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Bushveld Minerals is a multi-commodity mineral development company focused
primarily on the geological feature known as the Bushveld Complex, in South Africa.
The company has multiple assets across three subsidiaries. Bushveld Resources
developing vanadium, titanium, iron ore and phosphate; Greenhills Resources
developing tin and Lemur Resources developing thermal coal for an independent
power plant in Madagascar. Despite this wide diversification, the key strategic focus
for the company is now vanadium, a metal of which 91% of worldwide production is
used as an alloying additive for steel.
The rationale for focusing on vanadium is based on the company’s belief that the supply of
vanadium is becoming constrained which will force the price to rebound sharply. Although
growth in steel production remains weak, combined with constrained vanadium supply, the
company expects that the vanadium price will rise sharply once demand returns. There are
also two catalysts that could lead to a surge in vanadium demand. The first is an increase in
vanadium utilisation in China which currently uses just over half the vanadium in its steel
production as the US (0.05kgV/t vs 0.096kgV/t). Second, the potential growth in vanadium
redox batteries for grid storage could lead to a step change in global vanadium demand.
Bushveld Minerals recently created a subsidiary, Bushveld Energy, to focus on developing
and promoting the role of vanadium in the growing global energy-storage market. Earlier this
month, Bushveld Energy signed an MoU with US-based UniEnergy Technologies, a
manufacturer of energy-storage systems for utilities, regarding co-operation in Africa.
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Bushveld is positioning itself to benefit from this resurgence, having one of the largest and
highest grade deposits in the world at Mokopane. With a reserve of 28.5Mt at 1.41% V2O5 it
also has one of the lowest cost profiles of a primary vanadium producer with quoted costs of
US$3.28/lb V2O5 including overheads. The project also benefits from being located in an
existing vanadium producing district in the Bushveld area of South Africa which already
produces 24% of global vanadium, and its proposed open-pit mining and salt-roast
processing route is simple and established, with existing infrastructure and plants nearby.
Like most other vanadium projects around the world, Mokopane is not economic at the
current vanadium price (recent trading range US$2.85-3.15/lb in vanadium pentoxide form).
However, it offers significant upside when the vanadium price recovers towards its historical
norms. We therefore view Bushveld Minerals as an option on the vanadium price, and we
initiate coverage with a 7.4p target price and a SPECULATIVE BUY recommendation.
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Bushveld Minerals
Investment case
Bushveld Minerals is a multi-commodity mineral development company focused
primarily on the Bushveld Complex in South Africa. The company has multiple
assets across three subsidiaries. Bushveld Resources developing vanadium,
titanium, iron ore and phosphate; Greenhills Resources developing tin and Lemur
Resources developing thermal coal for an independent power plant in
Madagascar. Despite this wide diversification, the key strategic focus for the
company is now vanadium.

Bushveld has multiple assets across
three subsidiaries but the key strategic
focus for the company is now vanadium

Bushveld Minerals’ development platform

Source: Bushveld Minerals

Bushveld Minerals – an option on the vanadium price
There are two drivers which could
constrain vanadium supply. First, the
price has fallen below the average cost of
production, forcing many producers to
rationalise…

The rationale for focusing on vanadium is based on the company’s belief that the
supply of vanadium is becoming constrained which will force the price to rebound
sharply. There are two drivers which could constrain supply. First, the price of
vanadium (recent trading range US$2.85-3.15/lb in vanadium pentoxide form), has
fallen below the average cost of production, forcing many producers to rationalise
their production or shut down completely. Windimurra in Australia and Evraz
Highveld in South Africa are two recent high-profile casualties.

…second, as a by-product, the supply of
vanadium is linked to the iron-ore price.
The fall in the seaborne iron-ore price
over the past three years has meant that
production of iron ore from magnetites
appears to have peaked and even begun
to fall

Second, as over 64% of the global supply of vanadium is produced as a byproduct from processing vanadium-magnetites to produce iron ore, the supply is
linked to the iron-ore price. The fall in the seaborne iron-ore price over the past
three years (including a fall of over 46% in 2015) has meant that production of iron
ore from magnetites appears to have peaked and even begun to fall, especially in
China where output fell by 9% in the first 9 months of last year. The figures
indicate that some Chinese steel plants, particularly those in coastal areas, have
switched from domestic magnetites to higher-grade imported hematite iron ore
which has become competitively cheap.
Although growth in steel production remains weak, when combined with
constrained vanadium supply, the company expects that the vanadium price will
rise sharply once demand returns. Bushveld is positioning itself to benefit from this
resurgence, having one of the largest and highest-grade deposits in the world, a
simple processing methodology and a weak domestic currency. With the project
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Bushveld Minerals
planning to produce 9,525tpa of high-purity V2O5 flakes for over 30 years,
representing ~6% of global and ~50% of South African production (using 2014
figures), the recent prefeasibility study confirmed Mokopane as one of the best
vanadium projects in the world, providing investors the opportunity to gain a
significant share of the vanadium market and benefit from the expected
resurgence in the vanadium price.
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Bushveld Minerals
Why vanadium?
Vanadium is a common and widely dispersed element and can occur in a range of
geological settings: specific high-grade vanadium orebodies; as a minor
constituent in other ores, including iron and uranium; and in fossil fuels such as oil
sands. Although global vanadium resources exceed 63Mt, because vanadium is
typically recovered as a by-product or co-product, according to the USGS this does
not give a true picture of available supplies.
Uses
The principal use of vanadium (over 91%)
is in steel alloys because of its hardening
properties and resistance to corrosion

Vanadium is traded and used in various forms but most prevalent are V 2O5 for
chemical applications and FeV for alloy use. The principal use of vanadium (over
91%) is in steel alloys because of its hardening properties and resistance to
corrosion. The proportion of vanadium used in the steel determines the steel
grade, with high vanadium content resulting in high performance, or high-end steel.
Thus, the consumption of steel is the main driver of vanadium consumption and
prices.
Its anti-corrosive properties also make it ideal for use in industrial applications like
chemical and power generation plants as well as in oil refineries. When alloyed
with titanium and aluminium, small amounts of vanadium help form very strong,
lightweight engineering materials which are ideal for use in the aerospace and
aviation industries which account for 4% of consumption. The remaining
consumption is in the chemical industry where it is used as a catalyst in
manufacturing sulphuric acid, as an oxidizer in maleic anhydride production and
also in making ceramics.

