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Company Summary 

Bushveld Minerals is a 
diversified mineral 
development company with 
projects in Africa. The company 
has projects in iron ore, 
vanadium, tin and coal. The 
Company is refocussing its 
attention on its vanadium 
assets.  
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FOCUSING ON VANADIUM 

Investment Investment Investment Investment CaseCaseCaseCase    

Bushveld is proposing to build an integrated mine and processing facility at a cost of 
US$298.1M to produce 9,525t pa of vanadium pentoxide (“V2O5”). This will utilise an ore 
reserve of 28.5Mt grading 1.41% V2O5 out of a total resource of 298Mt grading 0.68% V2O5. 
At 1.41% V2O5 this would make the Mokopane project one of the highest grade vanadium 
mines in the world. The investment case rests on a combination of a high grade low cost 
mining reserve, a proven processing route (with several precedents in close proximity), a 
modest capex, as well as potential access to cheaper established processing facilities in 
South Africa. 

Significant AdvantagesSignificant AdvantagesSignificant AdvantagesSignificant Advantages    

The Mokopane project is forecast to be one of the lowest cost vanadium producers 
globally with a first quartile cash cost position. The value chain integration within South 
Africa will eliminate currency risks from imports and Bushveld may be able to benefit from 
the closure of current processing capacity within the country. Meanwhile, enforcement of 
regulations in favour of high strength steel is expected to support future vanadium 
consumption growth.  

Vanadium StrategyVanadium StrategyVanadium StrategyVanadium Strategy    

Bushveld’s vanadium strategy is to establish a globally significant and vertically integrated 
vanadium business with mining, processing and further downstream beneficiation 
platforms, including vanadium based energy storage. The Mokopane Project, on the 
northern limb of the of the Bushveld complex is seen as the first step in this strategy. 

ValuationValuationValuationValuation    

We have valued the project as two entities, the Pamish mine and concentrator and the 
salt-roast plant. Our valuations of these assets are US$83.9M and US$226.56M after tax 
respectively, giving the total project a valuation of US$310M, using a 10% discount rate 
and equity funding and on a 100% basis. Allowing for Bushveld’s 64% interest in the 
project, these values drop to US$69.9M and US$160.4M respectively, and in total are 
worth £0.33/share. 

VVVVanadium Energyanadium Energyanadium Energyanadium Energy    

The use of the vanadium-redox battery is seen as a game changer for vanadium demand. 
The Japanese recently commissioned a 15MW version of this battery and Bushveld have 
recently announced that it has formed a new subsidiary, Bushveld Energy to help speed 
up the development of such batteries. 

Vanadium MarketVanadium MarketVanadium MarketVanadium Market    

64% of vanadium production has historically been derived as a by-product from the 
production of steel, producing vanadium as a slag. These plants typically produced steel 
using a titano-magnetite feed stock. This technology cannot currently compete due to 
the low iron ore prices and higher costs of production. The major casualty so far has been 
the Highveld Steel plant in South Africa. This caused the vanadium price to bounce by 
25% and further closures are anticipated which are expected to push the vanadium price 
higher. 
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EXEXEXEXECUTIVE SUMMARYECUTIVE SUMMARYECUTIVE SUMMARYECUTIVE SUMMARY    

Bushveld’s Strategy 

Bushveld’s vanadium strategy is to use its high grade resources on the South African Bushveld to produce high quality 
vanadium oxide chips, primarily for the high grade vanadium steel market but also for the emerging vanadium-redox 
battery market. Their strategy begins with their Mokopane project on the Northern Limb of the Bushveld Complex, bringing 
this property into production with a joint venture partner. Longer term, their aim is to establish a globally significant and 
vertically integrated (mine-to-market) vanadium business with mining processing and further downstream beneficiation 
platforms including vanadium based energy storage. They also plan to consolidate high grade vanadium assets on the 
Bushveld complex. 

Vanadium Supply Shrinking 

64% of vanadium production has been derived as a by-product from the production of steel, producing vanadium as a 
slag. These plants typically produced steel using a titano-magnetite feed stock. The calamitous decline in the iron ore price 
has resulted in this source of feedstock becoming uneconomical and the steel makers are either closing their plants or 
switching to haematite ores. The major casualties so far have been the Highveld Steel plant in South Africa, which produced 
11% of total vanadium supply (around 66kt of vanadium slag and 8kt of ferrovanadium) from the market and the Kuranakh 
mine in Russia. 

Vanadium Redox Batteries 

This is seen as a substantial new market for vanadium as it is one of the few materials that can provide batteries of any 
significant size, with the latest battery being commissioned at 10MW. These large energy storage devices are seen as very 
important following the move to wind and solar power where it is particularly difficult to match supply and demand due to 
the vagaries of the elements. In countries such as those in Africa that do not have a grid, the use of large vanadium-redox 
batteries is seen as the future, complementing the intermittent sources of power such as wind and solar to provide 
consistent energy supply. 

Vanadium Steel 

The demand for high vanadium steel is largely coming from two sources but both are related to improving the tensile 
strength of steel which currently consumes 91% of total vanadium production. Following the 2010 earthquake in China, the 
Chinese authorities tightened the building regulations resulting in the need for higher strength steel to be used for 
construction purposes. The other major growth area for vanadium steels is the automobile industry where stronger and 
lighter steel is one area where car makers can reduce the weight of vehicles, increasing fuel efficiency and lowering 
emissions. If the Chinese intensity of vanadium consumption were to match that of European steel producers, it would add 
33,000t to annual world vanadium demand. 

The Proposal 

Bushveld is proposing to build a 1Mt pa mine and processing plant with a salt roast plant to produce 9,525t pa of vanadium 
pentoxide with a purity of 99.5%. Bushveld has released a preliminary feasibility study for the project, indicating that the 
project has a capital cost of US$298.1M. 

Valuation 

We have valued the project as two entities, the Pamish mine/concentrator and the salt-roast plant. Our valuations of these 
two assets are US$83.9M and US$226.56M after tax respectively, giving the total project a valuation of US$310M, using a 
10% discount rate and equity funding and on a 100% basis. Allowing for Bushveld’s 64% interest in the project, these values 
drop to US$69.9M and US$160.4M respectively, and in total worth £0.33/share, representing in excess of 10 times the 
current market capitalisation with zero value added for the other assets. 
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COMPANY HISTORYCOMPANY HISTORYCOMPANY HISTORYCOMPANY HISTORY    

 

Time Line of key Historical Events 

 

DateDateDateDate    

Jun-14 

EventEventEventEvent    

Pyro-metallurgy Update: Vanadium Test Results 

Jul-14 

Jul-14 

Operation Update – Revised Projects Timetable 

Bushveld Vanadium Project Update – Scoping Study Results 

Sep-14 Operations Update – Vanadium Resource Upgrade 

Sep-14 Operations Update – Mokopane Project Scoping Study 

Oct-14 Operations Update – Bushveld Vanadium Project 

Nov-14 Bushveld Vanadium Project Update – AB Zone 

Nov-14 Vanadium Project Resource Update 

Nov-14 Bushveld Vanadium Project- PFS Launch 

Mar-15 Operational Update-Bushveld Vanadium Project 

Mar-15 Vanadium-Ming Rights Application Submitted 

Mar-15 Lemur Resources-Zaaiplaats Tin Acquisition 

May-15 Takeover Offer for Lemur announced 

Sept-15 Completion of Lemur Resources Acquisition 

Sept-15 Mokopane Vanadium Project Update 

Sept-15 Purchase of shares in Close Period 

Nov-15 Share Buyback 

Nov-15 Share Buyback 

Nov-15 

Jan-16 

Feb-16 

 

Acquisition of the Brits Vanadium Project 

Launch of Bushveld Energy 

Release of the PFS for the Mokopane Vanadium Project 

 
Source:Source:Source:Source:        Bushveld MineralsBushveld MineralsBushveld MineralsBushveld Minerals    
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THE VANADIUM MARKETTHE VANADIUM MARKETTHE VANADIUM MARKETTHE VANADIUM MARKET    

Vanadium is a chemical element with symbol V and atomic number 23. It is a hard, silvery grey, ductile and malleable 
transition metal. The element is found only in chemically combined form in nature, but once isolated artificially, the 
formation of an oxide layer stabilizes the free metal somewhat against further oxidation. 

It was discovered in 1801 by Andres Manuel del Rio in Mexico by analyzing a new lead-bearing mineral he called "brown 
lead," and presumed its qualities were due to the presence of a new element, which he named erythronium (Greek for 
"red") since, upon heating, most of its salts turned from their initial colour to red. 

Vanadium occurs naturally in about 65 different minerals and in fossil fuel deposits. It is produced in China, South Africa 
and Russia from steel smelter slag; other countries produce it either from the flue dust of heavy oil, or as a byproduct of 
uranium mining. It is mainly used to produce specialty steel alloys such as high-speed tool steels. The most important 
industrial vanadium compound, vanadium pentoxide, is used as a catalyst for the production of sulfuric acid. South Africa 
is currently the only significant western world producer of vanadium. 

 

Exhibit 1: World Reserves and Production 

s 

Source:Source:Source:Source:    USGSUSGSUSGSUSGS    

 

World resources of vanadium exceed 63Mt and reserves are 15Mt. However, because vanadium is typically recovered as a 
by-product or co-product, demonstrated world resources of the element are not fully indicative of available supplies. 
Certainly, the above table does not appear to reflect the discovery of significant amounts of vanadium in the graphite 
deposits of northern Mozambique.  

Also, the black shales of central Sweden are known to contain significant tonnages of vanadium which are not included in 
these figures. At current vanadium prices these deposits are probably uneconomic if mined for vanadium alone, but they 
also contain varying amounts of uranium, nickel, zinc and molybdenum and if treated as polymetallic orebodies they would 
be economic. 

Production and Supply  

The production and supply of vanadium is geographically and source concentrated.  
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Exhibit 2: Vanadium Supply by Raw Material, 2014 

s 

Source:Source:Source:Source:    Roskill, 201Roskill, 201Roskill, 201Roskill, 2015555    

The chart above highlights the fact that around two thirds of vanadium production is as a co-product of steel production 
with vanadium in the slag. The economics of production using this route are driven by iron ore and steel prices. Once the 
steel production becomes loss making, the entire process becomes unsustainable. This has happened at Highveld Steel 
and Vanadium, which is shutdown. 

The key reason for this is the titanomagnetite ores used in this process needs a specially adopted furnace. The ore produces 
large amounts of viscous slag, requiring frequent tapping. These and other factors contribute to a processing cost at the 
iron production stage of approximately 50% more than conventional iron ores. 

