The Vertically Integrated Primary Vanadium Producer

24 JUNE 2019

www.bushveldminerals.com

Corporate Presentation

2

Disclaimer (1 of 2)

These presentation slides, or any part of them and any related video or oral presentation, any question and answer session and
any written or oral material discussed or distributed during the presentation (the “Presentation Materials”) has been prepared
solely for your information by Bushveld Minerals Limited (the “Company”) and do not constitute an offer or invitation to
purchase or subscribe for any securities of the Company and should not be relied on in connection with a decision to purchase
or subscribe for any such securities. The Presentation Materials do not constitute a recommendation regarding any decision to
sell or purchase securities in the Company. In accessing the Presentation Materials, you agree to be bound by the following
terms and conditions.

The Presentation Materials have not been approved by the Financial Conduct Authority as a prospectus under the Prospectus
Rules (made under Part VI of the Financial Services and Markets Act 2000 ("FSMA")) or by London Stock Exchange plc ("LSE"),
nor is it intended that they will be so approved. These Presentation Materials do not constitute or form part of any prospectus,
admission document, invitation or offer for sale or solicitation or any offer to buy or subscribe for any securities nor will they or
any part of them form the basis of, or be relied on in connection with, or act as any inducement to enter into, any contract or
commitment. No reliance may be placed for any purpose on the information or opinions contained in the Presentation
Materials or on their completeness, accuracy or fairness.

The Presentation Materials do not constitute advice relating to legal, accounting, taxation or investment matters. The
Presentation Materials do not constitute a recommendation regarding any potential securities offering. The information
contained in the Presentation Materials does not purport to contain all information that may be required to evaluate the
Company, its financial position and/or any investment decision.

The Presentation Materials are directed at authorised persons or exempt persons within the meaning of FSMA or any order
made thereunder, including to those persons falling within the following articles of the Financial Services and Markets Act 2000
(Financial Promotion) Order 2005 (as amended) (the “Financial Promotion Order”): Investment Professionals (as defined in
Article 19(5)), members and creditors of the Company (falling within Article 43) and high net worth entities (falling within Article
49(2)). Persons who do not fall within any of these definitions should not rely on the Presentation Materials nor take any action
upon them.
These Presentation Materials are exempt from the general restriction in section 21 of FSMA relating to the communication of
invitations or inducements to engage in investment activity on the grounds that they are made only to certain categories of
persons under the Financial Promotion Order, as set out above.

Whilst all reasonable care has been taken to ensure that the facts stated in these Presentation Materials are accurate and that
the forecasts, opinions and expectations contained in these Presentation Materials are honestly held and based on reasonable
grounds, no undertaking, representation, warranty or other assurance, express or implied, is made or given by or on behalf of
the Company or any of its directors, officers, partners, employees, agents, advisers or affiliates (collectively, "Representatives"),
or any other person, as to the accuracy, completeness or fairness of the information or opinions contained in these Presentation
Materials. In addition, in issuing these Presentation Materials, neither the Company nor any Representative undertakes any
obligation to update or to correct any inaccuracies which may become apparent in these Presentation Materials.
Accordingly, no responsibility or liability is accepted by the Company or its Representatives for any loss howsoever arising,
directly or indirectly, from the use of such information or opinions or for any errors, omissions, misstatements, negligence or
otherwise for any other communication, written or otherwise (except that nothing in this paragraph will exclude liability of the
Company for any undertaking, representation, warranty or other assurance made fraudulently) or as to the suitability of any
particular investment for any particular investors or for any loss howsoever arising, directly from any use of such information or
opinions or otherwise arising in connection therewith. In addition, no duty of care or otherwise is owed by the Company nor
any Representatives for any loss, cost or damage suffered or incurred as a result of the reliance on such information or opinions
or otherwise arising in connection with the Presentation Materials. To the fullest extent permissible by law, each of the
Company, and the Representatives disclaim any and all liability, whether arising in tort, contract or otherwise, which they might
otherwise have in respect of these Presentation Materials.

The Presentation Materials contain forward-looking statements, which are based on current expectations and projections of
future events and that involve risks and uncertainties. All statements other than statements of historical facts contained in this
document, including statements regarding the Company’s future financial position, business strategy and plans, business model
and approach and objectives of management for future operations, are forward-looking statements. Without limitation, the
forward-looking statements in this document include any statements preceded by, followed by or including words such as
“anticipate”, “believe”, “could”, “estimate”, “expect”, “future”, “intend”, “may”, “opportunity”, “plan”, “potential”, “project”,
“seek”, “will”, “target”, “aim”, “can have”, “likely”, “should”, “would” and other words and terms of similar meaning or the
negative thereof.
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Disclaimer (2 of 2)