One of the biggest potential markets for
vanadium is in the production of
vanadium redox batteries, which have
gained renewed interest as the continued
growth in renewable energy is dependent
on being able to store the energy until it is
actually needed

Although currently accounting for less than 1% of consumption, potentially one of
the biggest markets for vanadium is in the production of vanadium redox batteries.
Whilst not a new technology (vanadium redox batteries were first proposed in the
1930s and developed commercially from the 1980s onwards), they have gained
renewed interest as the continued growth in renewable energy is dependent on
being able to store the energy until it is actually needed. Vanadium redox batteries
could be the ideal solution as, in contrast with conventional batteries, they store
energy in the electrolyte solutions. This means that they are scalable, as the
storage capacity is determined by the quantity of electrolyte used and the power
rating determined by the active area of the cell stack.
Global production
Global vanadium production was 79.4kt in 2015, down 4% from 2014, with China
(54%) and South Africa (24%) still the top two producers despite cutting production
by 7% and 10% respectively since 2014. Russia (19%) remains the third largest
producer and is keeping production relatively constant. Australia was expected to
become a significant producer when the Windimurra project came back into
production, but its inability to raise funds to meet significant cost overruns during
construction followed by a fire at the beneficiation plant in 2014 mean the project is
currently on hold.
The vanadium market has always been volatile, directly tied to steel production
and in turn global GDP, with the steel industry not only the main consumer but also
a producer of V2O5 through co-production with iron ore. However, the market
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Bushveld Minerals
fundamentally changed in 2004 with the introduction of higher-strength grade-three
rebar in China, which increased the proportion of vanadium used. Combined with a
significant growth in Chinese GDP and steel use, this led to an explosive increase
in vanadium demand and correspondingly in the price. Overall, demand growth for
vanadium has been similar to, albeit slightly ahead of, that for crude steel
production. During 2005-13 crude steel production rose by ~3.8% pa whilst
vanadium consumption grew by 4.3%, reflecting the continued increase in
vanadium use in steel over this period. This growth was impressive, helped by the
sharp rebound in steel production and vanadium use after the 2008 financial crisis,
particularly boosted by growth in Brazil, Russia, India and China.

The vanadium market fundamentally
changed in 2004 with the introduction of
higher-strength grade-three rebar in
China, which increased the proportion of
vanadium used
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The recent outlook for steel production has been less optimistic, principally due to
the cooling of the Chinese economy. Although GDP in China was 6.9% last year,
this is actually the lowest since 1991. More worryingly, GDP growth has continued
to slow, falling to 6.8% in December, with the government targeting only an
average 6.5% in 2016.
This fall in GDP is reflected in a significant drop in domestic demand for crude
steel, which fell 4.6% to 705Mt last year. However, domestic steel production fell
by only 2.3% to 803.8Mt in response. This was largely due to the high exit costs for
shutting down production meaning producers were prepared to operate at a loss
for longer than might be expected.
Indeed, according to CRU, the notional EBITDA margins for Chinese steel
producers were negative for most of last year and fell sharply towards the end of
the year, reaching negative 20-25%. Desperate to generate some revenue,
producers increasing looked at international markets and crude steel exports from
China rose by 20% to 112Mt last year. This had a devastating impact on prices,
with European hot-rolled coil, a frequent benchmark for steel prices, falling 40%
last year (HRC at Port Talbot, UK, fell from £305/t to £225/t) and 75% below its
2007 peak.
With the China Iron & Steel Association predicting a further 5% drop in domestic
consumption, there is limited scope for further increases in exports, especially in
the face of increasing calls for governments to protect their own domestic
production. Despite the recent rally in prices, we expect further cuts in Chinese
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domestic production this year, although the process is likely to be prolonged,
rather than the short sharp shock needed to correct the market.
As mills either switch to cheaper
(vanadium-free) imported ore or reduce
production there is less low-cost
vanadium production coming to the
market

However, this may prove positive for vanadium prices over both the short and
longer term. First, the reducing steel production in China and lower iron ore prices
have begun to be reflected in lower domestic iron ore production. This is principally
lower-grade magnetite ore from which vanadium is produced as a co-product.
Whilst being the highest cost source of iron ore at ~US$125/t, the cost of which is
often absorbed by the captive steel plant, it is actually the lowest-cost vanadium
production. As mills either switch to cheaper (vanadium-free) imported ore (eg
Chengde Steel) or reduce production (eg Panzhihua Steel) there is less low-cost
vanadium production coming to the market.

Potential reduction in vanadium supply due to low iron ore price (co-product slag) and high cost of production of secondary

Source: Roskill (2015), TTP Squared and Bushveld Minerals

If Chinese steel had the same vanadium
content as US steel, at current
consumption this would equate to a
30ktpa increase in demand – a staggering
38% increase in vanadium demand
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Second, the lower quality of Chinese steel has made it harder for excess capacity
to be sold into the export markets, in particular in the US and Europe, and we are
beginning to see an increase in vanadium use to improve rebar quality and
strength. With increased availability of higher-strength rebar, we could see
domestic demand for this product making it easier to change legislation to reduce
the use of lower-quality steel as we saw in 2004. If this was the case and Chinese
steel had the same vanadium content as US steel, at current steel consumption
levels this would equate to an increase in demand by 30ktpa or a staggering 38%
increase in vanadium demand.
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Source: Bushveld Minerals, TTP Squared, World Steel Association

Although this is unlikely to happen overnight, we still expect vanadium demand to
grow ahead of steel demand at ~4% CAGR which would take global demand to
~96ktpa by 2020, an overall increase of 21%. New projects which are currently
being planned and developed have the potential to add 71ktpa but, given the
current macro environment and lack of funding, most are unlikely to come on
stream.
Bushveld has the advantage of having one of the highest-grade vanadium projects
at Mokopane and correspondingly would be one of the lowest-cost primary
producers. Bushveld also has the potential to become vertically integrated into the
developing vanadium battery market, which has the potential to revolutionise
demand for vanadium.
Energy storage – the weak link in the renewable energy chain
We have seen explosive growth in the renewable energy sector and, in particular,
in wind and solar energy generation over the past ten years. However, the key
bottleneck in its continued growth is the challenges and high costs associated with
storing surplus energy that is generated outside the peak demand period until it is
required.
Bushveld believes VRFB technology
could capture 15-25% of the grid-power
storage market

Substantial funding and research is being focused on energy storage for what
CitiGroup and the Boston Consulting Group believe could be a US$300-400bn pa
market by 2030, with the European Commission forecasting there will be 400GW
of installed capacity at this time. Bushveld believes VRFB technology, which would
be used for grid power storage, could capture 15-25% of this market.
The vanadium redox flow battery (VRFB) advantage
Unlike prominent solid state batteries, such as lead-acid and lithium-ion, flow
batteries use a liquid electrolyte to store energy and, unlike conventional batteries,
the electrolytes are stored in separate storage tanks, not in the power cell of the
battery. Flow batteries work by being charged and discharged by a reversible
reduction-oxidation reaction between the two liquid vanadium electrolytes of the
battery. During operation these electrolytes are pumped through a stack of power
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cells, in which an electrochemical reaction takes place and electricity is produced.
This allows for near unlimited recharging (or cycling) and negligible performance
deterioration over long periods of time. Whilst the installed capacity needs more
space and the use of a liquid electrolyte makes it unsuitable for consumer
electronics it is ideal for large-scale grid power.
Whilst the technology is still being developed, installation prices have been falling
from around US$2,000/kWh to US$500/kWh for larger systems. With more
research, in particular in the commercial development of larger systems of 200250kW size, we should see further reductions in the cost per kWh.
This has the potential to increase demand for vanadium significantly, especially for
the electrolytes required. These are significantly higher value than vanadium
flakes, and currently trade in North America in the range U$12-25/lb V2O5
equivalent, compared with US$3.5/lb for flakes. With vanadium currently
contributing ~30% of the cost of a new VRFB system, if the projections are correct
(15-25% of a US$300-400bn market) this could represent a US$13.5-30bn new
market for vanadium by 2030.
Overview of vanadium redox battery