 

Exhibit 3: Vanadium Price 

s  

Source:Source:Source:Source:    BloombergBloombergBloombergBloomberg, Ticker: MBVAV205 Index, Ticker: MBVAV205 Index, Ticker: MBVAV205 Index, Ticker: MBVAV205 Index    

On the announcement that Highveld was closed there was a significant bounce in the vanadium price which is not reflected 
in the above chart but it did take the price from around US$2.50/lb to US$3.10/lb. 

This is especially true of China which has some of the highest iron ore costs globally. Some of the Chinese coastal steel 
producers are expected to shut down in the short to medium term, taking up to 11% of vanadium production off the 
market. 
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Exhibit 4: Vanadium production 

s  

SourcSourcSourcSource:e:e:e:    Roskill, 2015; Quoted from Bushveld presentationRoskill, 2015; Quoted from Bushveld presentationRoskill, 2015; Quoted from Bushveld presentationRoskill, 2015; Quoted from Bushveld presentation    

Demand and uses  

Approximately 85% of vanadium produced is used as ferrovanadium or as a steel additive.  The considerable increase of 
strength in steel containing small amounts of vanadium was discovered in the early 20th century. Vanadium forms stable 
nitrides and carbides, resulting in a significant increase in the strength of steel.  From that time on vanadium steel was used 
for applications in axles, bicycle frames, crankshafts, gears, and other critical components. There are two groups of 
vanadium containing steel alloy groups. Vanadium high-carbon steel alloys contain 0.15% to 0.25% vanadium and high 
speed tool steels (HSS) that have a vanadium content of between 1% and 5%. For high speed tool steels, a hardness above 
HRC 60 can be achieved. HSS steel is used in surgical instruments. Some powder metallurgic alloys can contain up to 18% 
percent vanadium. The high content of vanadium carbides in those alloys increases wear resistance significantly. 
Applications for those alloys include tools and knives. 

At the same time as Chinese vanadium production is expected to fall, the Chinese demand for the metal will increase. 
Historically, the Chinese intensity of vanadium use in steel lags the rest of the world, and with increasing exports as the 
economy moved away from capital expenditure towards a more consumer oriented, vanadium consumption is expected 
to grow. Regulation is also driving the shift to higher re-bar strength which in turn is driving up the vanadium intensity of 
use in China. To put this into perspective, the Chinese government introduced new standards for rebar in 2010, seeking to 
reduce and gradually eliminate Grade II rebar which contains no vanadium and replacing it with Grade III, which contains 
typically contains 0.35kg/t of steel. Continued enforcement of the new standards is expected to continue to increase 
vanadium demand growth, even should steel production decline. ). In 2012, 166Mt of Chinese rebar were produced, 
comprising 86Mt of Grade II rebar (no vanadium content), 66Mt of Grade III rebar (0.35kgV/t steel vanadium content) and 
13.5Mt of Grade IV rebar (1.0kgV/t steel vanadium content). Replacement of Grade II rebar with Grade III rebar would 
require ~30,000 tonnes of additional vanadium. 

Although the use of vanadium in rebar is considered one of the most important drivers of the forecast increased vanadium 
consumption in China, strategic products such as alloy tool steel, automotive steel sheet (a key driver across various 
markets), and stainless steel (particularly heat-resistant steel) could also become important end-user products for 
vanadium, resulting in increased vanadium consumption. 

Production of vanadium feedstock by region, 2006-2014 (t V, recoverable  Vanadium feedstock production by region, 2014 
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Exhibit 5: Specific Vanadium Consumption Rate: 1999-2020 

s  

Source:Source:Source:Source:    Vanadium Market Fundamentals and Implications. Terry Perles / TTP Squared, Inc., Nov. 16, 2010Vanadium Market Fundamentals and Implications. Terry Perles / TTP Squared, Inc., Nov. 16, 2010Vanadium Market Fundamentals and Implications. Terry Perles / TTP Squared, Inc., Nov. 16, 2010Vanadium Market Fundamentals and Implications. Terry Perles / TTP Squared, Inc., Nov. 16, 2010    

Quoted from Quoted from Quoted from Quoted from http://www.americanvanadium.com/steel.phphttp://www.americanvanadium.com/steel.phphttp://www.americanvanadium.com/steel.phphttp://www.americanvanadium.com/steel.php    

 

In more recent times, vanadium steel has been used extensively in the automobile industry as it significantly increases the 
strength of the steel, enabling thinner and hence lighter steel to be used. Around 0.2% vanadium content in steel increases 
the steel strength by up to 100% and reduces weight by up to 30%. This demand is being driven by the ever tighter emission 
standards and the resulting requirement for improved fuel efficiency. High-strength low-alloy steels are predictably 
strengthened through the addition of less than or equal to 0.20% vanadium. In addition to increased strength-to-weight 
ratios, V-steels also provide weldability, ductility, elongation, good castability, and a long list of other advantages. 

 

Exhibit 6: Vanadium Usage for Steelmaking (2008 numbers), per million tons (MT) of steel 

                             
s  

Source:Source:Source:Source:    TTP Squared 2014TTP Squared 2014TTP Squared 2014TTP Squared 2014    

    

Another use of vanadium, although less important than its use in the steel industry is that it stabilizes the beta form of 
titanium and increases the strength and temperature stability of titanium. Mixed with aluminium in titanium alloys it is used 

Steel industry vanadium consumption – by region 
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in jet engines, high-speed airframes and dental implants. One of the common alloys is  a titanium alloy with 6% aluminium 
and 4% vanadium. 

Apart from the increasing demand for automobiles to become lighter and more fuel efficient, the Chinese government has 
already enacted regulations to increase the use of vanadium consumption in steel, thus driving up its intensity of use closer 
to that of the western world. 

 

Exhibit 7: Global Vanadium Consumption %, 2014 

s  

Source:Source:Source:Source:    CRU, Terry Perles/Atlantic Ltd.; CRU, Terry Perles/Atlantic Ltd.; CRU, Terry Perles/Atlantic Ltd.; CRU, Terry Perles/Atlantic Ltd.; www.vanadiumcorp.com/tech/price; SAMI, 2009; South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, www.vanadiumcorp.com/tech/price; SAMI, 2009; South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, www.vanadiumcorp.com/tech/price; SAMI, 2009; South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, www.vanadiumcorp.com/tech/price; SAMI, 2009; South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, 

2014. Quoted from Bushveld presentation2014. Quoted from Bushveld presentation2014. Quoted from Bushveld presentation2014. Quoted from Bushveld presentation    

Energy Storage Applications 

The chemistry of vanadium is noteworthy for the accessibility of the four adjacent oxidation states 2-5. In aqueous solution, 
vanadium forms metal aquo complexes the colours are lilac [V(H2O)6]2+, green [V(H2O)6]3+, blue [VO(H2O)5]2+, yellow 
VO3−. Vanadium (II) compounds are reducing agents, and vanadium (V) compounds are oxidizing agents. Vanadium (IV) 
compounds often exist as vanadyl derivatives, which contain the VO2+ center.  

This enables vanadium to be considered in the battery space. Renewable energy supplies such as wind and solar continue 
to emerge while meeting an increasing percentage of today's electricity demands. However, the existing electricity  grid 
was never designed to handle the intermittent power supplies these clean energies represent; simply put, we can't expect 
the wind to blow or the sun to shine based on when or how much electricity we need. The easiest and most cost-effective 
solution is to store whatever renewable energy is created, and then release it to the grid at the optimum time to avoid both 
shortfalls and overloads. 

Due to the significant growth in the supply of renewable energy, in particular solar and wind, there is a huge requirement 
for utility scale battery storage globally. The USA has estimated global demand to top US$300B by 2030. Utility scale energy 
storage has a diverse set of applications in the power sector, including peak demand shaving; storing electricity from solar 
PV for use at night; lowering system costs for micro grids and islands; reducing CAPEX and energy losses in transmission 
& distribution; balancing PV and wind intermittency; and regulating load frequency. This represents a significant 
opportunity for vanadium redox flow batteries (“VRFB”s). 

 

Exhibit 8: Utility Scale Energy Storage Market Forecast, USD billions (real) per annum by 2030 

s  

 

Source:Source:Source:Source:    EIA, IHS, 2013,SA IRP 2010 (revised 2013), CitiGroup, BCG, Navigant Research, McKinsey & CompanyEIA, IHS, 2013,SA IRP 2010 (revised 2013), CitiGroup, BCG, Navigant Research, McKinsey & CompanyEIA, IHS, 2013,SA IRP 2010 (revised 2013), CitiGroup, BCG, Navigant Research, McKinsey & CompanyEIA, IHS, 2013,SA IRP 2010 (revised 2013), CitiGroup, BCG, Navigant Research, McKinsey & Company. Quoted from Bushveld presentation. Quoted from Bushveld presentation. Quoted from Bushveld presentation. Quoted from Bushveld presentation    
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Further, Africa offers a unique and immediate commercial opportunity for energy storage. There are currently around 600m 
people living without electricity in Sub Saharan Africa and the electrical grids are too weak to support major industry. 
Further, 7,000MW of new energy generation capacity is required each year in Africa to sustain growth yet only 1,000MW is 
being built. 

Africa’s largest utility, SA’s Eskom’s reserve margin deficiency requires more energy storage and Africa’s demand growth 
is expected to be 4.5% per annum for the next 25 years. Eskom’s reserve margin deficiency requires more energy storage 
than currently in place. Moreover, with the 5GW of renewable energy generation capacity added to the grid, under the 
Renewable Independent Power Produces Programme over the past 5 years, the need for energy storage will be even 
greater. In fact future renewable power programmes are expected to allow for energy storage.  

VRFB’s are fast becoming the preferred choice for suppliers and there are a number of companies worldwide which are 
commercialising this technology. VRFB’s offer a number of advantages over other systems due to: 

 

• Scalability, with power and capacity decoupled and may be expanded by using larger and larger storage tanks. 

• Lifespan of up to 20 years 

• Immediate energy release 

• Excellent charge retention of up to one year  

• Ability to discharge 100% with no damage, which is unique 

• Have the key figure of using only one element in electrolyte, V2O5 

• 100% of the vanadium is reusable when the battery is decommissioned. 

In late January 2015, TSX-V listed Sparton Resources successfully commissioned an 8MWh vanadium flow battery as part 
of the Zhangbei project, located about 180km north of Beijing near Zhangjiakou in Heibei province. This is one of the 
largest vanadium-flow batteries installed globally. The Zhangbei project is an integrated wind power, solar power, energy 
storage and smart-grid transmission technology system and currently comprised 500 MW of wind power and 100 MW of 
solar power, as well as the world's largest chemical-energy storage station. Being a key component of China’s Golden Sun 
photovoltaic pilot project, the project had 25 MWh of energy storage capacity installed, with plans in the works to lift this 
to 100 MWh. In Japan, Sumitomo have recently completed a 15MW battery at Hokkaido. 

