Mapinduzi (Revolutionary State Party). The country holds elections for the president and vice
president every five years that are based on a simple majority popular vote, and are done through
ballots. Presidents are limited to a maximum of two five-year terms. The first multi-party democratic
elections were held in 1995. The judiciary is independent of the executive and the legislature.
Tanzania’s legal system is based upon English common law.
Nowadays, Tanzania has a vibrant, fast-growing economy, that benefits from a young and educated
workforce. It is the second largest economy in East Africa after Kenya. Tanzania is seeing rapid
infrastructure development, aided by organisations such as the Africa Development Bank (AfDB).
The official language of Tanzania is Kiswahili. English is the second official language and the
language of commerce, administration, and higher education.

Political overlay
Samia Suluhu Hassan became Tanzania’s first female president in March 2021, after the death of
President John Magafuli. President Hassan had served as Vice President since 2015. She is
expected to remain President until 2025. In her short time in office to date, President Hassan has
reversed Tanzania’s course on the coronavirus pandemic (which was denied by her predecessor).
President Hassan launched a vaccination program in July 2021 using the Johnson & Johnson (US)
single-dose vaccine.
President Hassan has also adopted a more ‘pro-business’ stance. The cabinet approved two Special
Mining Licences (awarded for projects with capital expenditures of greater than US$100m) in July
2021. These were awarded to Peak and to OreCorp (gold). In May 2021, the Government of Tanzania
signed the host government agreement for the Uganda-Tanzania crude oil pipeline (which will come
into the port of Tanga, located in Mombasa). President Hassan has pushed for the host government
agreement to be finalised for Tanzania’s first liquefied natural gas project, so that a final investment
decision can be made.
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Rapid economic growth
Tanzania has seen significant economic growth, averaging around 6-7% per year over the past
decade. Real GDP growth did slow in 2020 to about 4.8% but is expected to average 5-6% pa over
the next few years. Services accounts for about 45% of GDP and is expected to grow at 5-7% pa
driven by trade, logistics and telecommunications. The agriculture sector, which accounts for about
27% of GDP and about 65% of total employment, is expected to grow more modestly at around 4%
pa. Notably, agricultural employment has declined from 80% of total in 2020, a sign of Tanzania’s
increasing industrialisation. A number of major infrastructure projects are expected to propel
economic growth including the Rufiji Hydropower project and the Tanzanian-Rwandan Railway.
Tanzania is urbanising rapidly. In 2020, about 35% of the population lived in urban areas up from
about 28% in 2010.
The Dar es Salaam Stock Exchange was founded in 1996. There are currently 29 listed companies,
13 of which are banking or finance related. Currently, total market capitalization is ~TZS16,600 billion
(~US$7.2bn). The three largest companies by market capitalization are Tanzania Breweries Limited
(US$1.4bn), KCB Group (US$1.3bn) and East African Breweries Limited (US$1.3bn). Other notable
companies include Tanzania Cigarette Company, and Vodacom Tanzania.

A bright young workforce
Tanzania has a young population, with about 43.5% of the population under the age of 15, and
about 63% under the age of 25. A young population can provide a ready workforce for investors,
and a large tax-base for governments, though it can also put pressure on education systems, and
resources. Tanzania has a number of universities including the University of Dar es Salaam,
Muhimbili University of Health and Allied Sciences, and Sokoine University of Agriculture.
Figure 88: Tanzania Population Pyramid