The Company’s actual results could differ materially from those anticipated in the forward-looking statements as a result of
many factors. The forward-looking statements in these Presentation Materials are based on the beliefs and assumptions of the
Company’s directors and information only as of the date of this document and are not guarantees of future performance, and
the forward looking events discussed in this document might not occur. No representation or warranty is made that any
forward-looking statement will come to pass or as to the reasonableness thereof and no reliance should be placed on any
forward-looking statements. The Directors undertake no obligation to publicly update any forward-looking statements, whether
as a result of new information, future earnings, or otherwise. The past performance of the Company is not a reliable indication
of the future performance of the Company. No statement in the Presentation Materials is intended to be nor may it be
construed as a profit forecast or a profit estimate. Results can be positively or negatively affected by market conditions beyond
the control of the Company or any other person.
The Presentation Materials should not be distributed, published, reproduced or otherwise made available in whole or in part by
recipients to any other person and, in particular, should not be distributed to persons with an address in the Republic of Ireland,
Australia, United States of America, Canada or Japan or in any other country outside the United Kingdom where such
distribution may lead to a breach of any legal or regulatory requirement. No document in relation to the Company’s securities
has been, or will be, lodged with, or registered by, The Australian Securities and Investments Commission, and no registration
statement has been, or will be, filed with the Japanese Ministry of Finance in relation to the Company’s securities. Accordingly,
subject to certain exceptions, the Company’s securities may not, directly or indirectly, be offered or sold within Australia, Japan,
the United States of America, Canada or the Republic of Ireland or offered or sold to a resident of Australia, Japan, United States
of America, Canada or the Republic of Ireland.
The Presentation Materials do not constitute or form a part of any offer or an invitation or solicitation or advertisement to
purchase and/or subscribe for securities in South Africa, including an “offer to the public” as defined in the South African
Companies Act, 2008. Information made available in the Presentation Materials should not be considered as “advice” as defined
in the South African Financial Advisory and Intermediary Services Act, 2002 ("FAIS Act") and should not be construed as an
express or implied recommendation, guide or proposal that any particular transaction in respect of any securities or in relation
to the business or future investments of the Company is appropriate to the particular investment objectives, financial situations
or needs of a prospective investor, and nothing in the Presentation Materials should be construed as constituting the canvassing
for, or marketing or advertising of, financial services in South Africa. The Company is not a financial services providers licensed
as such under the FAIS Act.

Neither the Presentation Materials nor any copy of them may be taken or released or distributed or published, directly or
indirectly, in the United States of America (the “United States”). The material set out in the Presentation Materials is for
information purposes only and is not intended, and shall not be construed, as an offer for securities for sale in the United States
or any other jurisdiction. The Company’s securities (the “Securities”) have not been, and will not be, registered under the
United States Securities Act of 1933 (the “US Securities Act”) or with any securities regulatory authority of any state or other
jurisdiction of the United States and may not be offered or sold within the United States except pursuant to an exemption from
or in a transaction not subject to the registration requirements of the US Securities Act. .

In addition, certain information contained in the Presentation Materials may have been obtained from published and nonpublished sources prepared by other parties, which in certain cases have not been updated to the date hereof. While such
information is believed to be reliable for the purpose used in the Presentation Materials, the Company and its Representatives
do not assume any responsibility for the accuracy or completeness of such information and such information has not been
independently verified by the Company and its Representatives. Furthermore, external or other factors may have impacted the
Presentation Materials, since their preparation. The Presentation Materials have not been independently verified.
The technical information contained within this presentation has been reviewed and approved by Professor Richard Viljoen.
Professor Richard Viljoen has more than 30 years’ experience in the mining industry, including 15 years as chief consulting
geologist for Gold Fields of South Africa. Notable past experience includes the development of significant mines including
Northam Platinum and the Leeudoorn and Tarkwa gold mines, identifying and developing a significant platinum deposit in the
Bushveld Complex for Akanani Resources as well as acting as consultant for exploration and mining companies in Canada,
Mexico, Venezuela, India and China in the fields of base metals, gold and platinum. Professor Richard Viljoen has extensive
experience relevant to the style of mineralisation and type of deposit under consideration and to the activity which he is
undertaking to qualify as a Competent Person as defined under the JORC Code (2012). Professor Richard Viljoen consents to the
inclusion in this presentation of the matters based on his information in the form and context in which it appears.
Presentation of data unless specified otherwise: variance analysis relates to the relative performance of Bushveld Minerals
and/or its operations during the 2018 financial year compared with the 2017 financial year.

Vanadium
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Vanadium Characteristics and Uses

• Vanadium (V) is a transition metal, in pure form is a grey, soft, ductile element
that does not occur in native form but as a component of minerals and as an
impurity amongst hydrocarbons and bauxites

Steel

• It readily forms several stable oxidation states (II, III, IV, and V)

The steel industry
accounts for ~93% of
total vanadium
consumption in 2018

Characteristics
Construction steel - rebar

Alloys for aerospace industry

Chemicals
•
•
•
•
•

Fabricability
High strength-to-weight ratio
Corrosion resistance
Weldability
Ability to exist in 4 different oxidation
states

Source: Bushveld Minerals

• Water-soluble
• Resistant to attack by alkalis,
hydrochloric acid, sulphuric acid, and
salt water
Long duration utility scale batteries

Electrolyte accounted
for ~3% of 2018 global
vanadium consumption,
but could grow up to
44% by 2027 as VRFB’s
gain momentum
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Vanadium In the Steel Market
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Vanadium Demand is Underwritten by the Steel Sector