As part of the commissioning there was a 240 hour test involving the daily charging and discharging of the entire unit with 
2 MW of power and 8 MW of energy released in each cycle. The battery performed well and actually exceeded design 
specifications by about 10%. 

Policy makers are writing energy storage into electricity plans globally. In March 2015, the European Commission published 
a report noting that by 2030, the “economic potential” of energy storage will be 400GW. In the USA, California has 
mandated its three utilities to install 1.3 gigawatts (GW) of storage capacity by 2020. In fact, annually installed energy 
storage capacity grew 40% from 2013 to 2014 in the USA and is expected to increase fourfold for 2015 to 200MW, according 
to GTM Research.  

The Vanadium Redox Flow battery (VRFB) today offers one of the most compelling technology options in commercial 
deployment. Although its need for more space and use of a liquid electrolyte make it a poor fit for electronics and cars, its 
scalability, quick recharge rate and nearly unlimited ability to recharge without performance degradation make it extremely 
attractive in utility-scale applications. There are over 200 VRFB installations and several hundred more installations 
underway today, including some in South Africa.  
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Exhibit 9: Vanadium Redox Flow Batteries 

s  

Source:Source:Source:Source:    Yellow Rock ResourcesYellow Rock ResourcesYellow Rock ResourcesYellow Rock Resources    

 

As a result of the demand for storage batteries, battery storage capacity is expected to grow by 185Gwh in the next few 
years. 62Gwh or 30% of this market demand is expected to be taken up by VRFB’s as a result of their advantages. This 
would theoretically result in the demand for 300,000t of new demand for vanadium which is approximately three times the 
current annual consumption. 

Supply and Demand Balance 

The demand and supply of vanadium have in large part been in balance in 2014/15. The growing intensity of use of 
vanadium can however be expected to reduce vanadium supply significantly more than a reduction in steel production is 
expected to reduce vanadium consumption, driving the market towards a vanadium supply deficit. According to TTP2 
(2015), a deficit arising from declining supply and a relatively flat demand could be as much as 18kt contained vanadium 
outside China, more than an anticipated excess of ~5kt contained vanadium from China in 2016, suggesting a decrease in 
inventories of ~13ktV in 2016, or 14% of the annual supply/demand. The elimination of excess vanadium inventories is 
expected to return fundamentals to drive vanadium prices going forward, the most significant of which is the cash cost of 
production.  

Vanadium Cost Curve 

Overall vanadium production costs vary across the various types of producers. Co-production represents the lowest-cost 
production source, estimated at approximately US$4.50/lb V2O5. The low cost assumes that there is in effect no cost for the 
vanadium slag (which is already produced in the steel making process) and the cost of production is for refining only.  
However, while co-production presents the lowest cost production source, its viability is determined, not by the economics 
of processing the slag as much as it is by the economics of the steel making that produces the slag.  
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Exhibit 10: Vanadium cash cost curve, 2014 

Source:Source:Source:Source:    Roskill, 2015Roskill, 2015Roskill, 2015Roskill, 2015    

 

Primary production from vanadiferous titano-magnetite (VTM) mines (similar ores used by co-producers) requires mining 
and production of concentrate and, as a result, costs are slightly higher than those of integrated producers. Further, steel 
making with this type of fed is approximately 50% more expensive than using hematite due to the lower grades of the feed 
stock and the need to tap the slag far more regularly. As a result in the downturn in steel prices, production from this source 
is shrinking.  Depending on the grades of the primary deposits, Roskill estimates costs in the order of US$6.00/lb V2O5. 
Secondary production is often linked to current vanadium market prices and is therefore exposed to market fluctuations 
and is considered to have the highest cost of production.  

Based on today’s consumption level the cash cost of the least economic units necessary to meet demand is roughly 
US$6.00/ lb V2O5. 

Vanadium price outlook 

Vanadium prices have been following a slight downward trend since 2010 due to a combination of oversupply and low 
demand, particularly in China. This was further worsened by a material fall in 2015 in the thin vanadium spot market, which 
is key in determining contract pricing. 

At prices below US$21/kg, however, some secondary production is estimated to no longer be economic.  In combination 
with low iron ore prices contributing to a reduction in co-production, it is expected that inventories will start falling with 
the possibility of a small deficit developing which would likely lead to a partial recovery in prices. 

Roskill suggests a recovery in prices to about US$21-24/kg is likely over the period 2015-2017. In the longer term, this price 
level is expected to offer insufficient incentive to encourage development of new supply, or increases in secondary output. 
Assuming ongoing growth in demand, a further recovery (in real terms) to about US$24-27/kg is, therefore, expected. In 
nominal terms, the effects of inflation and an eventual recovery in energy prices will likely lead to higher US$ prices.  

A price of US$7.50 /lb of V2O5 flakes at >98 % purity is assumed for the Project, with an anticipated initial production year 
of 2019. This approximates the 10 year historical average of US$7.63 /lb. (Jun 2005 – May 2015), and is ~17% higher than 
the 15 year historical average of US$ 6.39 /lb (Jun 2000 – May 2015).  
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SOUTH AFRICASOUTH AFRICASOUTH AFRICASOUTH AFRICA    

The Republic of South Africa is located at the southern tip of Africa and is divided into nine provinces, with 2798 kilometres 
of coastline. It is a multi-ethnic and culturally diverse country, but its recent history is tainted by the system of apartheid 
and inequality that persisted into the 1990s, despite political and civil campaigning and protest. It was only in 1990 that the 
ruling National Party government took the first step towards dismantling discrimination when it lifted the ban on the African 
National Congress (“ANC”) and other political organisations. South Africa did not hold its first universal, post-apartheid 
elections until 1994, which the ANC won by an overwhelming majority. It has been in power ever since.  

The political transition in South Africa in the 1990’s also stimulated a transition in economic policies, which needed to 
achieve economic growth and address socioeconomic imbalances. During this ongoing period of transition, the South 
African government has demonstrated a commitment to open markets, privatisation and a welcoming investment 
environment.  

There has been some success: South Africa is ranked as an upper-middle income economy by the World Bank, with a well-
developed and productive formal sector based on mining, manufacturing, services and agriculture. Agriculture contributes 
2% to GDP, industry contributes 30.8%, and services account for 66.7% of GDP. South Africa has established lucrative 
export partnerships with China, the U.S., Germany and Japan, with China qualifying as their largest export market since 
2009, and the outlook on private consumption remains positive. However, the legacy of apartheid is still apparent in terms 
of both social problems and economic inequalities. Unemployment is persistently high and the wealth gap is wide and still 
broadly split along racial lines.   

Recent economic developments have seen GDP grow between 2004 and 2007 at an average rate of 5%, but fall to 3.7% in 
2008 and contract further in 2009 because of higher interest rates, weakening commodity prices and the impact of the 
global financial crisis. There was a moderate recovery in GDP growth in 2010 but essentially the GDP growth has been 
trending downwards and the country narrowly avoided falling into a technical recession in late 2015.  This figure would 
have to push past 6 % to offset high unemployment, which stood at 24.9% in late 2015. The last definitive set of statistics 
for the country were the Annual Financial Statistics published for 2014. These shows that construction was the fastest 
growing sector at 27.5% pa followed by activities auxiliary to financial intermediation, real estate and other business services 
(excluding financial intermediation, insurance and business services not elsewhere classified) (+13,5%), trade (+11,4%), 
electricity, gas and water supply (+10,6%), community, social and personal services (excluding government institutions) 
(+10,6%), mining and quarrying (+10,1%), forestry and fishing (+9,5%), manufacturing (+8,8%) and transport, storage and 
communication (+6,5%).  However, since then commodity prices have plunged and these have had a huge impact on the 
gold, platinum and iron ore segments of the mining sector in particular and the sector has not been helped by labour 
unrest, particularly at the platinum mines. 

In mid-2015 the economy was generally regarded as being bogged down by the internal political battles of the ruling 
African National Congress. Despite its much touted National Development Plan, the main political battle is whether or not 
to follow capitalist or socialist economics.  

The problems were further exacerbated by the changing of the finance minister twice within a week in mid-December 2015.  
This resulted in a serious weakening of the rand from 14 to 16 to the US dollar, and some commentators are forecasting 
further weakening to around 20 to the dollar. 

The South African mining industry  

South Africa possesses significant natural resources and mining has historically been a major driving force behind the 
country’s economic development. These significant natural reserves span the full spectrum of mineral categories, namely 
precious metals and minerals, energy minerals, non-ferrous metals and minerals, ferrous minerals and industrials minerals. 
South Africa is the world's largest producer and exporter of platinum; is a significant producer of gold, iron ore, manganese, 
chrome, vanadium, and titanium; and also exports a significant amount of coal. Coal accounts for the majority of the mining 
sector’s value. In terms of other industries, the value-added processing of minerals to produce ferroalloys, stainless steels, 
and similar products is an important growth area and the country's manufacturing sector is a world leader in several 
specialised products, including motor vehicles and parts, railway rolling stock, synthetic fuels, and mining equipment and 
machinery. As these secondary and tertiary industries develop, the relative contribution of mining to South Africa’s GDP 
has declined over the past ten years.   

Mineral sales did improve post 2014, rising by 4% in 2015, but this masked the fact that net profit across the industry 
dropped 75% and net operating cash flows decreased by 6%. This sales improvement was driven primarily by a small rise 
in coal sales and platinum group metals, a rebound from the strike stricken 2014, largely offset by a significant drop in iron 
ore sales.  In Rand terms, we anticipate that total sales will continue to rise in 2016, but only because of the continuing 
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devaluation of the Rand. Factors mitigating against the mining industry in South Africa are the ongoing political concerns, 
weak metal prices and high electricity costs plus a lack of capital investment. China’s excess steel capacity has led to the 
dumping of steel globally and this has negative ramifications for the ferro-alloy sector in South Africa which includes 
vanadium steels. 

The key aspect regarding the South African mining industry is that although it only constitutes around 6% of the GDP it 
generates nearly 60% of the country’s exports. This obviously has huge ramifications for the exchange rate. 

 

Exhibit 11: South Africa 

    

Source:Source:Source:Source:    Geology.com Geology.com Geology.com Geology.com     

    

Exhibit 12: Location of Project 

 

Source:Source:Source:Source:    The MSA GroupThe MSA GroupThe MSA GroupThe MSA Group    
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THETHETHETHE    PROJECTPROJECTPROJECTPROJECTSSSS    

Introduction 

Bushveld currently has two vanadium projects in the Limpopo Province of South Africa.  There is the Mokopane vanadium 
Project, where Bushveld have been actively exploring for several years and the Brits Vanadium Project which was acquired 
on the 6th November 2015. 