Source: PopulationPyramid.net
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Infrastructure
Port of Dar es Salaam
The Port of Dar es Salaam is Tanzania’s principal port, designed to handle cargoes of more than
10m tpa. This includes liquid bulk cargos of 6.0m tpa, general cargoes of 3.1m tpa, and container
cargoes of 1.0m tpa (which according to the Tanzanian Ports Authority is the equivalent of 9,619,876
TEUs (twenty-foot equivalent units)).
The Port has a total quay length of about 2,600m metres, with eleven deep-water berths. It is a vital
international port that in addition to Tanzania, serves the landlocked countries of Burundi,
Democratic Republic of Congo, Malawi, Rwanda, Uganda and Zambia.
According to the Tanzanian Ports Authority, the Port of Dar es Salaam handles about 95% of
Tanzania’s international trade. The port has excess capacity, frequent shipping to Asia, and thus a
large number of empty returning containers.
Roads
Road transportation accounts for more than 90% of passengers, and about 75% of the freight
traffic, according to TanzaniaInvest.com. The road network comprises more than 86,000 km of
roads, of which 34,000 km are managed by Tanzania’s National Road Agency, with the rest
managed by regional and local administrations. TanzaniaInvest.com states that as of 2013, 19% of
the national roads (about 6,400 km) and 2% of district roads (about 1,100 km) are paved, suggesting
that less than 10% of Tanzania’s roads are paved.
Tanzania has a clear geographical advantage as a regional trade hub, situated on the east African
coast and being able to serve six land-locked countries. In 2014, the African Development Bank
(AfDB) said that inadequate transport infrastructure was hampering economic growth, and
competitiveness. In 2013, the World Economic Forum’s Global Competitiveness Report ranked
Tanzania 134th in the quality of its infrastructure, out of 148 countries. Uganda was 133rd. Since
then, AfDB has looked to invest heavily. At the end of 2015, the bank approved US$346m to improve
500 km of roads in Tanzania over five years. In November, 2018, AfDB approved a further US$322m
in loans and grants to Tanzania and Burundi to upgrade a further 300 km of roads.
TAZARA railway
The TAZARA railway was built by the governments of Tanzania, Zambia and China from 1970 to
1975. The railway provided the only route from Zambia’s copper belt to a coastal port without having
to transverse South Africa and Rhodesia (now Zimbabwe), both of which were under white-minority
rule at the time. TAZARA was financed by China; at a cost of ~US$400m it was China’s largest
foreign-aid project at the time.
The railway is 1,860 km long, and runs from Dar es Salaam in Tanzania, to Kapiri Mposhi in central
Zambia. Starting at sea level, it reaches its highest point of 1,789m at Uyole, before ending at
1,275m at Kapiri Mposhi. TAZARA was built using Cape Gauge, which is 3 ft 6 in (1,067mm), a
common gauge in southern Africa. More modern railways in Tanzania owned by Tanzania Railways
Limited, have a gauge of 1,000mm. A transhipments station was built in Kidatu in 1998 to facilitate
switching between lines.
TAZARA was built for the future, but faced early challenges. It has a design capacity of 5.0m tpa
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freight, and carried 1.1m tonnes in 1977 and 1.3m tonnes in 1978, before volumes declined. In 2020,
freight volumes were 379,000 tonnes, up more than four-fold from the low in 2015, but still low in
terms of capacity utilisation. Freight schedules had become so slow, that in 1978, Zambia re-opened
links with Rhodesia to be able to efficiently import fertilisers and export copper.
Nowadays, even though there has been limited investment in the railway, capacity utilisation is so
low, that there is plenty of spare capacity. Visiting TAZARA in October 2018, two things were clear.
The tracks need tamping. Simple maintenance could lift average speeds by perhaps 20 km/h.
TAZARA needs customers.
The railway passes through Mbeya, at 848.8km from Dar es Salam. Mbeya is located 147km south
of the Ngualla project area.
Figure 89: Tanzania map