Source: Pacific Northwest National Laboratory (www.pnl.gov)
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Why Bushveld?
The February 2016 prefeasibility study
envisages production of ~9,525tpa of
vanadium pentoxide (V2O5) flakes over at
least a 30-year mine life

Following a positive scoping study in 2014, Bushveld Minerals carried out a
prefeasibility study of its 64%-owned Mokopane vanadium project which it
released to market in February this year. We discuss the details of the study in the
appendices of this report, but the study was based on a 28.5Mt reserve at 1.41%
V2O5 to develop an open pit, concentrator and salt-roast plant at the site to
produce ~9,525tpa of vanadium pentoxide (V2O5) flakes over at least a 30-year
mine life.
Assuming contract mining, the total capex is US$298.1m, with estimated
operating costs of US$3.28/lb. Based on a long term V2O5 (98% purity) price of
US$7.5/lb and a rand/US$ exchange rate of R12.75, this gave a NPV9% of
US$259.4m post-tax and real post-tax IRR of 20.4% on a 100% basis
The results of the PFS confirmed the view of the company’s management that
Bushveld Minerals is the best placed of all the primary vanadium developers to
benefit from a resurgence in the vanadium price. This is based on the location and
quality of its primary asset, the Mokopane vanadium project.


The Mokopane Vanadium project is one of the highest-grade vanadium
projects. With a reserve of 28.5Mt at 1.41% V2O5, higher than Largo
Resources’ Maracás vanadium project which has a reserve of 13.1Mt at
1.34%.

Bushveld Minerals’ Mokopane is one of the highest-grade vanadium projects in the world

Source: Bushveld Minerals
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It is one of the largest vanadium projects in the world, with a total
resource of 284.8Mt at 0.68% V2O5.



Due to its high grade it has one of the lowest cost profiles of a primary
vanadium producer with quoted costs of US$3.28/lb V2O5, including
overheads, at a rand:US$ exchange rate of R12.75.



As the project is located in South Africa it benefits from the weakness in
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the South African rand. The PFS used an exchange rate of R12.75/US$
– the current exchange rate is around R15.
Proportion of supply and average cost of production for different sources of vanadium

US$6.0/lb

Co-Production
US$4.5/lb
A

Primary
US$3.0/lb

Secondary

Source: Bushveld Minerals, AMG, Roskill (2014)
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The project is located in an existing vanadium producing district.
Mokopane is located in the Bushveld area of South Africa which already
produces 24% of global vanadium supply. There is an existing skills
base and understanding of vanadium production in the immediate area.



The proposed open-pit mining and salt-roast processing route are
simple and well understood, with existing infrastructure nearby.



In January, Bushveld announced the launch of 84%-owned Bushveld
Energy a new business focused on developing and promoting the role
of vanadium in the growing global energy-storage market through its
application in vanadium redox flow batteries (VRFB). Whilst the
company proposes to install several VRFB systems during the current
year, the real focus is to build awareness of VRFB and, in the medium
term, establish local assembly and manufacturing capacity, creating a
market for Bushveld-produced vanadium in the form of electrolyte.



Earlier this month, Bushveld Energy signed an MoU with US-based
UniEnergy Technologies, a manufacturer of energy-storage systems for
utilities, regarding co-operation in Africa, and South Africa in particular
as the industrial base.



Bushveld is currently not in production. Although possibly counterintuitive, it is actually beneficial that Bushveld is not currently in
production as, with the possible exception of a few co-producers, no
producer appears to be profitable in the current market. Indeed Largo
Resources, which entered production at Maracás last year, has had to
raise US$26.5m and restructure its existing credit facilities to provide
sufficient working capital for it to continue as a viable concern, despite
reducing its costs to US$3.15/lb by the end of last year and expecting to
reduce them further to US$3.06/lb by the end of this year.
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Water and power supply are not considered issues
Other than the current vanadium price, which has impacted all vanadium projects,
the other perceived weaknesses in the Mokopane project are power and water
supply. This is a potential issue with investors, especially since Evraz Highveld,
which accounted for 7% of global vanadium feedstock, filed for business rescue in
April 2015 after suffering from ongoing power-supply interruptions as well as rising
energy costs which affected its ferrovanadium (FeV) production costs.
The 765kV Matimba-Witkop power line
passes 10km north of the property

However, available power is not considered a constraint for Mokopane as the
765kV Matimba-Witkop power line passes 10km north of the property, and the
project is 150km from the new Medupi power station and only 15km from a
proposed Eskom 110kV transmission line and substation. Back-up power will be
available from a minimum 5MVA permanent on-site diesel generator which will
reduce the risks associated with any potential load shedding.
In addition, the project is located in close proximity to the Waterberg coalfields
where IPP projects are being built, in addition to Eskom’s existing 3,990MW
Matimba power station, and will also potentially benefit from the progressive
commissioning of both the 4,800MW (9,600MW total) Medupi and Kusile power
stations over the next five years. Transmission capex should be kept to a
minimum as there is extensive existing transmission infrastructure within a 20km
radius of the project: including the Matimba-Witkop dual 400kV lines, the WitkopPPRust 132kV line and the PPRust 132kV sub-station.

Existing and proposed power available to the project

Source: Bushveld Minerals

It is anticipated that raw water will be provided to site via a new pipeline currently
being constructed from the Flag Boshielo Dam (Olifants River) as part of Phase 2
of the Olifants River Water Resources Development Project (ORWRDP) to pump
~140Ml/d of water to the town of Mokopane by 2020. Bushveld is liaising with the
relevant authorities (Trans-Caledon Tunnel Authority (TCTA)) to register its water
requirements. Prior to 2020, during the project development and commissioning
phase, Bushveld anticipates that existing, identified ground-water sources in the
project area will provide the needed water.
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Analysis and valuation
Given Bushveld Minerals’ focus is now firmly on vanadium, we have valued the
company based on its primary vanadium asset, the Mokopane vanadium project.
The basis of our valuation is the recent PFS, which we stress-tested to find which
were the key variables we should look at in more detail and, where appropriate,
use our own assumptions. The spider diagram below shows the four key variables:
vanadium pricing, exchange rates, operating costs and capex.
Sensitivity analysis of key variables for Mokopane PFS
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Operating costs
According to our sensitivity analysis,
changes in operating costs have the
biggest impact on the valuation