The Mokopane Vanadium Project 

Mineral Tenure 

Pamish holds a Prospecting Right, LP95PR, which covers the farms Vriesland 781LR, Vliegekraal 783LR, Vogelstruisfontein 
765LR, Schoonoord 786LR and Bellevue 808LR, and which was granted for iron ore, vanadium, titanium and all minerals 
that may be found in intimate association with the latter, as well as nickel, copper, cobalt, chrome, platinum group metals 
and gold. Phosphate ore was added in February 2014.  

The status of tenement is based on information and copies of documents provided by BML, which includes a legal opinion 
confirming that Pamish Investments No 39 (Pty) Ltd (Pamish) remains the Prospecting Right holder for LP95PR beyond the 
expiry date (15 March 2015) and during the processing period of the Mining Right application, submitted on 13 March 
2015, until such time as the Right may be approved or not by the Department of Mineral Resources (DMR).  

 

Exhibit 13: Regional location of Project area 

        
Source:Source:Source:Source:    MSAMSAMSAMSA    

Regional Geology 

The Project Area is situated within the Northern Limb of the Bushveld Complex (BC) and covers the upper portion of the 
Main Zone (MZ) and the entire Upper Zone (UZ) of the Rustenburg Layered Suite (RLS). The UZ is approximately 1,250 m 
thick and dips gently (15° to 25°) to the west. The UZ is characterised by the presence of vanadiferous titano-magnetite 
(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). 
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The RLS is the World’s largest and economically most important layered complex and is known for the remarkable 
geological and geochemical continuity of the magmatic stratigraphy. 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 USA (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 UZ consists of numerous cyclic units of alternating and well-layered rocks and is subdivided into three Subzones based 
on the presence of modal olivine in rocks of Subzone B and modal apatite in Subzone C. The rocks of the RLS show 
remarkable continuity and individual layers can generally be traced along strike for tens of kilometres. 

Since 2010, exploration by BML focussed on the Main Magnetite Layer (MML) and the stratigraphically higher semi-massive 
to massive Ti-magnetite layers N, O, P and Q. The P and Q VTM layers together with their enclosing gabbroic host rocks, 
which can contain considerable quantities of disseminated VTM, have been collectively termed the P-Q Zone.  

The Project is based on the three mineralised layers associated with the MML. These are the MML itself, the MML hanging 
wall and the AB zone. 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 the 2010 to 2013 campaign in 13 vertical drillholes, and has an average true thickness of 9.8m, 
including the VTM-poor parting, and dips between 18° and 24° to the west. The MAG3 ranges between 2.59m and 7.65m 
and averages 4.09m in true thickness. The 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. 

Ore Resources 

Prior to BML’s systematic drilling programmes, the Project Area had not been explored for its Ti-magnetite potential but 
was covered by a regional geochemical soil sampling and geological mapping campaign by the Council for Geoscience 
(CGS). The latter work was published in 1985 at 1:250,000 scale as the 2328 Pietersburg Geological Series map. The soil 
sampling was conducted at 1 km intervals and the samples were analysed by XRF and ICP-MS for over 40 elements 
including Fe2O3, V, TiO2, Cu and Ni. Significant vanadium and titanium anomalies occur and generally coincide with areas 
mapped as the UZ. 

A regional aeromagnetic and radiometric survey was conducted in the 1990’s and processed by the CGS. The data show 
northerly-trending magnetic zones which have been correlated with the two most prominent VTM-rich stratigraphic units, 
namely the Main Magnetite Group and the N-Q Zone comprising the N, O, P and Q Ti-magnetite layers. 

A stratigraphic drill hole BV-1 was drilled by the CGS in 1991 on the farm Bellevue 808LR, some 2 km south-west of the 
Project Area. The 2,950 m deep hole covered the entire Upper Zone stratigraphy and intersected 32 discrete layers of VTM-
rich rocks (>20 % opaque minerals) ranging in thickness between 7 cm and 13 m. Most prominent are the uppermost semi-
massive Ti-magnetite layer (Q layer) which has a thickness of 13 m and an approximately 8 m thick vanadium-rich layer with 
variable Ti-magnetite content. The latter is some 175 m above the base of the UZ and can be correlated with the MML. 
The occurrence of the two most prominent Ti-magnetite layers in drill hole BV-1 at depths of approximately 600 m and 
1,400 m illustrates the remarkable spatial continuity of these layers. 

The N-Q Layers in the Project Area had not been identified prior to BML’s exploration activities. The MML was only partially 
portrayed on the maps existing at the time and had been interpreted from exposures in isolated outcrops. No historic 
Mineral Resource Estimates had been carried out in the Project Area. 

A total of 4,234.06 m were drilled in 17 diamond drill holes during the 2010-2011 drilling campaigns on the farms Vliegekraal 
and Vriesland. This included four drill holes totalling 902.02 m on the MML and 10 drill holes totalling 2,583.77 m on the P-
Q Zone. The stratigraphically lower N and O layers were excluded from the Mineral Resource Estimate (MRE). 

During 2012, 13 drill holes totalling 927.49 m were drilled, of which nine intersected the MML, one hole was stopped 
approximately 100 m above the MML and three holes were drilled into the footwall to the MML. 

For the March 2013 MRE, the MML was subdivided into the two semi-massive to massive VTM layers, namely MAG3 and 
MAG4 and the VTM-poor, feldspar-rich parting (the “Parting”) between MAG3 and MAG4. The Parting has a low 
abundance of VTM, ranging between 5 % and 30 %, whereas MAG3 and MAG4 contain between 35 % and 90 % VTM. As 
the Parting has average Fe2O3 grades below 40 %, it was not regarded as a Mineral Resource. The Fe2O3 grade of the 
parting was actually 29.9% with a V2O5 grade of 0.58%.  
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Since 2013, the focus of the project was changed from iron to vanadium. This resulted in the Mineral Resource Estimates 
being changed. Instead of being quoted with a Fe2O3 cut-off, they are now quoted with a >0.3% V2O5 cut-off, and hence 
the “parting” material could be included in the ore resource. This added 11.43Mt to the overall figure. Significantly, a 
simple magnetic separation of the iron, significantly improves the vanadium grades which go with the magnetite. Based 
on test work to-date, the vanadium grades of the material in the hanging wall increases from 0.5% V2O5 to >1.5% V2O5 and 
the material in the AB zone increases from 0.5% V2O5 to >2% V2O5.  

The MRE was based on additional sampling and assay data from the MML Hanging Wall (MML HW) succession collected 
from the 17 drill holes drilled on the MML between 2010 and 2012. The MML HW was subdivided into fourteen continuous 
layers defined by geological logging and VTM content, consisting of alternating layers of relatively high-grade semi-
massive to massive VTM, lower-grade gabbronorite and barren anorthosite. The main target horizons were the VTM layers, 
particularly those averaging ≥0.30 % 2. These fourteen layers of the MML HW package are conformable with the MML and 
have a combined average true thickness of approximately 72m. 

The MML HW Mineral Resource forms part of the Project and it is expected that the MML HW will be co-extracted with the 
MML. Although grades are generally lower in the MML HW layers relative to the MML, the cost of mining the MML HW is 
expected to be minimal as much of the mining cost will be attributed to the stripping of MML HW required to access the 
MML. 

In 2014, a further 31 diamond drill holes were drilled. Of these, 22 holes for 1,295.82m were targeted in the MML, and MML 
HW, and nine holes for 535.79m were drilled targeting the VTM mineralisation. This occurs in the A-B zone approximately 
180m stratigraphically below the MML. 

The drilling increased the confidence of the shallow mineralisation such that an Indicated Mineral Resource was declared 
for the MML from surface to a vertical depth of 120 m. The Mineral Resource for the MML on the farms Vriesland and 
Vliegekraal was reported at a cut-off-grade of 40 % Fe2O3 and was prepared in accordance with JORC 2012. The grades 
and tonnages for the Parting are shown in Exhibit 14. 

 

Exhibit 14: Regional location of Project area 

Source:Source:Source:Source:    MSAMSAMSAMSA    

 

The size of the vanadium project grew very fast. Originally when it was based on the Fe cut-off it was only 52Mt, but as 
soon as the cut-off was changed to vanadium the parting could be included and the resource expanded to 63.2Mt. 

The core from the hanging wall was then assayed and together with the 2014 drilling, delineated a resource in the MML 
hanging wall of 221.5Mt, taking the overall resource to 285Mt. 

 Mineral 

Resource 

Category 

Width 

(m) 

Tonnes 

(Mt1) 

Density 

(t/m3) 

V2O5 

(%) 

Fe 

(%) 

Fe2O3 

(%) 

TiO2 

(%) 

SiO2 

(%) 

Al2O3 

(%) 

P2O5 

(%) 

S 

(%) 

V2O5 

(kt) 

Fe 

(Mt) 

UG-C Inferred 4.04 31.8 3.48 0.64 25.7 36.7 5.9 30.2 15.4 0.01 0.12 202.8 8.2 

UG-A Inferred 1.64 12.7 3.31 0.59 23.2 33.1 5.3 32.5 17.5 0.01 0.01 75.6 3.0 

UMG1 Inferred 3.24 25.5 3.30 0.59 22.9 32.7 5.4 32.6 17.6 0.01 0.01 150.4 5.8 

UMG2 Inferred 2.03 15.7 3.40 0.69 25.9 37.0 6.2 29.4 16.7 0.01 0.01 107.7 4.1 

MAG1 HW 

GAB 

Inferred 17.53 72.3 3.02 0.31 13.1 18.8 2.9 42.0 21.9 0.01 0.12 223.3 9.5 

MAG1 Inferred 1.31 12.0 3.96 1.07 40.0 57.1 9.7 15.6 10.8 0.01 0.06 128.7 4.8 

MAG2 Inferred 1.10 9.2 3.57 0.83 30.2 43.1 7.2 25.1 15.1 0.01 0.06 76.3 2.8 

MML HW Inferred 5.89 42.3 3.01 0.32 13.4 19.2 2.5 42.2 21.6 0.02 0.11 136.0 5.7 

Total Inferred 36.77 221.5 3.21 0.50 19.8 28.3 4.4 35.7 18.9 0.01 0.08 1,100.8 43.8 

MAG3 Indicated 4.09 27.5 4.08 1.50 45.5 65.1 10.

0 

10.6 7.8 0.01 0.12 412.5 12.5 

PART Indicated 2.16 11.4 3.16 0.58 20.9 29.9 3.5 34.5 19.0 0.01 0.17 66.3 2.4 

MAG4 Indicated 3.59 24.3 4.00 1.46 43.9 62.7 9.3 11.8 8.9 0.01 0.24 354.9 10.7 

Total Indicated 9.84 63.2 3.85 1.32 40.4 57.8 8.6 15.4 10.2 0.01 0.18 833.7 25.6 

Total 

Mineral 

Resources 

 46.61 284.8 3.33 0.68 24.4 34.8 5,4 31.2 17.0 0.01 0.10 1,934.5 69.4 
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The AB Zone was only added to the Resource at a later stage and consequently is not included in the above table. The 
Resource Estimate for the AB Zine was completed in the second half of 2015 and is 12.5Mt, taking the total resource to 
298Mt.  

