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TNG Limited (ASX: TNG)

Update - April 2018

ADVANCING TO DEVELOPMENT
Subsequent to our  November 2017 initiation, TNG Limited (“TNG” or “the Company”) has made 
significant progress towards a planned mid-2018 Final Investment Decision (“FID”)for its 100% 
owned Mount Peake Vanadium-Titanium-Iron Project (“Mount Peake” or “the Project”), located in 
the Northern Territory (“NT”) of Australia.

In our view  a key advance has been in the development of a simplified TiO2 pigment concentrate 
production circuit, to allow concentrate to be produced directly from the residue of the TIVAN™ 
process, rather than going through an intermediate stage. This process, which has been developed 
in association with lead consultants, should lead to capital and operating cost reductions, and help 
advance negotiations for titanium offtake (our modelling indicates that titanium products provide 
some 60% of the revenue of Mount Peake); securing titanium product offtake will be critical in 
obtaining finance for the development of Mount Peake.

Both mine and plant site permitting have also advanced, with the Company expecting grant of 
the Mount Peake Mining Lease (“ML”) in mid-2018; this is subject to pre-existing requirements 
including finalisation of a Mining Agreement with the Central Lands Council, for which negotiations 
are near completion. The Environmental Impact Assessment (“EIA”) for the mine site has been 
approved by the NT Government, and Environmental Impact Study (“EIS”) work for the Darwin 
plant site is also expected to be completed in the next few months.

Progress has also been made on project implementation, with key consultants being appointed 
over recent weeks.

KEY POINTS
Titanium pigment process developed: The Company, in associated with technical consults METS, 
SMS, and the CSIRO, has developed a  high purity TiO2 pigment process directly utilising the 
residue of the proprietary TIVAN™ process, which itself extracts the vanadium and iron from the 
concentrate feedstock.

Cost and Revenue benefits: Although no figures have been provided as yet by TNG, this simplified 
processing, largely using widely used off the shelf technology, is expected to result in lower capital 
and operating costs, improving the economics of an already robust project.

Offtake and financing benefits: Securing offtake for TiO2 products will result in offtake agreements 
being in place for all three product lines; this is vital in obtaining financing for the Project, with 
financing negotiations currently progressing with a number of options being explored.

Environmental permitting advancing: The NT Government has approved the EIA for the Mount 
Peake mine site, with this now in the hands of the Federal Government for a final determination 
which is expected following standard processing times; in addition the Darwin plant site EIS is 
underway with the contract being awarded to experienced environmental consultants.

Mining Lease grant expected soon: The expected mid-2018 granting of the Mining Lease (“ML”) 
is predicated on, in part, the signing of a Mining Agreement with the Traditional Owners - this 
agreement is progressing well, with the Company expecting finalisation in the next month or two.

Key implementation consultants appointed: The appointment of Como Engineers, McMahon 
Services and Clough Projects (all well regarded and experienced groups) will allow the Company to 
now commence project implementation activities in anticipation of a positive FID.

Strong vanadium and titanium markets, investor interest returns: Both titanium and vanadium 
markets have improved significantly over recent months; in particular vanadium has improved 
markedly, with V2O5 prices recently reaching over US$30/kg, up from lows of US$10/kg in early 
2016. The main driver to date has been a deficit in vanadium markets; this has also led to strong 
renewed investor interest in vanadium with this interest also driven by forecast demand increases 
for use in vanadium redox flow batteries (“VRFB”).

News flow from significant events: All going well, we would expect news flow regarding 
significant advances, largely related to permitting, offtake and financing over the coming months 
leading to the FID.

VALUATION SUMMARY
We have increased our base case, risked target price per share from A$0.41 to A$0.51. This is due 
to our increase of the risk factor from 60 to 65% given recent activities, and an increase in our 
forecast vanadium prices.

 TNG indicative base case valuation

Asset Value (A$m) Risk Factor Risked Risked/Share  Notes

Mount Peake $1,877 65% $1,220 $0.507 Post-tax NPV8 

Cash $4.83 100% $4.83 $0.002 As at December 31, 2017

Todd River Holding $0.77 100% $0.77 $0.000 Current

Total $1,883 N/A $1,226 $0.510

The  investment opinion in this report is current as 
at the date of publication. Investors and advisers 
should be aware that over time the circumstances 
of the issuer and/or product may change which 
may affect our investment opinion.