We have used Bushveld’s underlying cost estimates in our base-case valuation.
According to our sensitivity analysis, changes in operating costs have the biggest
impact on the valuation. The PFS estimated average life-of-mine cash costs
including overheads and logistics at US$3.28/lb, which compares with our own
estimate of US$3.34/lb (both at an exchange rate of R12.75/US$). However, when
we include all capex, including sustaining capex, we estimate that the project will
need a break-even vanadium price of US$4.53/lb.
As noted, operating costs do have a significant impact on our valuation. Both the
operating costs and capex estimates are specified as being to a PFS-level of
accuracy of ±25%. Flexing them by this amount changed our base-case NPV8% of
US$236.5m to between -US$10.6m and US$483.6m (post-tax), with
corresponding break-even vanadium prices of US$6.84/lb to US$4.44/lb.
Capital costs
Although changes in capex do impact the overall valuation, they do so to a far
lesser degree than the other key variables. Again, the capex and operating costs
estimates are to an accuracy of ±25%, and we have used the same estimates in
our valuation.
Where changes in capex do have an impact is in the financing of the project and,
in particular, the levels of debt and debt service required. However, at this stage,
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as there is no indication of how the project finance would be structured, especially
with respect to the 36% minority owners of Mokopane, we value the project on a
100% equity basis.
Pricing assumptions
The PFS assumed a price of US$7.50/lb for V2O5 flakes at >98% purity from the
anticipated start of production in 2019. This assumption was based on the
prevailing ten-year historical average price of US$7.63/lb. (June 2005 to May
2015), and was ~17 % higher than the 15-year historical average of US$6.39/lb
(June 2000 to May 2015).

The PFS assumed a price of US$7.50/lb
for V2O5 flakes (at >98% purity), based on
the prevailing ten-year historical average
price of US$7.63/lb (June 2005 to May
2015)

Since then, vanadium prices have weakened further, reducing the current ten-year
historical average to US$6.7/lb (median US$6.3/lb) and the 15-year average to
US$6.7/lb (median US$6.1/lb).
During this historical pricing period there were two significant events that triggered
spikes in the vanadium price. The first, in 2004, arose with the introduction of
higher-strength grade-three rebar in China, which increased the proportion of
vanadium used in bars in reinforced concrete. Combined with a significant growth
in Chinese GDP and steel use, this led to an explosive increase in vanadium
demand, which caused a shortage of vanadium supply and the price rose in
response.
The second occurred in 2008 after a series of 4.1 to 7.9 earthquakes hit China
causing widespread structural damage. This prompted the government to require
construction projects again to use higher-strength rebar, causing a supply shortage
and a price rise.
If these two events had not occurred the average price over the past ten years
would have been around US$5.9/lb (median US$6.1/lb).
Vanadium price since 2000 and impact of events in China
25

US$/lb

20

Grade 3 Rebar
Introduced into
China

15

Series of 3.9-7.9
magnitude earthquakes
cause widespread
structural damage

10
5

01/16

03/15

05/14

07/13

09/12

11/11

01/11

03/10

05/09

07/08

09/07

11/06

01/06

03/05

05/04

07/03

09/02

11/01

01/01

03/00

0

Source: Mirabaud estimates, Bloomberg

When determining the long-term price to use, we have to take a view on whether
such price spikes will occur in the future. As both price spikes were in response to
changes in Chinese government policy, we expect price volatility to continue with
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significant increases in demand as Chinese policies will require better quality rebar
reinforcement and Chinese producers seek to meet Western quality standards (ie
0.05kgV/t in China vs 0.96kgV/t in the US) to be able to sell excess steel
production into export markets.
We therefore use the current ten-year rolling average price of US$6.7/lb for our
base case, rather than the US$7.5/lb used in the PFS. However, this assumption
does not take into account any future increase in demand from the energy-storage
market. As this market is still in the early stages of development and commercial
application, we believe this assumption is appropriate, but we acknowledge that
this end-use could have a significant positive impact on vanadium prices in future.

We use the current ten-year rolling
average price of US$6.7/lb for our base
case. However, this assumption does not
take into account any future increase in
demand from the energy-storage market

Exchange rate assumptions
As revenue is in US dollars, changes in exchange rate have the biggest impact on
operating costs. The PFS assumed a long-term rand/US$ exchange rate of
R12.75, which is ~18% stronger than the current rate of around R15. At the current
exchange rate, our average life-of-mine cost estimate falls from US$3.34/lb to
US$3.05/lb and the post-tax NPV8% increases to US$390.4m.
South African rand: US dollar exchange rate
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Source: Mirabaud estimates, Bloomberg

However, we do not believe the current rand/US$ exchange rate will be sustained
over the long term if, as our long-term vanadium-price assumption implies, prices
for the industrial commodities South Africa exports return to their historical norms.
That said, we do not believe the rand will return completely to its historical norms
(the ten-year average is R8.8/US$) owing to the effects of local inflation over the
years, and we believe the rate used in the PFS represents a reasonable
assumption for the rand/US$ over the longer term.
Discount rate
The PFS used a real discount rate of 9%. This was based on a calculated South
African weighted average cost of capital (WACC) of 7.9% plus 1% for the project
being at the PFS stage and based on a 50% debt-to-equity ratio. At Mirabaud we
use a flat 8% real discount rate as our base case when valuing projects, but also
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provide a range of valuations at different discount rates for comparison.
Valuation
Based on the above assumptions, we value Mokopane on a 100% basis at
US$236.5m using a US$6.7/lb vanadium price and an 8% real discount rate. The
chart and table below show the variation in valuation at different vanadium prices
and discount rates.
Impact of vanadium price and discount rate on valuation of Mokopane
800.0
600.0

NPV (US$m)

400.0
200.0
0.0
-200.0
-400.0

-600.0
5.0%
Vanadium (US$/lb)

PFS
Ten-year average (base case)
Adjusted ten-year average
Spot

7.5%
7.5

10.0%
Discount rate
6.7

Vanadium price
US$/lb
7.5
6.7
5.9
3.0

5.9

12.5%

15.0%

3

5.0%
577.1
435.4
264.2
-521.3

7.5%
364.3
262.3
138.4
-423.7

Discount rate
10.0%
229.8
153.4
59.9
-358.6

12.5%
141.4
82.2
9.4
-312.8

15.0%
81.5
34.2
-24.0
-279.0

Source: Mirabaud Estimates

Target price and recommendation
We value Bushveld Minerals, principally
on a discounted cash-flow analysis of the
Mokopane vanadium project