However, the Preliminary Feasibility Study was focussed on mining only the MML due to it being the highest value 
mineralisation and the fact that the detailed metallurgical work conducted was only on the MML. The original mining plan 
assumed that the MML Hanging Wall material was waste, but allowed for stockpiling facilities so that the material could be 
used in the future. Hence the mining plan was based on the 28Mt which is plenty for a 1 Mt pa operation. 

Stratigraphically, the AB Zone is around 180m below the MML, and it was thought that the mining of the MML Zone would 
have no impact on it. But, the AB Zone does outcrop and on upgrading gives exceptionally high V2O5 grades of between 
2.1% and 2.6% in the concentrates. Hence the PFS recommends that this scope should be considered during the Bankable 
Feasibility Study. But for now it remains a resource, as is the MML Hanging Wall. The only difference is that the MML 
Hanging Wall will be dug out and stockpiled since it is the immediate hanging wall of the to-be–mined MML layer. 

 

Exhibit 15: Representative view of the hanging-wall zones of mineralisation 

Source:Source:Source:Source:    Bushveld MineralsBushveld MineralsBushveld MineralsBushveld Minerals    

 

Mining 

Prior to the commencement of mining of the MML ore, bush clearing, topsoil and/or black turf removal and storage, and 
non-MML ore and waste removal and storage  will be required. 

The MML ore will be mined in both pits using the dip angle of the MML Zone, i.e. approximately 18º, from a highwall access 
ramp. The highwall access ramp will be mined down at an angle of 8º to the upper contact of the MML zone and will then 
be mined on a level gradient to create an open pit width of approximately 30 m; the open pit will then be mined to the 
north and south in two linked pits utilising a common ramp. 

It was assumed for the PFS that a Mining Contractor will be appointed to undertake the mining. Budget prices for the 
mining were procured from contractors who have knowledge of the area and expected mining conditions. The proposed 
mining method would be within acceptable practices in South Africa. 
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Mining will be undertaken at a RoM of 1Mt pa, with the amount of non-MML material mined minimised to take advantage 
of the initial low MML to non-MML (waste) ratio.  

The mining study was completed to an accuracy of ±20 %. 

The Ore Reserve at the required RoM tpa allows for a 30 year LoM. 

 

Exhibit 16: Probable Ore Reserves 

 

Orebody Thickness (m) SG (t/m³) Tonnes (million) V₂O₅ (%) 

MML Upper, MAG 3 4.09 4.08 15,342 1.50 

MML Lower, MAG 4 3.59 4.00 13,154 1.46 

Total/Average 7.68 4.04 28,496 1.48 

Source:Source:Source:Source:    BushveldBushveldBushveldBushveld    

 

Metallurgy 

The envisaged processing route for the project has two key components – a) a concentrating plant utilising magnetic 
separation process to make a concentrate product, followed by b) a salt roast plant to produce a 99.5% vanadium pentoxide 
product. 

The Concentrator Plant 

Davis tube testing was conducted on composites of samples received from the various drill holes to investigate the 
optimum grind size for beneficiation based on vanadium grade and recovery achieved.  

With respect to product grades, results indicated that the feed material is fully liberated at the grind of 80 % < 53 µm. Tests 
of specific samples showed that the product grade is not particularly sensitive to the fineness of grind between 38 µm and 
212 µm.  

A grind size of 80 % < 75 µm was ultimately selected as a sensible lower limit for the target grind based on test results 
related to Fe recovery. A notable decrease in recovery of Fe to the product was observed as the grind is reduced from 80 
% < 212 µm to 80 % < 75 µm. The final concentrate grade is expected to be 1.75% V2O5 and 57.62% Fe. 

Essentially, the concentrating plant consists of a simple crushing and grinding plant, flowed by magnetic separation.  In 
order to achieve the correct degree of separation, there are three stages of low intensity magnetic separation.  This results 
in a concentrate grade of 1.75% V205 and a total iron grade of 57.62%. 

The Salt Plant 

The salt plant takes the concentrate from the concentrating plant, mixes it with coal, sodium carbonate and sodium 
sulphate and puts this mix through a rotary kiln at temperatures of up to 1150 0C.  This converts the vanadium into a sodium 
metavanadate, a water soluble vanadate. The kiln is discharged into a rotary cooler to lower the temperature of the solids 
to 3500C.  The sodium meta-vanadate which is reground, to maximise dissolution in sulphuric acid, which also acts as the 
first stage of leaching.  The liquor is then pumped to thickeners for desilication and the removal of iron and titanium. The 
solution then has ammonium sulphate added to it to precipitate the vanadium as ammonium metavanadate.  The 
ammonium metavanadate is then filtered, dried and calcined to produce V2O5.  

The calcined V2O5 is then fed into a fusion furnace to form molten V2O5 which is continuously tapped and flows onto water-
cooled flaking wheels forming a thin layer of V2O5. This solidifies and is scrapped off as the final product, V2O5 flakes. 
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Exhibit 17: Illustrative flow-sheet for Salt Roast process 

 

Source:Source:Source:Source:    Bushveld MineralsBushveld MineralsBushveld MineralsBushveld Minerals    

The precipitate after the leach is a high grade iron rich calcine. This typically assays 54% iron and up to 11% titanium 
dioxide. There are well established routes for processing this type of material, both hydro and pyro metallurgically, but the 
low prices of iron ore and steel currently prevailing, both are presently uneconomical and the material is planned to be 
stockpiled. 

Residue Disposal 

The processing plant or magnetic separation plant residues will be stored in a lined dam with facilities to reclaim water. 
There will also be a lined storm water dam, designed to have sufficient capacity of a one in a fifty year event. The tailings 
dam will be positioned 3km away from the open pit to minimise blasting vibrations. 

The calcine dry stack facility has been combined with the lime cake and sodium sulphate tailings stream in order to reduce 
the overall footprint and to reduce the cost of lining. The facility has also been phased to reduce the start-up capital 
expenditure. Based on the assumption that the calcine lime cake and sodium sulphate products will be deposited by means 
of trucking from the plant, the facility has been placed as close as possible to the plant (2.2 km to the southeast) to reduce 
haulage cost. The calcine provides a potential environmental hazard and the RDF has thus been designed such that 
continuous capping of the exposed material will take place. 

Environmental Impacts 

The Project site is surrounded by several communities and farmers who could potentially be impacted through the 
development of the Project. Pamish is in the process of obtaining the necessary environmental authorisations and aims to 
comply with all relevant legal requirements.  

The purpose of the EIA process is to ensure that potential environmental and social impacts associated with construction, 
operation and closure of a project are identified, assessed and appropriately managed. There are two primary phases of 
an EIA process, namely the scoping phase and the impact assessment phase. Identification of potential impacts occurs 
during the scoping phase, whilst the assessment and mitigation of those impacts occurs during the impact assessment 
phase.  

Pre-Feasibility Study 

A pre-feasibility study for the Mokopane Vanadium Project was released in February 2016. This was based on a 1Mt pa 
mine and processing plant with an adjacent salt roast plant, producing 9,525t pa of vanadium pentoxide. On the 
assumptions that the vanadium pentoxide price would be US$7.50/lb, the US$:ZAR exchange rate would be 12.75 and a 
thirty year mine life, the net present value after tax and using a 9% discount rate was US$259.4M based on a thirty year 
operating life. 
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Logistics 

The area where the mineral tenures are located is centred on Bakenburg, approximately 45km north of Mokerong and 
Mokepane and approximately 65km west of Polokwane. The area is well served by main roads with the N11 running just to 
the east of the project area. Water is available. It is proposed to truck the finished product, vanadium pentoxide flakes in 
drums, loaded into containers down to the coast for export. It is anticipated there will be approximately one truck per day 
required to move the concentrate. There is a railway line 40km away which could be used but due to the small tonnage it 
will probably be trucked. 

Iron content 

Due to the depressed state of the iron ore market, there are currently no plans to sell the magnetite concentrate that will 
be produced as a by-product. This material runs about 54% iron and 13 to 14% titanium. If the iron ore markets were to 
improve then here would be the potential to sell this material, but we have not included it in the revenue stream. 

The Brits Acquisition 

Bushveld has announced that it has signed definitive legal agreements in respect of its acquisition of the Brits Vanadium 
Project in South Africa (“the Brits Project”) by its subsidiary Lemur Resources (“Lemur”) from Sable Metals and Minerals 
Limited (“Sable”). This agreement is pursuant to the binding term sheet signed with Sable and announced on 14th August 
2015.   

These leases are collectively for the minerals vanadium, iron ore and rutile. The vanadium values in the Main Magnetite 
Layer (“MML”) and associated layers compare closely with the vanadium grades at Bushveld’s flagship Vanadium project 
in the Limpopo Province. This deal was 11 months in the gestation period since Lemur and Sable entered into a loan 
agreement for R2M on the 19th of March 2015. Further payments have resulted in a total amount of R5M. At the exchanges 
rates prevailing at the time this amounted to around US$0.35M and under the terms of the loan agreement will be used as 
part of the purchase price. 

Lemur has agreed to acquire the project for US$0.6M plus a royalty on the gross sales of product yielded by the Project 
and therefore by our calculations the outstanding amount payable by Lemur is approximately US$0.25M. This amount will 
be paid in two instalments to be completed upon the approval of the transaction at a Shareholders Meeting of Sable. 

The Brits Project comprises new order prospecting rights on the properties Portion 3 of Uitvalgrond 431 JQ and the 
remaining extent of Doornpoort 295 JR, and a contested mining right application on the farms Syferfontein 430 JQ and 
Portion 2 of Uitvalgrond 431 JQ (together “The Brits Properties”). 

These properties are adjacent to the Vametco Alloys and several other potential vanadium processing facilities. The Portion 
3 of Uitvalgrond 431 JQ is immediately along strike from the Vametco Mine and historical drilling has indicated a the Main 
Magnetite Layer  (“MML”) to be around 2m thick and with grades of about 1.6% V2O5. We also understand that this material 
is outcropping in the project area. The footwall on the MML on Uitvalgrond 431 JQ contains two additional magnetite 
gabbro units – the upper 8-12 m thick layer contains 37-40% magnetite, with ±1.9% V2O5 in magnetite. The lower 7-8 m 
magnetite gabbro contains ±40% magnetite and has magnetite V2O5 in excess of 2%.  

Bushveld Energy 

On the 18th of January 2016 Bushveld announced the establishment of Bushveld Energy Limited (“Bushveld Energy”), a 
new business focused on developing and promoting the role of vanadium in the growing global energy storage market 
through application in vanadium redox flow batteries (VRFBs). 