2

TNG Limited (ASX: TNG)

Independent Investment Research 

ACTIVITIES UPDATE
�� The report presents an update to our initiation report published in November 2017, and 

available from IIR’s and the Company’s websites.

�� TNG’s strategy is the development of Mount Peake, which includes the mine and 
concentration plant near Alice Springs, and the planned TIVAN™ processing plant in 
Darwin (a key part of the strategy) - concentrate will be trucked 80km from the mine site 
and then railed 1,180km to Darwin for downstream processing (Figure 1).

�� The 100% TNG-owned TIVAN™ is a proprietary hydrometallurgical process, initially 
developed by TNG, Perth based Metallurgical Engineering Technical Services (“METS”) 
and the Commonwealth Scientific and Industrial Research Organisation (“CSIRO”), 
designed to extract high purity vanadium, titanium and iron oxide products from 
titaniferous magnetite concentrates; subsequent work has been carried out in 
conjunction with the SMS Group (“SMS”) a major European based global metallurgical 
engineering group.

�� The updated DFS, released in November 2017 and presented in our initiation report 
envisages a 17 year production term, producing a total of 243kt of V2O5, 10.6Mt of Fe2O5 
and 3.5Mt of TiO2 pigment for an estimated up front capital cost of A$853 million - the 
study resulted in a pre-tax, unfunded NPV8 of A$4.7 billion.

�� On the technical side, activities subsequent to our initiation report have been focussed 
largely on metallurgy, and on the non-technical side offtake, permitting, financing and 
project implementation - significant and important advances have been made on all of 
these fronts, further de-risking and adding impetus to the Project.

�� In addition, we would expect major progress over the next few months, with the FID 
expected by mid-year.

Figure 1: Project location map

Source: TNG

TITANIUM PIGMENT PRODUCTION PROCESS

�� On February 26, 2018, the Company announced that it had developed a process for 
streamlining production of high grade TiO2 concentrate suitable for use in pigments.

�� The updated Feasibility Study, completed in November 2017, envisaged a two-stage 
process:

–– Treatment of the TIVAN™ residue to an intermediate 65% TiO2 product; and,

–– Additional chloride processing to refine the 65% TiO2 product to a +92.5% pigment 
grade concentrate.

�� The new process, developed by TNG and consultants METS, SMS and the CSIRO has, 
on a bench scale, produced high grade TiO2 suitable for use as a pigment concentrate 
directly from residue from the proprietary hydrometallurgical TIVAN™ process using a 
modified sulphate processing route.
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�� The residue is the material left over after the vanadium and iron has been removed by the 
TIVAN™ process, and provides a low impurity and low iron feedstock for the modified 
sulphate pigment process developed by the Company.

�� One of the benefits of this process when compared to the standard sulphate process 
is, due to the low iron content, the potential to minimise the environmental impact due 
to the low amount of iron sulphate waste - the standard process, which treats ilmenite 
(FeTiO3) or similar minerals using sulphuric acid, has appreciable amounts of the acidic 
iron sulphate as a waste product that needs to be disposed of, and provides a potential 
environmental hazard.

�� The standard sulphate process is “off the shelf” technology, having been originally 
developed in 1931, and being widely used since then.

�� This development has potential key advantages:

–– Reduction in operating costs, capital costs and plant complexity when compared 
against the original planned process, and critically,

–– Allowing TNG to further advance TiO2 offtake discussions by confirming the potential 
pigment type.

OFFTAKE AND FINANCING

�� As mentioned above, the recently developed pigment process has given more certainty 
to ongoing negotiations for TiO2 concentrate offtake, with offtake agreements required 
for project financing - our modelling suggests that TiO2 products will potentially provide 
~60% of the revenue stream for Mount Peake.

�� The Company currently has an MoU in place with global TiO2 trader Wogen for Life-of-
Mine (“LOM”) marketing and sales of TiO2 products, and TNG’s continuing  discussions 
on offtake with Wogen and other producers and end users of pigment products.