Steel Production & World apparent vanadium consumption - High Steel Forecast

• Vanadium consumption and steel production
are strongly correlated
140 000

V consumption (mtV)

• China’s new high-strength rebar standard

2 500 000

2 000 000

120 000
100 000

1 500 000

80 000
1 000 000

60 000
40 000

500 000

World steel production (kt)

160 000

effective November 2018 estimated to
increase global Vanadium demand by 1015%

• Regulatory prescriptions make it possible to
estimate with relative certainty demand
outlook for vanadium in the steel sector

20 000
-

0

Year
Vanadium consumption in steel forecast (mtv) (LHS)

World Apparent Vanadium consumption (mtv) (LHS)

World Steel Production (kt) (RHS)

Linear (World Apparent Vanadium consumption (mtv) (LHS))

Linear (World Steel Production (kt) (RHS))

Source: Bushveld Minerals analysis, Roskill, World Steel Association

In a nascent energy storage industry, the steel
anchor is important for vanadium supply
development

9

Vanadium Demand - The Steel Story Remains Robust

2018 Vanadium use in steel
0,12

• Industrialised economies, such as the USA, typically use more vanadium per tonne
of steel than emerging economies such as India and China

0,1

• As emerging markets develop, the gap will narrow, driving up vanadium intensity of
use and thus vanadium demand

0,08

• Greater enforcement of rebar standards will drive up specific vanadium
consumption rates in China, bringing it closer to the levels of developed economies
• Implications of closing the gap between emerging economies and the developed
world:
‒ Steel production in China in 2018 = 928Mt
‒ Improving Chinese specific vanadium consumption
from 0,048 to 0,078=> 0,03kgV/t
additional vanadium demand = 27,840 mtV
(~30% of the 2018 V production)

Source: Bushveld Minerals, TTP Squared, Roskill

KgV/MT steel

• Strong correlation between economic development and vanadium intensity of use
in steel

0,099

0,077
0,057

0,06

0,054

0,053

0,048
0,040

0,04

0,02

0,012

0
North
America

Europe

CIS

World
Average

Japan
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Other
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Vanadium In Energy Storage
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The Energy Storage Proposition of VRFBs
The role of electricity is increasing rapidly,…
World energy demand by carrier, EJ/year
Solar Thermal

Electricity

Direct Heat

Biomass

Natural Gas

Oil

Coal

500

• Electricity’s
share
of
energy
consumption expected to continue to
grow at a rapid pace, doubling from
10% in 1980 to 20% today.

450
400
350
300

• This has enormous implications not
only for global energy production but
also for all minerals involved in the
electricity value chain.

250
200

150
100
50
0

1980

1990

In 1980, electricity
formed just 10% of all
energy use
Source: DNV GL Energy Transition Outlook 2018

2000

2010

2020

2030

Today, electricity
represents 20% of total
energy use

2040

2050

By 2050, electricity will
be 45% of all energy use

• By 2050 electricity’s share of global
energy consumption is expected to
be 45% of all energy use
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The Energy Storage Proposition of VRFBs
… and thus the need for energy storage is growing,…

Total Energy Storage Market, MWh
Electric Vehicles

Consumer Electronics

Stationary Storage

• Stationary storage is the most
nascent and rapidly growing energy
storage sector.

900 000
800 000
700 000

• Consumer electronics is the most
mature energy storage segment.

600 000
500 000

• Battery usage in EVs will continue
to be the largest of the three in
supporting transportation.

400 000
300 000
200 000
100 000
0
2018

Source: Navigant

2019

2020

2021

2022

2023

2024

2025

2026

2027
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The Energy Storage Proposition of VRFBs

… and is set to reach 100 GWh in new deployments by 2027
Annual Installed Stationary Energy Storage Capacity and Deployment Revenue by Market Segment

Commercial & Industrial

Residential

Total Revenue

120 000

60

100 000

50

80 000

40

60 000

30

40 000

20

20 000

10

0

0
2018

2019

2020

Note: Utility segment includes thermal storage technology
Source: Navigant Research

2021

2022

2023

2024

2025

2026

2027

• Multiple technologies will be successful due to
unique technical and cost advantages;
US billion

MWh

Utility-Scale

• Stationary energy storage demand is growing
rapidly at a rate of 58% p.a. and will exceed
100GWh by 2027

• Flow batteries expected to capture 18% of the
market, according to Navigant;
• This equates to 20GWh of demand and nearly
$10 billion in revenue by 2027
• Growth may appear excessive, but it is similar to
solar PV growth over the past 10 years
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The Energy Storage Proposition of VRFBs

1 GW

Pumped Hydro Storage (PHS)

100 MW

Compressed Air Storage
(CAES)

Hydrogen

1 MW
100 kW

T&D

10 MW

Super
capacitors

Flywheel

10 kW
1 kW

Microsecond

Battery
Second

Minute

Hour

Discharge Duration
Source: Parsons Engineering

End user

Power requirement

Generation

Energy storage design, configuration and technology selection are all based on the combination of power and energy requirements at a
potential site

Day

Week

Season
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The Energy Storage Proposition of VRFBs
Types of power sector applications of stationary energy storage

• Stationary energy storage usage
parallels that of transmission lines,
which move electricity from one
location to another. Similarly, energy
storage moves electricity from one
time to another.
• Different types of storage and
storage technologies are relevant for
different applications, often
determined by the amount of time
stored energy that is required.