We value Bushveld Minerals, principally on a discounted cash-flow analysis of the
Mokopane vanadium project, but we have also given value to its other assets
where appropriate.
Like most other vanadium projects, Mokopane is not economic at the current
vanadium price. However, it offers significant upside when the vanadium price
returns towards its historical norms. We normally value projects at the PFS stage
at a discount to the implied NPV, however, given the current vanadium price, we
view Mokopane as an option on that price and so have valued it at a deep discount
(70%) to the implied NPV.
For the company’s other assets we value the recently acquired Brits vanadium
project at cost as it does not yet have any resource. We have not given any value
to the Imaloto coal project, which Bushveld acquired as part of the Lemur
acquisition last year, as the transaction was made at less than the cash value of
the company. Imaloto was originally envisaged as an export thermal-coal project
but is now being looked at as the feed for an as-yet-to-be-defined independent
power plant (IPP). For the Greenhills tin project, a scoping study was carried out in
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2014 which gave the project an NPV10% of US$10m. We have used this as the
basis for our valuation of this component but, as the scoping study assumed a tin
price of US$22,928/t compared with the current US$16,775/t, we view this as an
option on the tin price and have applied a 90% discount given the early stage of
the project.
Adding net cash of £2.98m, this gives us a valuation for Bushveld Minerals of
£35.7m at current exchange rates. There are currently 486.34m shares in issue, or
485.67m after deducting treasury shares. We use the latter figure in our per-share
valuation of 7.4p per share.
As this is 231% higher than the current 2.225p share price, and we initiate
coverage of Bushveld Minerals with a SPECULATIVE BUY recommendation.
Sum-of-parts valuation for Bushveld Minerals
Valuation
US$m

Attributable
share

Valuation
£m

Risk
discount

Valuation
£m

Per share
(p)

Mokopane (NPV8% )
Brits vanadium (@ cost)
Lemur Resources
Greenhills (NPV10%)
Net cash/(debt)

236.5
0.6
10.0
4.2

64%
100%
64%
100%

106.3
0.4
4.5
3.0

70%
90%
-

31.9
0.4
0.4
3.0

6.6
0.1
0.1
0.6

Total

251.3

114.2

35.7

Source: Mirabaud Securities

7.4
£1.00 = US$1.42

Bushveld Minerals key shareholders
Shareholder

shares

% fully paid shares

Acacia Resources Limited

99,340,000

20.43

Halifax Share Dealing

43,407,139

8.93

Hargreaves Lansdown Asset Management

42,369,635

8.71

Nicholas John Mallett

38,500,000

7.92

TD Direct Investing

25,936,214

5.33

Barclays Wealth Management (UK)

25,760,551

5.30

Riverridge Limited

25,000,000

5.14

Splendid Victory Group Limited

20,700,000

4.26

Msuna Mabu Company Limited

16,100,000

3.31

Jarvis Investment Management

14,512,830

2.98

Source: Bushveld Minerals
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Appendix A: Directors and Management
Ian Watson – Non-executive chairman
Ian Watson, Pr Eng, is the non-executive chairman of Bushveld Minerals. He is a
qualified mining engineer with over 45 years' experience of the mining industry,
which started with Goldfields South Africa.
Mr Watson served as mine manager of Northam Platinum Limited in 1986 where
he led the start-up of the Northam Platinum mine, including underground mine
design, pioneering the use of hydropower, installation of metallurgical plants and
ultimately bringing the mine into production in 1992.
Fortune Mojapelo – chief executive officer
Fortune Mojapelo is a mining entrepreneur with a track record in resource
exploration and development. He is a co-founder and director of VM Investment
(Pty) Ltd, a principal investments and advisory company focusing on developing
mining projects in Africa.
Mr Mojapelo has played a leading role in the origination, establishment and project
development of several junior mining companies in Africa, including New Kush
Exploration and Mining (gold in South Sudan), Greenhills Resources (tin),
Bushveld Resources (vanadium-iron ore), New Horizon Minerals (iron ore),
Bushveld Platinum Limited (PGM) and Eagle Resources Limited (uranium)
His corporate career started at McKinsey & Co where, as a strategy consultant, he
worked on advising clients in several industries on corporate strategy and
organisational development. He holds a BSc (Actuarial Science) degree from
University of Cape Town.
Anthony Viljoen – non-executive director
Mr Viljoen is a mining entrepreneur and founding shareholder and director of VM
Investment Company (Pty) Ltd, a principal investments and advisory company with
a bias towards mining exploration. He is currently the CEO of Bushveld Minerals
subsidiary and ASX-listed Lemur Resources, and is also a non-executive director
of Bushveld Minerals as well as MRT Group (Pty) Ltd. Mr Viljoen has been
responsible for the establishment and project development of a number of junior
mining companies across Africa, including New Kush Exploration and Mining (gold,
South Sudan), Coal of Madagascar, Greenhills Resources (tin) and Eagle
Resources (uranium).
Geoff Sproule - finance director
Mr Sproule is a chartered accountant with more than 40 years’ experience in
various financial management roles. He is a former partner of auditing firm Deloitte
and Touche, South Africa. His directorships include the property-related J H Issacs
group of companies.
Jeremy Friedlander – non-executive director
Mr Friedlander has a BA LLB from the University of Cape Town and practised as
an attorney after completing his articles. He joined Old Mutual as a legal advisor
and in 1993 established McCreedy Friedlander, which became one of the premier
property consultancies in South Africa and negotiated an association with Savills.
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Appendix B : Mokopane vanadium project
The Mokopane vanadium project (64% Bushveld Minerals)
The Mokopane project is located in the central portion of the Northern Lobe of the
Bushveld Complex, approximately 45km NNW of the town of Mokopane, and
approximately 260km NNE of Johannesburg. Bushveld propose to develop an
open pit, concentrator and salt roast plant at the site to produce ~9,525tpa of
vanadium pentoxide (V2O5) flakes.
Location of Mokopane vanadium project area

Source: Bushveld Minerals

Prefeasibility study
Bushveld carried out a scoping study of the Mokopane vanadium project in 2014
which examined two potential routes to production. The first used the salt roast
process to produce a primary vanadium product, similar to the process employed
by Glencore Rhovan and the Evraz Vametco operations in South Africa. The
second looked at producing pig iron and a vanadium bearing slag and FeV
product, similar to the process employed at the Evraz Highveld Steel & Vanadium
plant in South Africa.
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The scoping study identified the salt-roast process as the preferred route owing to
its lower capex, quicker route to production whilst still retaining the option of further
processing of the iron–rich calcine to produce pig iron at a later stage. The study,
released in July 2014 and based on a 1Mtpa run-of-mine (RoM) production profile
to produce 10,370tpa of V2O5 flakes, generated a pre-tax NPV of US$561.9m and
post-tax NPV of US$263.6m at a 10% discount rate assuming a price of
US$7.50/lb (US$16.53/kg) for >98% purity V2O5 flakes.
Bushveld followed this up by conducting a prefeasibility study using the salt-roast
process to treat 1Mtpa of RoM to produce 9,525tpa of 99.5%-purity vanadium
pentoxide flakes. This generated a pre-tax NPV of US$418.0m at a 9% discount
rate and an IRR of 24.8%.
Bushveld proposes to develop an open-pit mine, concentrator and salt-roast plant
at the site to produce ~ 9,525tpa of vanadium pentoxide (V2O5) flakes.
Summary of PFS assumptions
RoM
Beneficiation –
concentrate plant
RoM ore
(ktpa)