Bushveld Energy will be an 84% owned subsidiary of Bushveld Minerals and be focused on supporting vanadium demand 
for VRFB’s. Bushveld believes that the energy storage market is at a tipping point and presents an attractive commercial 
opportunity in its own right, with VRFB’s being well placed to take a significant share of the utility scale energy storage 
market. 

Mikhail Nikomarov has been appointed Bushveld Energy CEO designate and comes with a dedicated management team 
with extensive energy and energy storage experience.  Mikhail Nikomarov will have a 16% shareholding in Bushveld Energy. 
The objective of Bushveld Energy is to install several VRFB systems during 2016, build awareness of the VRFB proposition 
and, in the medium term, establish local assembly and manufacturing capacity, thus creating a captive market opportunity 
for Bushveld produced vanadium in the form of electrolyte.      
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VALUATIONVALUATIONVALUATIONVALUATION    

Background 

Bushveld Minerals has been valued on the basis of its Mokopane Vanadium Project.  We have based our evaluation on the 
proposed mining rate of 1 million tonnes of ore per year grading 1.41% V2O5. Given the current state of the iron ore and 
steel markets we have assumed that only the vanadium product is sold and that the iron and titanium rich calcine, produced 
as a by-product are stockpiled and remain unsold. 

Valuation Technique 

We have valued the Mokopane Vanadium Project using Net Present Values. Our valuation is based only on the mining of 
30.67Mt of the deposit, giving a mine life of 29 years. We have modelled the operation on a quarterly basis for the first 10 
years of the proposed 29 year project life. The operation is then modelled on a half-yearly basis until 2040. The mine and 
the salt reduction plant are modelled as two distinct entities and modelled ungeared.  All the debt is in the model at the 
company level. 

We have assumed that the mine starts production in the third quarter of 2018 and reaches its designed output of 1Mt pa 
until the 2020. The plan is based on a fairly constant strip ratio of 2.51:1 for the first five years before increasing to 6.1:1 as 
the pit gets deeper.  

 
The assumptions used for the mine are: 

Vanadium Price US$7.50/lb 

Vanadium grade 1.41% 

Recovery                    83.4% 

Mining Rate 1.0Mtpa 

Strip ratio 
Vanadium recovery 
Concentrate produced 
Concentrate grade(%V2O5) 

5.3:1 
83.5% 
168.2Kt pa 
1.75% 

Discount rate 10% 

Overburden removal 
Ore mining 
Processing cost 

R20.12/t 
R18.66/t 
R121.13/t 

Opex(per tonne ore) R295/t 

Government Royalty 7.0% 

Tax 28% 

Initial Capex 
 

R1B 
US$91.8M 

Sustaining capex R400M life of mine 

The assumptions used for the Salt Roast Plant are: 
 

Vanadium price US$7.50/lb 

Vanadium feed Grade (%V2O5) 1.75% 

Vanadium recovery 80.5% 

Processing rate 673Kt pa 

Operating cost (US$/t V2O5) 9,155 

Rand:US$ exchange rate 19.23 

Government Royalty 1.0% 

Tax 28% 

Initial Capex 
 

US$227.8M 
R2,665M 

Sustaining capex R894M life of plant 

On this basis, and using a 10% discount rate, we value the mine at US$83.9M and the salt processing plant at US$226.5M 
for 100% of the project and equity funded.  
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Potential Upside 

In the Brandon Hill modelling, we have assumed that the Rand continues to devalue against the US dollar from the current 
exchange rate of 14.1 until it reaches 20 in 2020. With the vanadium flakes and concentrate selling in US dollars and all 
costs in Rand, the model is very sensitive to the exchange rate. Under the current market and political conditions, it is 
difficult to see the Rand doing anything other than weaken which will improve margins. 

In our model, we have assumed that the iron and titanium rich calcine remains unsold over the life of the operations. 
Although the grades are reasonable for this type of material and there are well established processing routes for the 
calcine, under the current market conditions, we thought it best to assume that this material remains unsold. Under the 
current plants, this calcine is planned to be mixed with other residue streams for disposal. 

At the Mokopane Project’s Pamish mine there are plenty of ore resources and we believe it would be possible to expand 
the mine and produce more vanadium concentrate. This would probably require concentrate sales. The reason for this is 
that the key component of a Salt Processing plant is the kiln and this has been carefully matched with the mine production. 
Any increase in V2O5 flake production would probably necessitate buying a new kiln and doubling the size of the plant.  

The plan is to produce a 99.5% V2O5 concentrate, whereas the standard vanadium concentrate runs 98% V2O5.In theory, 
the higher grade concentrate should sell at a premium, but none has been included in the revenue calculations. In 
particular, we believe that the higher grade concentrate should find acceptance in the vanadium-redox battery market. 

There is also the potential to feed higher grade material into the salt plant kiln. This may take the form of bought in 
concentrates or vanadium slags, but the easiest and probably cheapest route for Bushveld is to mine the A-B Zone. This 
concentrates to V2O5 grades of 2% and higher and could be used to raise the overall grade of the concentrate being fed 
to the salt roast plant thus increasing V2O5 production. 

 

Exhibit 18: NPV Sensitivity to Discount Rate 

Discount rateDiscount rateDiscount rateDiscount rate    US$MUS$MUS$MUS$M    

0.00% 970.3 

5.00% 460.7 

7.50% 324.5 

10.00% 230.3 

12.50% 163.5 

15.00% 115.1 
Source:Source:Source:Source:    Brandon HillBrandon HillBrandon HillBrandon Hill    

    



 

Bushveld Minerals Ltd  Re-Initiating Coverage 

    

17 February 2016 

 

 
Brandon Hill Capital  24

 

FINANCIAL SUMMARYFINANCIAL SUMMARYFINANCIAL SUMMARYFINANCIAL SUMMARY    

 

Bushveld Minerals Bushveld Minerals Bushveld Minerals Bushveld Minerals Current: 2.625p

BMN (AIM)
December year-end 2015 2016F 2017F 2018F 2019F 2020F 2021F SHARE PRICE PERFORMANCE

PROFIT & LOSS (US$ M)

Sales revenue 0.0 0.0 0.0 18.2 117.7 202.7 207.4

Dividends received 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other revenue 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Operating costs 2.2 1.9 1.9 8.6 50.5 86.3 84.0

Exploration write off 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Depreciation/amortisation 0.0 0.0 0.0 5.6 37.9 48.4 40.1

Other expenses 0.7 0.0 0.0 0.0 0.0 0.0 0.0

EBIT (2.9) (1.9) (1.9) 4.0 29.4 68.0 83.3

Net interest expense (0.2) (0.0) 0.3 1.7 2.2 1.3 0.2

Pre-tax profit (2.8) (1.9) (2.2) 2.3 27.1 66.7 83.1

Income tax expense (0.1) (0.5) (0.6) 0.6 7.6 18.7 23.3

Minorities, pref divs (0.2) (0.5) (0.6) 0.6 7.0 17.3 21.5

NPAT (inc significant items) (2.4) (0.9) (1.0) 1.0 12.5 30.8 38.3

NPAT (equity) (2.4) (0.9) (1.0) 1.0 12.5 30.8 38.3

Significant Items (post tax) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NPAT (exc significant items) (2) (1) (1) 1 13 31 38

DIVISIONAL EBIT (US$ M) 52-week low/high GBp 4.50/2.05

Bushveld Vanadium 0 0 0 6 14 20 26 Market value £M 12.8

Salt Plant 0 0 0 0 17 50 59

Valuation HJ16 NPV @% value

Bushveld Vanadium (US$ M) 69.9 100% 69.87

Salt Plant (US$ M) 160.4 100% 160.38

Total Divisional EBIT (3) (2) (2) 4 29 68 83

CASHFLOW (US$ M)

EBITDA (2.9) (1.9) (1.9) 9.6 67.2 116.5 123.4 Hedging (US$ M) 0.0

Exploration write off 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Exploration (US$ M) 0.0

Tax paid 0.1 0.5 0.6 (0.6) (7.6) (18.7) (23.3) Corporate/Other (US$ M) 42.1

Working capital / other 3.9 0.5 0.5 (1.1) (7.7) (17.7) (21.6) Total (US$ M) 272.4

Gross operating cash flow 1.1 (0.9) (0.8) 7.9 52.0 80.1 78.5 Less net debt (cash) (US$ M) -4.5

Capex / exploration (2.4) (3.5) (83.4) (69.8) (16.2) (5.3) (2.8) Valuation (US$ M) 276.9

Net investments (1.1) 0.0 0.0 0.0 0.0 0.0 0.0 Total diluted shares (M) 520.8

Other investing (0.0) 0.0 0.0 0.0 0.0 0.0 0.0 Valuation per share (US¢) 53.2

Free cash flows (2.4) (4.4) (84.2) (62.0) 35.7 74.8 75.7

Change in net debt 2.7 4.4 84.5 63.2 (34.1) (73.9) (75.6)

Equity raised (0.5) 0.0 0.0 0.0 0.0 0.0 0.0 SENSITIVITY -10% -5% +5% +10%

Dividends paid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 valuation (US¢) for % change in

Other financing 0.2 0.0 (0.2) (1.2) (1.6) (0.9) (0.1) Capex 5.7% 2.8% -2.8% -5.7%

Financing cash flows 2.4 4.4 84.2 62.0 (35.7) (74.8) (75.7) Operating costs 10.0% 5.0% -5.0% -10.0%

Vanadium -17.2% -8.6% 8.6% 17.2%

BALANCE SHEET (US$ M) Vanadium concentrate -5.6% -2.8% 2.8% 5.6%

Cash & deposits 4.5 0.1 (84.3) (147.5) (113.4) (39.5) 36.1 South African Rand -5% -2% 2% 5%

Trade debtors 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PPE 0.6 4.1 87.5 151.8 130.1 87.0 49.7 2015 2016F 2017F 2018F

Exploration 56.6 56.6 56.6 56.6 56.6 56.6 56.6 Diluted shares on issue 486.3 486.3 486.3 486.3

Other assets 1.1 1.1 1.1 1.1 1.1 1.1 1.1 EPS pre amortisation (c) (0.5) (0.2) (0.2) 0.2

Total assets 62.8 61.9 60.9 61.9 74.5 105.2 143.5 EPS growth (%) NA (0.6) 0.2 (2.0)

Current borrowings 0.0 0.0 0.0 0.0 0.0 0.0 0.0 PER (x) 0.0 0.0 0.0 0.0

Non-current borrowings 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Enterprise value (US$ M) * 45.5 49.9 134.3 197.5

Other liabilities 0.0 70.6 70.6 70.6 70.6 70.6 70.6 EV*/EBITDA (x) (27.9) (5.9) 6.9 4.6