Source: CIA World Factbook

Orior Capital

87

Peak Resources, PEK.AX

27 September 2021

Appendix 6: Board of Directors
Tony Pearson, Non-Executive Chairman: Tony is an experienced international natural resources
executive and company director. He is currently the Chairman of ASX listed Cellnet, a Trustee of the
Royal Botanical Gardens & Domain Trust and a Non-Executive Director of Communicare Inc. He was
formerly a Commissioner at the Independent Planning Commission, and previously a group
executive at TSX/HKEx listed SouthGobi Resources, based in Hong Kong, where he was responsible
for the company’s corporate and strategic initiatives. Tony has over 15 year’s commercial and
investment banking experience, covering the Asia Pacific natural resources industry, most recently
as a Managing Director at HSBC.
Bardin Davis, Managing Director: Bardin holds over 20 years of investment banking and corporate
experience in the mining and energy sectors. He was formerly the CFO of UPC/AC Renewables
Australia and previously held a number of senior investment banking roles in Hong Kong and
Sydney. Previous roles include Head of the Resources & Energy Group, Asia Pacific, Deputy Head of
Corporates, Asia Pacific, and Head of Advisory, Australia, for HSBC and Head of Metals & Mining
Asia for Macquarie Capital. Bardin has significant emerging markets experience and has worked on
a broad range of international advisory, capital markets and financing transactions.
Hon. Abdullah Mwinyi, Non-Executive Director: The Hon. Mr Mwinyi is a member of the Tanzanian
Parliament, having entered Parliament in 2007, and was also a Member of the East African
Legislative Assembly (2007 – 2017), where he was Chair of the Legal, Privileges and Rules
Committee and the Regional Affairs and Conflict Resolution Committee. He is also Chair of Swala Oil
and Gas (Tanzania) plc. The Hon. Mr Mwinyi is a lawyer by profession and, in 2007, established
Asyla Attorneys, where he specializes in corporate, commercial, labour and employment law.
Giselle Collins, Non-Executive Director: Giselle is a Member of Chartered Accountants Australia
and New Zealand. She is currently Chair of Larrakia Darwin Hotel, and a non-executive director of
ASX listed Hotel Property Investments and Vinomofo, where she is Chair of each company’s Audit &
Risk Committees. Giselle is also a non-executive of Generation Life, a Trustee of the Royal Botanic
Gardens & Domain Trust, and a Graduate Member of the Australian Institute of Company Directors.
Giselle will assume the role of Chair of the Company’s Audit & Risk Committee.
Rebecca Morgan, Non-Executive Director: Rebecca is a geologist and mining engineer with 19
years of international resources industry experience working with major mining houses, consulting
groups, and junior explorers including in rare earth market research, due diligence, independent
reporting and mineral asset valuation. Rebecca has a Bachelor of Science (Hons) Applied Geology;
Post Graduate Diploma (Mine Engineering, and a Master of Engineering Science (Majoring in Mineral
Economics and Mine Optimisation) from Curtin University. Rebecca is also a Member of the
Australian Institute of Geoscientists and the Australian Institute of Mining and Metallurgy.
Philip Rundell, Company Secretary & Chief Financial Officer: Philip is a former Partner at
Coopers & Lybrand (now PriceWatehouseCoopers) and a Director at Ferrier Hodgson. He is now a
sole practitioner Chartered Accountant specialising in providing company secretarial, compliance,
accounting and reconstruction services.
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Appendix 7: Companies mentioned
Figure 90: Companies mentioned in this report

Company
Peak Resources
Amazon
Arafura
Australia Strategic Materials
Barrick Gold
BMW
The Chemours Company
East African Breweries
Ford
General Motors
Greenland Minerals
Hastings Technology Metals
Iluka Resources
Ionic Rare Earths
KCB Group
Lake Resources
Lynas Rare Earths
MP Materials
Nissan Motor Co
Northern Minerals
Pensana
Rainbow Rare Earths
Rare Element Resources
Sembcorp Industries
Shenghe Resources Holding Co
Stellantis
Tanzania Breweries Ltd
Tanzania Cigarette Co
Vital Metals
Vodacom Tanzania
Volkswagen
Volvo
Walmart

Stock code
PEK.AX
AMZN
ARU.AX
ASM.AX
GOLD
BMW.F
CC
EABL.DSE
F
GM
GGG.AX
HAS.AX
ILU.AX
IXR.AX
KCB.DSE
LKE.AX, LLKKF
LYC.AX
MP
7201.T
NTU.AX
PRE.L
RBW.L
REEMF
U96.SI
600392.SS
STLA.PA
TBL.DSE
TCC.DSE
VML.AX
VODA.DSE
VOWB.F
VOLV-A.ST, VOLV-B.ST
WMT

Source: Company data
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The author
Simon Francis is a UK qualified chartered accountant (FCA) with significant experience in the natural
resources and minerals sector. Simon led research in the sector in various roles at major financial
institutions including Macquarie, Samsung and HSBC, in a career spanning more than 20 years. He
has been involved in approximately US$4bn of capital raising, for a number of natural resources
companies. Simon has been engaged in the financing of early stage companies using production
agreements, and has privately funded exploration companies in various metals and jurisdictions.
Simon seeks to deploy capital in undervalued mining and resources opportunities that have been
missed by the market.
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