Fe
(%)

V2O5
(%)

1,000

42

1.41

Mass
yield
(%)
67.26

V2O5
recovery
(%)
83.50

Beneficiated product –
concentrate
Treatment
Plant feed
(kt)
672.33

Conc
grade
V2O5 (%)
1.75

Salt-roast plant
V2O5
recovery
(%)
80.52

V2O5
produced
(ktpa)
9.53

Source: Bushveld Minerals, MSA

Licences and ownership structure
The prospecting right (LP 95 PR) for the project is held by Pamish Investments No
39 (Pty) Ltd in which Bushveld’s wholly-owned subsidiary, Bushveld Resources,
has a 64% interest. Although the original prospecting right expired on 15 March
2015, Pamish submitted a mining right application on 13 March 2015 and the
prospecting right remains valid until a decision is made on the mining right.
The prospecting right includes iron ore, vanadium, titanium and other minerals,
including phosphate, and covers an area of 10,072,795ha including the following
farm portions: RE of Vogelstruisfontein 765LR, RE of Vliegekraal 783LR, RE of
Vriesland 781LR, RE of Schoonoord 786LR, RE and Portions 1, 2, 3, 4, 5 and 6 of
Bellevue 808LR.
Geology
The Mokopane project occurs within the Bushveld Complex, the world’s largest
layered igneous complex. The Bushveld Complex formed approximately 2,055
million years ago and is known for the remarkable geological and geochemical
continuity of its magmatic igneous stratigraphy.
It can be separated into three main arcuate areas, referred to as the Eastern,
Western and Northern Lobes. The complex consists of a series of interconnected
intrusive complexes comprising an ultramafic-mafic succession of layered rocks
known as the Rustenburg Layered Suite, quasi-contemporaneous granites of the
Lebowa Granite Suite and felsic extrusives of the Rooiberg Group.
The Rustenburg Layered Suite (RLS) is the world’s largest and economically most
important layered complex and is known for the remarkable geological and
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geochemical continuity of its magmatic stratigraphy. It can be stratigraphically
divided into five main units; the Marginal Zone, Lower Zone, Critical Zone, Main
Zone and Upper Zone. In common with other layered intrusions, such as the Great
Dyke in Zimbabwe (Wilson, 1997), Molopo Farms Complex in Botswana
(Reichhardt, 1994) and the Stillwater Complex in the US (Irvine et al, 1983), the
intrusive ultramafic-to-mafic magma has undergone a differentiation process which
has resulted in the formation of magnesium-, chromium-, nickel- and precious
metal-rich units in the lower portion of the RLS, with iron-, titanium-, vanadium- and
phosphorus-rich layers in the upper portion.
The Mokopane project itself is situated within the Northern Limb of the Bushveld
Complex and covers the upper portion of the Main Zone (MZ) and the entire Upper
Zone (UZ) of the RLS. The Upper Zone is approximately 1,250m thick, dips gently
(15-25°) to the west and is characterised by the presence of vanadiferous titanomagnetite (VTM) layers hosted predominantly by VTM-enriched gabbro,
gabbronorite, leuconorite, anorthosite and olivine diorite. The VTM layers include
disseminated, semi-massive and massive VTM intervals of variable thicknesses
and variable proportions of oxide (Ti-magnetite) and silicate minerals (feldspar,
pyroxene and olivine).
Since 2010, Bushveld Minerals has focused on the Upper Zone. Initially, when
Bushveld was exploring the project as a potential iron ore (magnetite) mine, the
focus was on the stratigraphically higher semi-massive to massive Ti-magnetite PQ layers which, with their enclosing gabbroic host rocks (these can contain
considerable quantities of disseminated VTM), have been collectively termed the
P-Q Zone.
However, since 2013 the focus has been on the vanadium potential and so the
focus has been on the Main Magnetite Layer (MML). The MML has been mined at
the Mapochs VTM mine in the Eastern Bushveld Lobe since the 1960s, and
Mapochs is currently owned by Evraz Highveld Steel & Vanadium Ltd. The MML
consists of an upper VTM-rich interval which is separated from the lower VTM-rich
interval by a low-VTM-grade parting.
The Mokopane project is based on the three mineralised layers associated with the
MML. The MML mineralised zone occurs near the base of the UZ and consists of
an upper VTM-rich interval (MAG3) which is separated from a lower VTM-rich
interval (MAG4) by a VTM-poorer leucogabbronorite “parting”. The MML was
intersected during Bushveld’s 2010-13 exploration programme in 13 vertical
drillholes, and has an average true thickness of 9.8m, including the VTM-poor
parting, and dips from 18-24° to the west. The MAG3 interval ranges between
2.59m and 7.65m and averages 4.09m in true thickness. MAG4 ranges between
2.48m and 6.30m and averages 3.59m in true thickness. The parting ranges from
0.93m to 4.06m and averages 2.16m in true thickness.
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Geology of the Bushveld Complex showing the project area in the Northern Lobe

Source: Bushveld Minerals

Resources/reserves and mine plan
Resource
Prior to November 2013, the focus was on the iron content and so the resources
were estimated using a 40% Fe2O3 cut-off grade. With the focus now on the
vanadium, a 0.3% V2O5 cut-off (and a 120m pit limit) has been applied to the
resource estimate, and in 2014 MSA estimated the current resource for the MML
and the hanging wall. Whereas the MML has been intersected by 17 drillholes and
has been classified as indicated, the hanging wall has had fewer intersections and
at this stage is classified only as inferred, both under the JORC (2012) code.
Mokopane current resource (JORC 2012)
Category
Inferred
Indicated
Total

Tonnes
(Mt)

Density
(t/m3)

V2O5
(%)

Fe (%)

Fe2O3
(%)

TiO2
(%)

SiO2
(%)

Al2O3
(%)

P 2 O5
(%)

S (%)

V2O5 (kt)

Fe (Mt)

221.5

3.21

0.50

19.8

28.3

4.4

35.7

18.9

0.01

0.08

1,100.8

43.8

63.2

3.85

1.32

40.4

57.8

8.6

15.4

10.2

0.01

0.18

833.7

25.6

284.8

3.33

0.68

24.4

34.8

5.4

31.2

17.0

0.01

0.10

1,934.5

69.4

Source: Bushveld Minerals

As stated above, the MML comprises two VT-rich intervals separated by a 2.16m
thick VTM-poor parting, which has reduced the average grade. Separately the
MAG3 layer contains 27.5Mt at 1.5% V2O5 and the MAG4 layer 24.3Mt at 1.46%
V2O5. In 2015 a separate resource estimate was undertaken on the AB Zone,
approximately 100m below the MML, which resulted in an inferred resource of
12.5Mt at 0.7% V2O5. However, this was not included in the PFS.
A further 31 holes were drilled in 2014 of which 22 targeted the MML and MML
HW, however these had not been sampled at the time of the resource was
reported.
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Reserves and mine plan
These resources were used by WorleyParsons (RSA) as the basis for calculating a
probable ore reserve under the JORC (2012) code of 28.5Mt at a grade of 1.41%
V2O5.
Mokopane current reserve (JORC- 2012)
Orebody
MML Upper (MAG3)
MML Lower (MAG4)
Total/average