• While storage is needed to stabilise
and make variable generation from
solar and wind dispatchable (or
“base load”), the value of storage
goes far beyond supporting
renewable energy.

Source: International Renewable Energy Agency (IRENA)

Distribution
infrastructure
services

Customer energy
management
services

Distribution
upgrade deferral

Power quality

Solar home
systems

Power reliability

Mini-grids:
System stability
services

Voltage Support

Retail electric
energy time-shift

Mini grids:
Facilitating high
share of VRE

Black start

Demand charge
management

Bulk energy
services

Ancillary
services

Transmission
infrastructure
services

Electric energy
time-shift
(arbitrage)

Frequency
regulation

Transmission
upgrade deferral

Electric supply
capacity

Spinning, non
spinning and
supplemental
reserves

Transmission
congestion relief

Voltage support

Increased selfconsumption
of Solar PV
Boxes in grey: Storage services directly supporting the integration of renewable energy

Off-grid
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The Energy Storage Proposition for VRFBs
Long duration storage is forecast to account for 90% of stationary energy storage by 2027

2027 global
forecast,
MWh

Share of
2027
Market,
%

61,596

64.4%

24,588

25.8%

Renewables Ramping
/Smoothing

7,575

7,9%

Frequency Regulation

1,703

1,8%

Volt/VAR Support

122

0.1%

Compound annual growth rate (CAGR)

Generation Capacity
T&D Asset Optimization

T&D Asset Optimisation

43.4%

Renewables…

52.1%

Frequency Regulation

35.7%

Volt/VAR Support

32.1%

0%

Source: Navigant

Generation Capacity

45.2%

20%

40%

60%
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VRFB Technology Offers Significant Advantages

Long lifespan cycles: Ability to repeatedly charge / discharge over 35,000 times for a lifespan of over 20 years
100% depth of discharge: Without performance degradation is unique to VRFBs

Lowest cost per kWh when fully used at least once daily makes VRFBs today cheaper than Li-ion batteries
Safe, with no fire risk from thermal runaway
100% of vanadium is re-usable upon decommissioning of the system
Scalable capacity to store large quantities of energy
Flexibility: Allows capture of the multi-stacked value of energy storage in grid applications
Very fast response time of less than 70ms
No cross-contamination: Only one battery element, unique among flow batteries

Source: IRENA
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The Energy Storage Proposition of VRFBs

1 GW

Pumped Hydro Storage (PHS)
Battery

10 MW

100 kW

Compressed Air Storage
(CAES)

Hydrogen
T&D

Both /
either

Super
capacitors

Flywheel

10 kW

Li-ion

1 kW

Microsecond

Second

Minute

VRFB

Hour

Discharge Duration
Source: IDC, Parsons Engineering

End user

Power requirement

100 MW

1 MW

Generation

VRFBs are ideal for daily storage requiring at least 3 hours of storage

Day

Week

Season
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The Energy Storage Proposition of VRFBs

• In North America, industry sentiment towards VRFBs is also strong
• In Greentech Media's 2017 Energy Storage Summit poll of 500 professionals on the next 5 years for energy storage, flow battery technology achieved the most
support
What technology has the best chance of supplanting lithium-ion as the dominant utility-scale storage technology?
Flow batteries
46%

Observations:

Electro-mechanical
1%

• The largest share of experts expect flow
batteries will become dominant

Zinc/zinc hybrid
8%

• Less than 1 in 4 respondents believe that
lithium-ion technology will remain dominant in
utility scale storage

Other
22%
The throne shall always belong to
lithium ion

23%
0%

10%

Source: Bloomberg New Energy Finance, Greentechmedia.com, TTP Squared

20%

30%

40%

50%
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Significant Upside for VRFBs

Scenario

Assumption

Vanadium 101scenario

• VRFB forecast scenario from
Bushveld Minerals May
“Vanadium 101” presentation
• Scenario used 25% market
share and Bloomberg New
Energy ESS forecast
• 5.5 kg of vanadium per kWh

Baseline –
Navigant forecast

• Flow battery forecast from
Navigant, assuming 18%
market share
• VRFBs are the successful flow
battery technology
• 4.4 kg of vanadium per kWh

Upside – BMI
forecast

• VRFB forecast from
Benchmark Minerals (BMI)
• Assumes 25% market share of
Navigant’s overall energy
storage forecast
• 3.5 kg of vanadium per kWh

Source: BMI, BNEF, Bushveld Minerals “Vanadium 101”, Navigant Research

VRFB demand in 2027,
MWh

Vanadium use in VRFBs in 2027,
mtV
• Major driver for increased VRFB
demand is a larger energy
storage market forecast from
Navigant than the BNEF
forecast used in Vanadium 101
presentation assumptions