Total liabilities 70.6 70.6 70.6 70.6 70.6 70.6 70.6 ROA (%) -5.0% -3.1% -1.3% 1.9%

Total shareholders' equity (7.8) (8.6) (9.7) (8.6) 3.9 34.6 72.9 ROE (%) -9.4% 10.5% 11.3% -10.6%

Effective tax rate (%) 28.0% 28.0% 28.0% 28.0%

EQUITY PRODUCTION Net debt/equity (%) 57.9% 1.6% -873.5% -1712%

Bushveld Vanadium (kt) 0.0 0.0 0.0 195.2 417.3 429.5 430.6 Net debt/net debt+equity (%) 36.7% 1.6% 112.9% 106.2%

Salt Plant (kt) 0.0 0.0 0.0 0.0 2.8 5.9 6.1 Net interest cover (x) 17.0 41.6 -5.9 2.3

* forecasts based on current market cap

CASH COSTS

Bushveld Vanadium(US$/t) 0.0 0.0 0.0 427.3 427.2 433.5 422.8

Salt Plant (US$/t) 0.0 0.0 0.0 0.0 7,948.2 7,568 7,269

ASSUMPTIONS 2015 2016F 2017F 2018F 2019F 2020F 2021F

Vanadium (US$/kg) 0.0 0.0 0.0 0.0 15.4 16.5

Vanadium concentrate(US$/t) 0.0 0.0 0.0 0.0 26.7 59.6 74.5

South African Rand USDZAR 0.09 0.06 0.06 0.05 0.05 0.05 0.04

British Pound USDGBP 1.52 1.47 1.50 1.55 1.56 1.57 1.63

Note: the model is denominated in USD, which differs from the company accounts in GBP
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INVESTMENT INVESTMENT INVESTMENT INVESTMENT RISKSRISKSRISKSRISKS    

Commodity and Country 

Commodity and currency risks are often the biggest risks for a mining company. Bushveld is favoured with the selling price 
of vanadium denominated in US$ and the operating costs denominated in Rand. Whilst the price of vanadium is difficult 
to predict with any certainty, most currency forecasters’ believe that the Rand will continue to move lower and many are 
predicting it will move to around R20 to the dollar within a few years. 

Political/Country 

All countries in the world come with sovereign and legislative risks. Political risk is rising in South Africa where there is 
growing dissent with the ruling ANC party where there is perceived widespread corruption. Unless the ANC fractures, we 
see little chance of the opposition winning the next election although they are gaining supporters. The youth wing of the 
ANC has been calling for the nationalisation of the mining industry, but the current government is against this. The other 
major issue is the availability of electricity. This is currently in short supply and although steps have been taken to remedy 
the problems, it will not be until 2017 at the earliest that the problem is resolved.  

Geological 

Extensive drilling has been conducted on the orebody and it is JORC 2012 compliant. Much drilling was conducted on the 
orebody, firstly treating it as an iron orebody. The figures were then extensively reworked when it was realised that the iron 
ore price was in long term decline due to decreasing demand and over supply, whilst the low iron ore prices were impacting 
significantly on the ferrovanadium production. 

Timing 

The mine is due to commence ramping up in 2019. It normally takes two years to build mines. Therefore construction 
should start around the second quarter of 2017. Assuming all permits can be acquired before then, this is a very realistic 
time schedule, especially as there are no exotic pieces of kit at the mine or processing plant. The salt plant is a different 
matter. It is not currently scheduled to begin ramping up until 2020, a year after the mine. This is due to the long lead times 
associated with some of the major pieces of equipment required, especially the kiln. This gives three years to build the Salt 
Plant which we consider more than adequate. 

Funding 

Bushveld is proposing to bring in a joint venture partner to help fund the project. The balance is to be funded with a 
mixture of debt and equity. It has not been revealed who the potential partners are. 

Technical 

The mining and initial processing are straight forward. Both use well tried technology and are straightforward. The salt 
roast process is also a well-tested technology, but it does involve a kiln and temperatures north of 11000C. This adds a 
number of problems but we do not see this as the greatest risk for the project. 

Economic 

The funding of the project is seen as the largest risk, Bushveld will have to either acquire a joint venture partner, which is 
the preferred option or acquire a significant amount of debt. In the current economic environment this could be difficult, 
despite the expected strengthening in demand for vanadium. 
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APPENDIXAPPENDIXAPPENDIXAPPENDIX    AAAA    ––––    DIRECTORSDIRECTORSDIRECTORSDIRECTORS    & MANAGEMENT& MANAGEMENT& MANAGEMENT& MANAGEMENT    

Board Directors 

 
Ian WatsonIan WatsonIan WatsonIan Watson                    NonNonNonNon----Executive Executive Executive Executive ChairmanChairmanChairmanChairman    

Mr. Ian Clyde Watson, Pr. Eng., is the Non-Executive Chairman of Bushveld Minerals Limited. He is a qualified mining 
engineer with over 45 years' experience of the mining industry, which started with Goldfields South Africa. 

Ian 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. He has served in executive and non-executive roles in the mining sector where 
his roles have included: 

• Managing Director of Northam Platinum Limited from 1998 to 2002 

• Chief Executive Officer of Platmin Limited until December 1, 2009 

• Non-executive Director of International Ferro Metals Limited from April 2003 to November 2009 

• Independent Non-Executive Director of Shaft Sinkers Holdings Plc since November 2010 

He is member of the S.A. Institute of Mining and Metallurgy (SAIMM). Ian has obtained a national Diploma of Mining from 
the Witwatersrand Technical College, South Africa in 1968. 

 

Fortune MojapeloFortune MojapeloFortune MojapeloFortune Mojapelo            Chief ExecutiveChief ExecutiveChief ExecutiveChief Executive    OfficerOfficerOfficerOfficer    

Mr. Fortune Mojapelo is mining entrepreneur with a strong 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. 

Fortune 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 Limited (Iron-Ore), New Horizon Minerals (Iron Ore), Bushveld Platinum Limited (PGMs) and Eagle 
Resources Limited (Uranium) 

He is currently the Chief Executive Office of Bushveld Minerals Limited, a role he has held from the inception of the 
company. He also serves as a non-executive Director of ASX listed Lemur Resources Limited. 

His corporate career started at McKinsey & Company where as a strategy consultant he worked on advising clients in 
several industries on corporate strategy and organizational development. Fortune holds a B.Sc (Actuarial Science) degree 
from University of Cape Town 

 
Anthony ViljoenAnthony ViljoenAnthony ViljoenAnthony Viljoen            NonNonNonNon----ExecutiExecutiExecutiExecutive Directorve Directorve Directorve 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 relative bias towards mining exploration. 

He is currently the CEO of Bushveld Minerals subsidiary and ASX-listed Lemur Resources Limited, and is also a Non-
Executive Director of Bushveld Minerals Limited as well as MRT Group (Pty) Ltd Anthony 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 Uranium. 

Prior to getting involved with the mining industry, Anthony spent several years in investment banking and has previously 
worked at Deutsche Bank, Barclays Capital in London and Loita Capital Partners, a pan African investment-banking firm, in 
their Structured Trade and Project Finance division. 

Anthony graduated from the University of Natal, Pietermaritzburg with a Bachelor of Business and Agricultural Economics 
and a Post Graduate Diploma of Finance Banking and Investment Management. He is also is currently studying towards a 
Master’s degree in African Development Finance through the University of Stellenbosch. 
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Geoff SprouleGeoff SprouleGeoff SprouleGeoff Sproule            FinanceFinanceFinanceFinance    DirectorDirectorDirectorDirector    

Geoff 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 FriedlanderJeremy FriedlanderJeremy FriedlanderJeremy Friedlander            NonNonNonNon----Executive DirectorExecutive DirectorExecutive DirectorExecutive Director            

Jeremy has a BA LLB from the University of Cape Town and practiced as an attorney after completing his articles in Cape 
Town. 

He joined Old Mutual as a legal advisor and in 1993 established McCreedy Friedlander, which became one of the premier 
property in South Africa and negotiated with an association with Savills. 

In 1998 he listed McCreedy Friedlander as part of a financial services group on the JSE and shortly afterwards relocated to 
London. In the United Kingdom, Jeremy has beeen involved in a number of property transactions. More recently Jeremy 
was a director of Onslo Resources (Oil and Gas). He is business development director of a number of Avana Companies 
involved in Uranium, Coal, Gold and Gas and industrial minerals. 
 

Technical Team 

    

Prof. Richard ViljoenProf. Richard ViljoenProf. Richard ViljoenProf. Richard Viljoen    

Prof. R Viljoen, MSc, PhD, Wits, FGSSA, FSAIMM, FRSSA, FSEG, FGSI, Pr. Sc. Nat has over 30 years 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 development of a significant platinum deposit in the Bushveld complex for Akanani Resources, acting as consultant 
for exploration and mining companies in Canada, Mexico, Venezuela, India and China in the fields of base metals, gold 
and platinum. 

He has also completed a number of Competent Persons Report for projects including the Witwatersrand South Reef 
Project, Doornkop mine Project and the Uramin uranium Project. 

He is member of the S.A. Institute of Mining and Metallurgy (SAIMM). Ian has obtained a national Diploma of Mining from 
the Witwatersrand Technical College, South Africa in 1968.    

 
Prof. Morris ViljoenProf. Morris ViljoenProf. Morris ViljoenProf. Morris Viljoen                    

Prof. M Viljoen, MSc, PhD (WITS), FSEG, FGSSA, FSAIMM, FRSSA, Pr. Sc. Nat, has over 30 years’ experience in the mining 
industry following a role with JCI in base metals (including nickel, copper antimony, gold and platinum) exploration and 
mining in Southern Africa.  He is also a consulting geologist for Rustenburg Platinum Mines (now Anglo Platinum Limited). 
Moreover, he has held the position of Professor of Mining Geology at the University of Witwatersrand for the last 13 years 
and established the Centre for Applied Mining and Exploration Geology that identifies and develops mineral projects 
including the Amalia and Blaaubank lode gold deposits, the Akanani/Afri Ore platinum project, the Uramin Uranium 
Project. 

 
Tony EverittTony EverittTony EverittTony Everitt                Company SecretaryCompany SecretaryCompany SecretaryCompany Secretary    

Tony Everitt was awarded a BSc in Mathematics with Computer Science from Sussex University and went on to qualify as a 
Chartered Accountant in 1991. The next 10 years were spent gaining a wide range of accounting, taxation and auditing 
experience in an accountancy practice before being admitted as a partner in 2001. Utilising the business management skills 
attained, Tony left the partnership in 2005 to form his own accountancy practice where he continues to operate as a sole 
practitioner.   
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APPENDIX BAPPENDIX BAPPENDIX BAPPENDIX B    ––––    COMPANY COMPANY COMPANY COMPANY COMPARISON COMPARISON COMPARISON COMPARISON     
 

Largo Resources 

It is interesting to compare Bushveld with Largo Resources (“Largo”). Largo presents itself as a vanadium producer with a 
Tier-1 asset, management with operational expertise, the only pure play exposure to vanadium with a high grade low cost 
of production project. One of Largo’s major selling points is that it has a 6 year take or pay contract with Glencore. 