True thickness (m)
4.09
3.59
7.68

SG (t/m³)
4.08
4.00
4.04

V₂O₅ (%)
1.425
1.387
1.41

Tonnage (Mt)
15.34
13.15
28.5

Source: Bushveld Minerals

The ore reserve was estimated based on developing two open pits either side of
the provincial road. The two pits would extend along strike to the north and south
respectively and, once the MML is intersected, would have a width of 30m and
follow the dip of the MML at about 18o to a maximum depth of 80m. The design
assumes 5% mining dilution and 5% loss during stockpiling. As the hangingwall
above the MML contains low grade mineralisation and will have to be excavated to
reach the MML, it will be stockpiled for possible future treatment.

Schematic showing planned open pit relative to position of main mineralised horizons

Source: Bushveld Minerals

In the PFS it is assumed that the orebody would be mined by a specialist mining
contractor. The contractor would work three eight-hour shifts per day over a fiveday working week excavating a total of 952ktpa over a 30-year mine life.
Processing
Selecting the correct route to process the ore is critical to the success of the
project. Following the results of the scoping study, the salt-roast process became
the preferred processing method. As well as being the industry standard route for
producing vanadium from titano-magnetite ores from the Bushveld Complex, it also
has significantly lower capex and better overall economics compared with other
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methods, as well as a relatively short timeline to production while retaining options
for further processing of the iron–rich calcine to produce pig iron at a later stage.
The salt-roast plant will be held in a separate entity, SaltCo (Pty) Ltd.
Mineralised vanadium-rich run of mine ore from the open pits will be first sent to
the concentrator circuit. The RoM proceeds through three stages of crushing
before being milled to the required particle size. A magnetic separation process is
used to separate the vanadium-containing magnetic fraction from the nonmagnetic waste material, thereby producing a more concentrated, higher-metalvalue material called concentrate. The waste material slurry is pumped to a tailings
facility while the concentrate is filtered, stockpiled and then transferred to the saltroast plant for further processing.
The salt-roast plant receives concentrate from the concentrator circuit and
produces V2O5 flake (99.5% purity) as the final product via the alkali salt-roast
process. The process involves roasting of the concentrate with alkali (sodium) salt,
leaching of the resultant material with water, desilication, ammonium
metavanadate (AMV) precipitation and de-ammoniation to produce the final V2O5
product.

Source: Bushveld Minerals

Concentration
Three-stage crushing and milling to reduce 80% of material to <53µm followed by
a three-stage low-intensity magnetic separation circuit to produce a concentrate
product.
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Salt roasting
The concentrate is then roasted with sodium carbonate and sodium sulphate in a
rotary kiln at up to 1,150 ˚C to form water-soluble vanadates. The solids exiting the
rotary kiln are discharged directly into a rotary cooler that cools the solids to 350˚C.
Leach milling & purification
The cooled agglomerated calcine if reground to improve leaching. This acts as the
first stage of the leaching process. Slurry from the mill is pumped to thickeners for
desilication and concentration of the vanadium-bearing leach liquor with the
thickened tailings sent to the tailings pond for disposal.
AMV precipitation
Vanadium is then precipitated in the form of ammonium metavanadate (AMV)
through the addition of ammonium sulphate (AMSUL) to the vanadium-bearing
leach liquor.
De-ammoniation and fusion
The AMV filter cake is then dried in a diesel-fired flash dryer and calcined in a
diesel-fired AMV calciner to produce V2O5. The calcined V2O5 powder is then
charged into a fusion furnace to form molten V2O5.
Flaking
The molten V2O5 is continuously tapped and flows onto water-cooled flaking
wheels forming a thin layer of V2O5, which solidifies and is then scraped off as the
final product of V2O5 flakes.
Financial modelling
MSA carried out the financial modelling of the project, based on the assumption
that construction would commence in March 2017, with mining operations to
commence a year later and the salt roast plant in March 2019. The ramp-up in
throughput would be 69% of capacity in year one before reaching near nameplate
1,000ktpa the following year producing 673ktpa of vanadium-containing magnetite
concentrate. This, in turn, will be fed into the salt-roast plant to produce 9.53ktpa of
vanadium pentoxide (V2O5) flakes (98% contained V2O5).
Capex costs
MSA calculated the estimated capex on the assumption that the mining operations
would be carried out by a contractor which would provide its own fleet and
equipment. This reduced the total capex for the project to US$298.1m (assuming a
long term rand/US$ exchange rate of R12.75. At current spot exchange rates of
around R15 this would be ~US$360m. As these capex items have not been fully
tendered, they are presented with an accuracy of ±20%.
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MSA capex estimates for Mokopane (US$m)
FY2016

FY2017

FY2018

FY2019

FY2020

FY2021

Total

1.74

5.99

-

-

-

-

7.73

Mining

-

-

3.67

-

-

-

3.67

Beneficiation & owner’s costs

-

-

125.87

95.37

0.9

-

222.14

On-site infrastructure

-

-

20.45

-1.51

-0.01

8.69

27.61

Bulk services

-

-

2.85

1.03

0.01

-

3.89

Corporate

-

-

0.66

-

-

-

0.66

Environmental

-

-

0.53

0.06

-

-

0.6

Studies

Waste & rock dumps
Total establishment capex

-

-

23.86

7.88

0.07

-

31.81

1.74

5.99

177.89

102.83

0.97

8.69

298.11

Capital intensity - US$/t V2O5

31,284

Capital intensity - US$/kg V2O5

31.28

Capital intensity - US$/lb V2O5

14.19

Source: Bushveld Minerals

Operating costs
Assuming that the mining operations are carried out by a contractor, MSA
estimated the average life of mine operating costs including overheads and
royalties is US$68.82/t or US$3.28/lb V2O5, again ±20%.
MSA opex estimates for Mokopane
US$/lb V2O5
0.63
0.45
1.60
0.58
3.28

Mining (including royalty)
Concentrator
SRP
Overheads & logistics
Total

US$/t RoM
13.31
9.54
33.69
12.29
68.82

US$/t conc
19.79
14.18
50.09
18.27
102.33

Source: Bushveld Minerals

Valuation
MSA estimated the base-case valuation for the project using a 9% real discount
rate and a price long-term V2O5 (98%) price of US$7.5/lb (US$16.53/kg) and a
long-term rand/US$ exchange rate of R12.75.
This gave a pre-tax NPV9 of US$418.0m (US$259.4m post-tax). The pre-tax real
IRR is 24.8% (20.4% post-tax). The effective annual return on equity, assuming a
50% debt:equity ratio, is 36.7% in real terms (post-tax).
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RECOMMENDATIONS HISTORY
Bushveld Minerals Ltd
Market index

FTSE AIM Basic Resources Index

Date
13 April 2016

Market
Index

Stock Price
(GBp)

Valuation
(GBp)

Opinion

1,818

2.225

7.4

SPECULATIVE BUY

RATINGS, CERTIFICATION AND DISCLOSURE
RATINGS SYSTEM
BUY:

The stock is expected to generate absolute positive price performance of over 10% during the next
12 months.