50 875

9 250

82 280

18 700

27 500

96 250

• BNEF has since more than
doubled its forecast for energy
storage
• VRFB manufacturers are
researching ways to use more
of the electrolyte to reduce
costs and improve energy
density. Bushveld’s scenarios
assume these improvements
are achieved to support market
penetration
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Significant Upside for Vanadium Use in Energy Storage

VRFB Vanadium Demand Forecast Scenarios

100 000

96 250 CAGR 41.9%

2018 Vanadium production of 95,581 mtV

90 000
82 280 CAGR 39.9%
80 000
70 000

mtV

60 000

• While the market share of VRFBs compared
to other energy storage technologies is a key
assumption, the ultimate size and growth
rate of the stationary energy storage market
has even greater impact;

50 875 CAGR 33.9%
50 000

• Recent trends to revise energy storage
forecasts upward imply that vanadium
demand from VRFBs may be greater than
expected even under “aggressive forecasts”

40 000
30 000
20 000
10 000

8 000 CAGR 13.2%

2826,096

-2017

Baseline (Roskill)

2018

2019

2020

2021

Vanadium 101 scenario

2022

2023

2024

Navigant assumptions

2025

2026

2027

BMI assumptions

Source: Bloomberg New Energy Finance (BNEF), Bushveld Minerals analysis, Roskill, TTP Squared, Navigant, BMI, Bushveld Energy analysis

• Within 10 years demand for vanadium by
energy storage could equate to 50-100% of
today’s global market
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While Vanadium Demand Remains Anchored to Steel, there is Significant
Demand Upside from Energy Storage
Vanadium demand forecast by application and scenario

• Vanadium demand has for decades been underwritten by the steel
market, which accounts for over 90% of vanadium consumption.

250

• Steel market set to continue supporting robust vanadium demand,
growing by 2.2% CAGR from 2017 to 2027 through. With expected
increase of vanadium intensity of steel, vanadium demand CAGR
from steel is expect to be 2.5% through 2027.

‒

Stationary energy storage is forecast to grow at CAGR of 58% over
the next 10 years, becoming a $US50 billion industry by 2027.

‒

While forecasts for VRFBs vary, they could add between 8,000 and
96,000 mtV demand by 2027.

‒

This energy storage “upside” may increase vanadium demand
CAGR from 2.5% up to 8.4% for the next 10 years.

Source: Bloomberg New Energy Finance, Bushveld Minerals analysis, Roskill

Implied 10 year vanadium
demand CAGR
8.4%

200

7.7%
5.9%

150

mtV

• Significant demand upside from growing applications of vanadium in
energy storage industry via VRFBs.

x%

2.9%
100

2.5%
2.5%

50

0
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Steel
VRFB - Baseline (Roskill)
VRFB - Navigant assumptions

Non-ferrous & chemicals
VRFB - Vanadium 101 scenario
VRFB - BMI assumptions
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Energy Forecasts for New Technologies may Significantly Undervalue Actual Growth Potential

Solar PV growth continues to exceed forecasts

The same phenomenon is occurring with energy storage, where Bloomberg
New Energy Finance has more than doubled its 2030 energy storage
forecast in two years

300

+115%
250

200

150

100

50

0
2016 forecast

Source: World Economic Outlook; PVMA; www.visualcapitalist.com ; BNEF Energy Outlook 2016; BNEF Energy Outlook 2018;

2018 forecast
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VRFB Adoption Hurdles

Global challenge

• 1,000 MWh of VRFB-based energy storage requires ~6% of global
Security of supply

vanadium supply.

• VRFBs could contribute ~44% of vanadium consumption by 2027.
Both challenges are
solvable and are being
addressed …

• Vanadium input costs contribute 30-50% of the cost of the VRFB
Stability of
vanadium input cost

systems.

• Vanadium has been one of the most volatile commodities in recent
history

Source: Bushveld Minerals analysis, Joint Center for Energy Storage Research (JCESR), Roskill
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VRFB’s architecture is well suited for electrolyte rental solutions

High dependence on one mineral presents a challenge for the technology, as it puts a
higher “theoretical cost floor” than other batteries

Architecture of a VRFB creates opportunity for vanadium suppliers to develop and
deploy vanadium rental strategies

Mineral cost contribution1 to respective battery, %
• Simple architecture
• Large vanadium content
• Non degradation of
vanadium implying high
residual value

35
30

1MWh of VRFB storage
requires 5.5mtV

25
20
15
10

Benefits of the V rental to VRFB include:
5
0
Vanadium

Cobalt

Lithium

• Significantly lower and predictable CAPEX for the electrolyte
• Manageable annual fee that is added to the battery’s maintenance costs;
• Overall lower total cost of ownership / levelized cost

1.Exact cost contributions of each mineral will vary and are a function of underlying prices and other factors. Roskill utilises an average of multiple lithium-ion technologies to derive a typical
cost contribution for 2018

Source: Bushveld Minerals analysis, Joint Center for Energy Storage Research (JCESR), Roskill

Existing high grade primary vanadium producers are well placed to grow vanadium supply
even at current prices
FeV historical mid-price US$/kgV