Comparing the 2 projects: 

 

 LargoLargoLargoLargo    BushveldBushveldBushveldBushveld    

Project Maracas Mokopane 

Reserves 13.1Mt @1.34% V2O5 28.5Mt @ 1.41% V2O5 

Resources 55Mt @ 0.95% V2O5 
284.8Mt @ 0.68% V2O5 including 
52Mt @ 1.4% V2O5 

Stripping ratio 6.27:1 5.33:1 

Plant capacity 1.4Mt pa 1Mt pa 

Vanadium recovery 72.50% 67.20% 

Capex US$355.7M US$298M 

Cash cost of production US$4.00/lb US$2.70/lb 

 

The two projects are very similar, although Largo takes there vanadium product through to ferro-vanadium. Both Brazil and 
South Africa have seen significant depreciation of their currencies in the past 12 months which is beneficial to operating 
costs. The Maracas project of Largo Resources benefits from having a high vanadium grade in the magnetite, around 3%, 
and low silica values which helps in the beneficiation process. 

Largo have given the average monthly costs for producing vanadium for 2015 and they vary a bit due to the plant 
undergoing a rather lengthy commissioning and the fluctuating value of the Real. Once the plant is operating at designed 
output rated, we anticipate that their cash costs will reduce and we expect them to be much closer to US£2.90/lb. 

The cash costs for Bushveld’s Mokopane project are based on a US$:ZAR exchange rate of 12.75. This is currently 16.0 and 
most commentators expect it to head towards 20. We should therefore expect their operating costs to be lower than the 
current headline figure. 

From the studies we have seen, the Mokopane project appears to be far more homogenous grade wise although the 
stripping ratio does rise from 2.51 in the first 5 years to 5.33 life of mine. 

In comparison, the Maracas project is a series of pits with phase 1 of the Gulcari providing approximately the first ten years 
feed and it is the highest grade ore available, 1.34% V2O5 at the project and has a low 2:1 strip ratio. Phase 2 of the Gulcari 
pit, which provides the next 8 years of plant feed has a grade of 1.24% V2O5 and a strip ratio of 12:1. After that, the grade 
drops to below 1% V2O5 and the strip ratio averages around 6.6:1. 
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Research Disclosures 

 

Peter Rose 
Peter has 30 years’ experience in equities as a resources analyst; he has been at Brandon Hill Capital, formerly Fox-Davies 

Capital for 7 years. Prior to that he spent 11 years with Deutsche Bank in Australia. Prior to this he spent 2 years with 

Prudential Bache and 6 years with James Capel. Peter's industry experience includes 16 years as a metallurgist, 3 years with 

De Beers in South Africa and 8 years in the uranium industry, 5 of which were spent at the Ranger Uranium mine. Peter 

holds a BSc degree in Applied Mineral Science from Leeds University UK and a Bachelor of Commerce from the University 

of South Africa. Peter is also a member of the Institute of Materials, Mining & Metallurgy and a chartered engineer. 

+44 (0)203 463 5034 

Peter.Rose@brandohillcapital.com 

 

Investment Analyst Certification 

All research is issued under the regulatory oversight of Brandon Hill Capital Limited. Each Investment Analyst of Brandon 
Hill Capital Limited 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. 

Brandon Hill Capital Limited provides professional independent research services and all Analysts are free to determine 
which assignments they accept, and they are free to decline to publish any research notes if their views change. 
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RESEARCHRESEARCHRESEARCHRESEARCH    DISCLAIMERSDISCLAIMERSDISCLAIMERSDISCLAIMERS    

Research disclosure as of 17 February 2016 

 

CompanyCompanyCompanyCompany    NameNameNameName    DisclosureDisclosureDisclosureDisclosure

Bushveld Minerals Ltd 1,2,7 

Investment Research Disclosure Legend: 

1. In the past 12 months, Brandon Hill Capital Limited 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. 

2. Brandon Hill Capital Limited expects to receive or intends to seek compensation for Corporate Finance services 

from this company in the next six months. 

3. 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. 

4. 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. 

5. 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, Brandon Hill Capital Limited and / or its affiliates beneficially 

owned 1% or more of any class of common equity securities of the Relevant Issuer. 

6. A senior executive or director of Brandon Hill Capital Limited or a member of his or her household is an officer, 

director or advisor, board member of the Relevant Issuer and / or one of his subsidiaries. 

7. Brandon Hill Capital Limited acts as corporate broker for the Relevant Issuer. 

The Investment Analyst who is responsible for the preparation of this Investment Research is employed by Brandon Hill 

Capital Limited, a securities broker-dealer. 

The Investment Analyst who is responsible for the preparation of this Investment Research has received (or will receive) 

compensation linked to the general profits of Brandon Hill Capital Limited. 

 

Research Recommendations 
Brandon Hill Capital uses a five-tier recommendation system for stocks under coverage: 

BuyBuyBuyBuy  Recommendation implies that expected total return of at least 15% is expected over 12 months 

between current and analysts’ target price. 

TradingTradingTradingTrading    BuyBuyBuyBuy        Recommendation implies that the analysts’ expected total return over the short term compared 

against the target price is positive. 

HoldHoldHoldHold  Recommendation implies that expected total return of between 15% and zero is expected over 12 

months between current and analysts’ target price. 

TradingTradingTradingTrading    SellSellSellSell  Recommendation implies that the analysts’ expected total return over the short term compared 

against the target price is negative. 

SellSellSellSell  Recommendation implies that expected total return expected over 12 months between current and 

analysts’ target price is negative. 
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Disclaimer: Important Information  

This document is not independentThis document is not independentThis document is not independentThis document is not independent and should not be relied on as an impartial or objective assessment of its subject matter. Given the foregoing, 

this document is deemed to be a marketing communication and as such has not been prepared in accordance with legal requirements designed 

to promote the independence of investment research and Brandon Hill Capital Limited is not subject to any prohibition on dealing ahead of 

dissemination of this document as it would be if it were independent investment research. 

This document has been issued by This document has been issued by This document has been issued by This document has been issued by BBBBrandon Hill Capitalrandon Hill Capitalrandon Hill Capitalrandon Hill Capital    Limited for information purposes onlyLimited for information purposes onlyLimited for information purposes onlyLimited for information purposes only and should not be construed in any 

circumstances as an offer to sell or solicitation of any offer to buy any security or other financial instrument, nor shall it, or the fact of its distribution, 

form the basis of, or be relied upon in connection with, any contract relating to such action. This document has no regard for the specific 

investment objectives, financial situation or needs of any specific entity. Brandon Hill Capital Limited and/or connected persons may, from time 

to time, have positions in, make a market in and/or effect transactions in any investment or related investment mentioned herein and may provide 

financial services to the issuers of such investments. The information contained herein is based on materials and sources that we believe to be 

reliable, however, Brandon Hill Capital Limited makes no representation or warranty, either express or implied, in relation to the accuracy, 

completeness or reliability of the information contained herein. Opinions expressed are our current opinions as of the date appearing on this 

material only. Any opinions expressed are subject to change without notice and Brandon Hill Capital Limited is under no obligation to update the 

information contained herein. None of Brandon Hill Capital Limited, its affiliates or employees shall have any liability whatsoever for any indirect 

or consequential loss or damage arising from any use of this document. 

This report has been approved in the UK by Brandon Hill Capital Limited solely for the purposes of section 21 of the Financial Services and Markets 

Act 2000.  In the UK, this report is directed at and is for distribution only to persons who (i) fall within Article 19(1) (persons who have professional 

experience in matters relating to investments) or Article 49(2) (a) to (d) (high net worth companies, unincorporated associations, etc.) of the 

Financial Services and Markets Act 2000 (Financial Promotions) Order 2005 (as amended) or (ii) are professional clients or eligible counterparties 

of Brandon Hill Capital Limited (all such persons together being referred to as “relevant persons”).  This report must not be acted on or relied up 

on by persons in the UK who are not relevant persons. 

Neither this report nor any copy of part thereof may be distributed in any other jurisdictions where its distribution may be restricted by law and 

persons into whose possession this report comes should inform themselves about, and observe any such restrictions. Distribution of this report in 

any such other jurisdictions may constitute a violation of UK or US securities law, or the law of any such other jurisdictions. 

Investments in general involve some degree of risk, including the risk of capital loss. The services, securities and investments discussed in this 

document may not be available to nor suitable for all investors. Investors should make their own investment decisions based upon their own 

financial objectives and financial resources and, if in any doubt, should seek advice from an investment advisor. Past performance is not necessarily 

a guide to future performance and an investor may not get back the amount originally invested. Where investment is made in currencies other 

than the investor’s base currency, movements in exchange rates will have an effect on the value, either favourable or unfavourable. Levels and 

bases for taxation may change. When we comment on AIM or ISDX shares you should be aware that because the rules for those markets are less 

demanding than the Official List of London Stock Exchange plc, the risks are higher. Furthermore, the marketability of these shares is often 

restricted. 

Brandon Hill Capital Limited and/or its associated companies may from time-to-time provide investment advice or other services to, or solicit such 

business from, any of the companies referred to in this document. Accordingly, information may be available to Brandon Hill Capital Limited that 

is not reflected in this material and Brandon Hill Capital Limited may have acted upon or used the information prior to or immediately following 

its publication. In addition, Brandon Hill Capital Limited, the directors and employees thereof and/or any connected persons may have an interest 

in the securities, warrants, futures, options, derivatives or other financial instrument of any of the companies referred to in this document and may 

from time-to-time add or dispose of such interests. Neither the whole nor any part of this material may be duplicated in any form or by any means. 

Neither should any of this material be redistributed or disclosed to anyone without the prior consent of Brandon Hill Capital Limited. Brandon Hill 

Capital Limited is authorised and regulated by the Financial Conduct Authority and is a member of the London Stock Exchange. 

Brandon Hill Capital Limited may distribute research in reliance on rule 15a-6(a)(2) of the Securities and Exchange Act 1934 to persons that are 

major US Institutional investors, however, transactions in any securities must be effected through a US registered broker-dealer.  Any failure to 

comply with this restriction may constitute a violation of the relevant country’s laws for which Brandon Hill Capital Limited does not accept any 

responsibility. By accepting this document you agree that you have read the above disclaimer and to be bound by the foregoing 

limitations/restrictions. 

Please note that unless otherwise stated, the share price used in this publication is taken at the close of business for the previous day. 
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