HOLD:

The stock is expected to generate absolute price performance of between negative 10% and positive
10% during the next 12 months.

SELL:

The stock is expected to generate absolute negative price performance of over 10% during the next
12 months.

RISK QUALIFIER:

Speculative: The stock bears significantly higher risk that typically cannot be valued by normal
fundamental criteria and investment in the stock may result in material loss.

The ratings are applicable to all research produced after 1 January 2016.
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INVESTMENT ANALYST CERTIFICATION
All research is issued under the regulatory oversight of Mirabaud Securities LLP
Each Investment Analyst of Mirabaud Securities LLP whose name appears as the Author of this Investment Research hereby certifies that
the recommendations and opinions expressed in the Investment Research accurately reflect the Investment Analyst's personal, independent
and objective views about any and all of the Designated Investments or Relevant Issuers discussed herein that are within such Investment
Analyst's coverage universe.

INVESTMENT RESEARCH DISCLOSURES
The following disclosures relate to this document: 3, 8 & 9
1.

This is a commissioned or a non-independent research note/comment.

2.

In the past 12 months Mirabaud Securities or its affiliates have had corporate Finance mandates or managed or co-managed a
public offering of the relevant Issuer's securities or received compensation for Corporate Finance services from the Relevant
Issuer, excluding acting as a corporate broker, on a retained basis, for the Relevant Issuer.

3.

Mirabaud Securities expect to receive or intend to seek compensation for Corporate Finance services from this company in the
next 6 months, excluding acting as a corporate broker, on a retained basis, for the Relevant Issuer.

4.

The Investment Analyst or a member of the Investment Analyst's household has a long position in the shares or derivatives of the
Relevant Issuer.

5.

The Investment Analyst or a member of the Investment Analyst's household has a short position in the shares or derivatives of the
Relevant Issuer.

6.

As of the month end immediately preceding the date of publication of this report, or the prior month end if publication is within 10
days following a month end, Mirabaud Securities and/or its affiliates beneficially owned 5% or more of any class of common equity
securities of the Relevant Issuer.

7.

A senior executive or director of Mirabaud Securities, or a member of his / her household, is an officer, director, advisor, or board
member of the Relevant Issuer and/or one of its subsidiaries.

8.

Mirabaud Securities acts as corporate broker, on a retained basis, for the Relevant Issuer.

9.

This research note has been seen by the relevant issuer to review factual content only prior to publication.

10. Factual changes have been made by the relevant issuer prior to the distribution of this note/comment.
The Investment Analysts who are responsible for the preparation of this Investment Research are employed by Mirabaud Securities LLP a
securities broker-dealer. The Investment Analysts who are responsible for the preparation of this Investment Research have received (or will
receive) compensation linked to the general profits of Mirabaud Securities LLP.
Copies of the Mirabaud Securities Policy on the Management of Material Interests and Conflicts of Interest in Investment Research can be
obtained from the Mirabaud Securities Compliance Department by emailing compliance@mirabaud.co.uk

IMPORTANT INFORMATION
ISSUED BY MIRABAUD SECURITIES LLP, A LIMITED LIABILITY PARTNERSHIP AUTHORISED AND REGULATED BY THE
FINANCIAL CONDUCT AUTHORITY. A MEMBER OF THE LONDON STOCK EXCHANGE
© Mirabaud Securities LLP. All rights reserved. Any unauthorised use or distribution is strictly prohibited. This document has been prepared and issued by
Mirabaud Securities LLP or its associated companies and has been approved for publication in the United Kingdom by Mirabaud Securities LLP, a limited
liability partnership authorised and regulated by the Financial Conduct Authority. This document is distributed in Hong Kong by Mirabaud Securities (Asia)
Limited, which is authorised as a licensed dealer in securities and regulated by the Hong Kong Securities and Futures Commission. Neither the information
nor the opinions expressed in this document constitute or intend to be an offer, or a solicitation of an offer, to buy or sell relevant securities (i.e. securities
mentioned herein and options, warrants, or rights to or interests in any such securities). The information and opinions contained in this document have been
compiled from and based upon generally available information which Mirabaud Securities LLP believes to be reliable but the accuracy or completeness of
which cannot be guaranteed. All comments and estimates given are statements of Mirabaud Securities LLP’s or an associated company’s opinion only and
no express or implied representation or warranty is given or to be implied therefrom. All opinions expressed herein are subject to change without notice. This
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document does not take into account the specific investment objectives, financial status, attitude to risk or any other specific matters relevant to any person
who receives this document and should therefore not be used in substitution for the exercise of judgment by such person. Neither Mirabaud Securities LLP
nor any associated company accepts any liability whatsoever for any direct or consequential loss arising from the use of its advice or research publications
save where such loss arises as a direct result of Mirabaud Securities LLP’s or an associated company’s negligence. Research publications are issued by
Mirabaud Securities LLP or an associated company for private circulation to eligible counterparties, professional clients and professional advisers, (“its
clients”), and specifically not to private or retail clients. They may not be reproduced, distributed or published by you for any purpose except with Mirabaud
Securities LLP’s express written permission. Mirabaud Securities LLP, an associated company, or their employees and officers may have a holding (long or
short) in an investment which it knows will be the subject of a published research recommendation to clients. It may also have a consulting relationship with
a company being reported on. Mirabaud Securities LLP or an associated company may also act as agent of its clients and may have or have undertaken
transactions in investments covered by this document prior to your receipt of it. Additional information on the contents of this report is available on request.

IN THE UNITED STATES
Mirabaud Securities LLP is not a registered broker-dealer in the United States and, therefore, is not subject to U.S. rules regarding the preparation of
research reports and the independence of research analysts. This research report is provided for distribution to major U.S. institutional investors ONLY in
reliance on the exemption from registration provided by Rule 15a-6 of the US Securities Exchange Act of 1934, as amended (the “Exchange Act”) and
interpretations thereof by the U.S. Securities and Exchange Commission (“SEC”).

MAJOR U.S. INSTITUTIONAL INVESTORS
The Information being furnished is for distribution to “Major U.S. Institutional Investors” within the meaning of Rule 15a-6 of the U.S. Securities and
Exchange Commission under the U.S. Securities Exchange Act of 1934.
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