2018 cost curve US$/kgV

140

120

100

80

60

40

20

Jun-80
Jun-81
Jun-82
Jun-83
Jun-84
Jun-85
Jun-86
Jun-87
Jun-88
Jun-89
Jun-90
Jun-91
Jun-92
Jun-93
Jun-94
Jun-95
Jun-96
Jun-97
Jun-98
Jun-99
Jun-00
Jun-01
Jun-02
Jun-03
Jun-04
Jun-05
Jun-06
June-07
Jun-08
Jun-09
Jun-10
Jun-11
Jun-12
Jun-13
Jun-14
Jun-15
Jun-16
Jun-17
Jun'18
Jun'19

0

There is sufficient incentive in the vanadium price to stimulate new supply from high grade primary vanadium resources
Source: Bushveld Minerals, Metal Bulletin 21 June 2019
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Bushveld well positioned to address VRFB adoption hurdles

Bushveld Minerals opportunity

Global challenge

• 1,000 MWh of VRFB-based energy
Security of supply

• Extensive vanadium resource in South Africa of ~ 540 Mt.
• High grade of vanadium resources in Bushveld complex

storage requires ~6% of global
vanadium supply.

(1.58% - 2.02% V2O5 in magnetite grade) allow for low
cost, primary vanadium production.

• VRFBs could contribute ~44% of

• Existing low cost cash generating and scalable production

vanadium consumption by 2027.

platform.

• Bushveld vanadium projects are well positioned with a
Stability of
vanadium input cost

• Vanadium input costs contribute 3050% of the cost of the VRFB systems.

lower first-quartile cash cost to mitigate security of cost
risk.

• Bushveld’s new electrolyte rental product will reduce
upfront costs and allocate them over long life-span of
VRFB and reduce vanadium price risk.

Source: Bushveld Minerals analysis, Joint Center for Energy Storage Research (JCESR), Roskill
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The Battery Energy Storage Opportunity in Africa is Real and Now

The World Bank Group (WBG) has committed US$1 billion to accelerate investments in battery storage for low and middle-income countries
• Expected to mobilise another US$4 billion in concessional climate financing and public and private investments.
• The programme is expected to help these countries grow use of renewables, particularly wind and solar power, to improve energy security, increase grid stability and
expand access to electricity.
• The program aims to finance 17.5GWh of battery storage by 2025
South Africa’s draft integrated resource plan (the country’s electricity plan) has massive opportunities for battery energy storage
• 15,000MW of new renewable electricity generation by 2040
• 9,000 MW in peaking generation capacity with provision for alternative technologies (such as battery energy storage).
• New allocation of an additional 200MW per annum for small-scale embedded generation that can include storage.
• South African Renewable Energy Independent Power Producer (REIPP) Procurement Programme restarted to add more renewable energy to the grid, creating
opportunities for battery storage.
Bushveld Energy is well positioned in geography and capabilities to take advantage of the massive opportunities in the region
• Nearly 40% of WBG funding historically has gone to sub-Saharan Africa, suggesting that a similar amount of the battery energy storage programme will be deployed
there
• State-owned electricity utility, Eskom is preparing to roll-out 1400MWh of battery energy by 2022.
• Deteriorating performance of the South African power system and recent return of “load shedding” creates significant demand from electricity consumers for self
supply of electricity, including large amounts of storage.

Source: Bushveld Minerals analysis, Joint Center for Energy Storage Research (JCESR), Roskill
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Company Overview

A low cost, vertically integrated primary vanadium producer

• High grade ore for primary vanadium mining &
processing
• Largest primary vanadium resource base in the
world

An energy storage solutions provider, exclusively focused on vanadiumbased energy storage systems
• Electrolyte manufacturing
• Co-location in Vametco and Vanchem process =>
significantly lowering costs
Targeting initial 200 MWh of electrolyte p.a.

• Large, low cost vanadium processing facilities
• Focus on expansion and enhancement of
brownfield operations
The Group is targeting a production nameplate capacity of
10,000 mtVp.a. in the medium term

• Vanadium Redox Flow Battery (VRFB) Assembly &
manufacturing
• MW scale energy storage project development
• Deployment models include PPAs, leasing models
Targeting 1,000 MWh opportunities by 2020

Our vertically integrated business model provides a natural hedge against vanadium price volatility
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Bushveld Vanadium Overview
Large low cost primary vanadium production base anchored in
supply to the steel sector

• High grade ore for
primary vanadium mining
& processing (1.58% 2.02% V2O5 in magnetite
grades)
• Largest primary
vanadium resource base
in the world (~540 Mt)
• Large, low cost vanadium
processing facilities
• Focus on expansion and
enhancement of
brownfield operations

1. Vametco
• Primary vanadium mine and plant.
• Production of 2,560 mtV in 2018.
• Production of > 4,200 mtVp.a. to be
achieved post completion of Phase 3
of the Expansion project.
• 186.7 Mt Resource, 48.4 Mt reserve
grade of 1.98% V2O5 in magnetite.
• Life of Mine of 27 years.

2. Brits
• Outcropping, strike extension of the
Vametco mine.
• Maiden Mineral resource contains
66.8 Mt resource of 1.58% V2O5 in
magnetite.
• Provides the potential for additional
ore feed for Vametco and Vanchem.

3. Vanchem (conditional acquisition)
• Low cost primary vanadium
processing facility.
• Currently producing circa 80mtV per
month using 1 of the 3 kilns.
• Production of 4,200 mtVp.a. to be
achieved post completion of a 5 year
refurbishment programme.

4. Mokopane
• 298 Mt JORC, outcropping reserve
and resource, vanadium in-magnetite
grades of 1.75% V2O5.
• Mokopane to become a primary
source of feedstock for Vanchem and
supply dry magnetic separated ore.

The Group is targeting a production >8,400 mtVp.a and a nameplate capacity of 10,000 mtVp.a. within the next 5 years

The Vertically Integrated Primary Vanadium Producer
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•

~540 Mt JORC Resource across 3 open cast
deposits

•

77 Mt JORC Reserve @ 2.02% V2O5

•

In magnetite grades of 1.58% -2.02% V2O5

•

Close proximity to logistics infrastructure

•

Low cost scaleable processing capacity

•

Vametco 2018 production 2,560 mtV - ˜3% of
global market, with plans to scale up to
4,200 mtV

•

Solid cash generation capacity – Vametco
EBITDA of US$107m (2018)

•

Recent conditional purchase of Vanchem
adds a plant currently producing ˜960
mtV/year set to grow to 4,200 mtV/year post
refurbishment capex (˜US$45m)

•

Total potential production capacity of >8,400
mtV within next 5 years

•

Diverse product range – V2O5, V2O3, FeV,
Nitrovan, vanadium chemicals, vanadium
electrolyte
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Bushveld Energy Overview

Energy storage solutions provider, exclusively focused on vanadium-based
energy storage systems
Bushveld Minerals’ ambition is to grow into one of the world’s most significant,
lowest cost and vertically integrated vanadium companies
This allows Bushveld to leverage its large low cost production base and be a
catalyst in the emerging energy storage industry

• Large high grade ore for primary
vanadium mining & processing

• High grade ore for primary
vanadium mining & processing

• Largest primary vanadium resource
base in the world

• Largest primary vanadium resource
base in the world

Source: Bushveld Minerals

• Electrolyte
manufacturing

• VRFB assembly &
manufacturing

• Initial 200MWh
electrolyte facility in
East London, SA

• Partnership or
investment with VRFB
firms and local partners

• Convert vanadium
feedstock from Vametco
and Vanchem

• Medium term focus,
once local market for
storage is established

• MW scale energy storage
project development &
Direct VRFB sales
• Deployment models
include PPAs, leasing
models
• 1st battery project with
Eskom installed
• Significant success to date
in creating the market,
especially in South Africa

Targeting initial 200MWh
of electrolyte p.a.

Targeting 1,000 MWh opportunities by 2020
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Bushveld Energy Structure

Business lines

Business activities

Progress to date

1. Vanadium chemicals

3. Battery deployment

Electrolyte production

VRFB production

Direct VRFB sales

Testing / laboratory / R&D

Strategic relationships with
VRFB OEMs

Project investment and
development

Sales & new business models

Post sales support1

Analytics2

• Joint effort with IDC
• Development of 200MWh electrolyte
facility in East London, SA
• Design of vanadium electrolyte rental
model
• Enabled the successful deployment of an
electrolyte rental product with Avalon
Battery in the USA

1. Includes installation and maintenance / warrantee provision
2. Includes energy and financial modelling of project economics and VRFB use cases
Source: Bushveld Minerals

2. VRFB manufacturing

• Operating model features partnership or
investment with international VRFB firms
and local partners
• Medium term focus on local assembly,
once local market for storage is more
mature

• 1st project with Eskom installed
• Significant success to date in creating the
market, especially in South Africa
• Own energy storage project pipeline in Africa
• Building one of the first commercially funded
solar PV + battery mini-grids at the Bushveld
Vametco mine
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Bushveld Energy’s Electrolyte Rental Model

• Pays interest on the credit facility
• Settles the outstanding loan at contract termination

Financial Institution

Advances a credit
facility to Intermediary
Delivers required
vanadium units to the
Intermediary

Intermediary
Special Purpose
Lease Co.

Successfully deployed an innovative vanadium
electrolyte rental product in industrial-scale
batteries developed and sold by Avalon Battery

• Converts vanadium into electrolyte
• Supplies vanadium under rental contract
• Recovers vanadium at contract expiration

VRFB customer
(Off-Taker)
• Pays nominal upfront deposit for electrolyte
• Pays annual rental fee for the electrolyte (covering interest payments and a price risk
premium)

Miner/Producer
Vametco
• Pays cash for the supplied vanadium units at market rates

Benefits of the product to VRFB customers or manufacturers include:
• Significantly lower and predictable CAPEX for the electrolyte components of the battery
• A manageable annual fee that is added to the battery’s maintenance costs

• Overall lower total cost of ownership / levelized cost for a VRFB than if an outright purchase
Source: Bushveld Minerals
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Bushveld Energy’s Electrolyte Rental Model
100% CAPEX
Electrolyte rental

Capital Outlay

Project IRR

Annual Operating Cost
20%

-27%

+100%

+39%
18%

16%

14%

12%

10%

8%

6%

4%

2%

0%

Under the VRFB electrolyte rental model, the customer trades off upfront capital costs for an increase in the annual operating costs (to cover the cost of the rental
payment)
• The tradeoff is a significant net gain for the end user, however, and reduces the impact of vanadium pricing in the project
• In future, as the model is proven and risk lowered, the upfront capital and/or the annual rent cost could be decreased further
Source: Bushveld Energy
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Market Metrics
BMN Share Price (21 June 2019)

25.00p

Basic Ordinary Shares

1,119,727,953

Market Capitalisation

£279,931,988

Bushveld Minerals Top Shareholders

# shares

1 Hargreaves Lansdown Asset Mgt

192,042,561

17.15

2 Halifax Share Dealing

112,066,528

10.01

3 Interactive Investor

108,646,640

9.70

4 Acacia Resources Limited

70,598,644

6.30

5 Yellow Dragon Holding Limited

67,832,778

6.06

# shares

% ownership

24,261,892

2.17

Bushveld Minerals Top Institutional Shareholders
1 Invesco Perpetual Asset Mgt

21,874,907

1.95

3 Oppenheimer Funds

6,000,000

0.54

4 Canaccord Genuity Wealth Mgt

5,860,587

0.52

5 Raymond James Investment Services

1,578,877

0.14

6 Standard Life Wealth

1,059,817

0.09

652,757

0.06

Bushveld Minerals Ownership
1 Bushveld Minerals Ltd Director & Related Holding(s)

# shares
31,731,892

Source: Bloomberg 21 June2019. Link Asset Services, as at 31 May 2019 ; Metal Bulletin, 21 June 2019.

AIM: BMN

300%

250%

% ownership

2 Jarvis Investment Mgt

7 FIL Investment International

L12M Share Price Performance (Indexed)

200%

150%

100%

50%

0%
Jun - 18
Bushveld Minerals

Aug - 18

Oct - 18

FTSE AIM All shares

Dec - 18

Feb - 19

FTSE AIM All shares - Basic Resources

Apr - 19

Jun - 19

Ferro-vanadium basis 78% min, US$/kg V

Bushveld Minerals Coverage
Overweight

Overweight

Overweight

Overweight

Overweight

Overweight

% ownership
2.83
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Bushveld Minerals Growth Plans and Upcoming Catalysts

• Execution of the transformation programme at Vametco to increase production
to 3,400 mtVp.a. and then to 4,200 mtVp.a.
• Mokopane secure Mining Right.
• Brits maiden mineral resource estimate to be published in Q2 2019.
• Complete the announced Vanchem acquisition.
• Achieve a production platform > 8,400 mtV with a name plate capacity of 10,000
mtVp.a. within the next 5 years.

•Grow the VRFB project pipeline across Africa.
•Working with the IDC to advance development of an electrolyte manufacturing
plant.
•Launch and expand deployment of vanadium electrolyte rental products.
•Design and implement a vanadium electrolyte rental product.

•Design and construction of a solar/VRFB mini-grid at Vametco.

Source: Bushveld Minerals
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Bushveld Minerals Investment Proposition

2

1

Largest primary vanadium
resource globally (540Mt)
High grade resource of
1.58-2,02% in-magnetite
1st quartile cost curve
position

Higher vanadium price
outlook than long-term
average due to sustained
structural deficit

5
Vertical integration with high quality,
low cost production base allows us to
be a key player in the multibilliondollar energy storage industry
through VRFBs

4

3
Brownfield infrastructure
creates scope for low capex and
quick scale-up of production
capacity

6

A diversified vanadium
product portfolio which can
serve both the steel industry
and the energy storage
market

8

Management team combines
decades of experience

Shareholder Returns
Commitment to delivering attractive
returns to shareholders
7

Concentrated global supply - South
Africa has the largest high-grade
primary vanadium resources

Bushveld Energy Vanadium Redox Flow Battery

Bushveld Minerals Corporate Video:

https://www.brrmedia.co.uk/broadcasts/5a5626af9ed50c2f9b04679c/bushveld-minerals-an-emerging-integrated-vanadium-producer
Vanadium 101 Webinar:
https://edge.media-server.com/m6/p/i2wo6bk9
Vanadium 101 Slides:
http://www.bushveldminerals.com/wp-content/uploads/2018/05/Bushveld-Minerals-Vanadium-101_Final.pdf
Energy Storage 101 Webinar:
http://webcasting.brrmedia.co.uk/broadcast/5bd2eae5b01efb6b20c2f9eb/5bd348eba21632633b00003d
Energy Storage 101 Slides:
http://www.bushveldminerals.com/wp-content/uploads/2018/11/Energy-Storage-Vanadium-Redox-Flow-Batteries-101.pdf

The Vertically Integrated Primary Vanadium Producer
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