�� Offtake agreements currently in place include:

–– A Binding LOM Offtake Agreement for 60% of vanadium products with WOOJIN 
Metals of South Korea (this incorporates a “Technology Transfer Agreement whereby 
TNG has access to WOOJIN’s V2O5 to ferrovanadium production technology, with a 
view to installing this on site); and,

–– A Binding Term Sheet with global trader Gunvor for the LOM offtake of a minimum of 
60% of the iron products; the Company is continuing discussions with  other parties 
for the remaining 40% of forecast production.

�� With regards to financing, given the partnership with the German SMS Group, TNG has 
the potential for funding through German export credit banks.

�� As part of this, the Company has had preliminary discussions with the Government 
owned IPEX-Bank GmbH, with the bank providing an expression of interest to conduct 
further due diligence which may lead to a mandate for financing.

�� Other debt finance providers approached include the North Australian Infrastructure Fund 
(“NAIF”) and EFIC, Australia’s Export Credit Finance Agency - discussions with these 
groups are early stage and any potential involvement in funding the Project is currently 
unknown.

PERMITTING

�� One of the key aspects of project development is permitting, with the Company making 
significant progress on this aspect.

�� Critically, the Northern Territory Environmental Protection Agency (“NTEPA”) has provided 
an approved Assessment Report for the Mount Peake mine site, with this completing the 
EIA process for this part of the planned operations.

�� This Assessment Report has now been lodged with the Commonwealth Department of 
Environment and Energy (“DoEE”) for their assessment - this is currently ongoing.

�� Finalisation will allow the Company to move into obtaining the Mining Approval, which 
includes finalisation and lodgement of the Mine Management Plan (“MMP”) - this will 
incorporate recommendations made by the NTEPA in relation to the Assessment Report. 

�� Other ongoing permitting activities include the Mount Peake Mining Agreement with the 
Central Land Council (CLC), the representatives of the Traditional Owners.

�� This has been in progress for ~12 months, and the Company has stated, in an 
announcement made on March 6, 2018, that this is expected to be finalised in April 2018.



4

TNG Limited (ASX: TNG)

Independent Investment Research 

�� The completion of the EIA, MMP and the Mining Agreement will pave the way for 
granting of the Mining Lease, which the Company expects by mid-2018.

�� The EIS for the proposed Darwin plant site has recently commenced with Perth based 
specialist environmental group Animal Plant Mineral (“APM”) being appointed to oversee 
this process following their completion of the mine site EIS.

�� It is expected that this work will be completed in coming months.

PROJECT IMPLEMENTATION

�� Three significant project implementation steps have been made since our initiation report 
- these include the commissioning of an alternative energy study for the Mount Peake 
mine and Darwin processing sites, the signing of a strategic agreement for the provision 
of engineering, procurement and construction (“EPC”) services for Mount Peake and the 
appointment of the lead consultant for Project Management of construction of various 
facilities at the mine site.

�� The alternative energy study has been made with Energy Made Clean (“EMC”), a wholly 
owned subsidiary of ASX-listed Carnegie Clean Energy (ASX: CCE); this follows on from a 
previous MoU.

�� The study will assess the viability of using alternative energy sources at Mount 
Peake, including VRFBs and other alternative technologies; this will also investigate 
the possibility of obtaining funding through the Australian Renewable Energy Agency 
(“ARENA”).

�� As part of the alternative energy strategy, the Company is working with a leading global 
VRFB manufacturer for the supply of suitable batteries.

�� Successful implementation of alternative energy sources has the potential to significantly 
decrease energy operating costs.

�� On the EPC side, the Company has signed a strategic co-operation agreement with 
McMahon Services (“McMahon”) and Clough Projects (“Clough”) to provide services at 
Mount Peake.

�� This will see these leading Australian based EPCM managers form a joint venture (the 
McMahon Services Clough JV) which will initially carry out a full review of the November 
2017 updated FS to evaluate the preliminary construction management and procurement 
contracting services required for the Project - this will be undertaken together with SMS.

�� Como Engineers Pty Ltd (“Como”) has been appointed as the lead consultant for 
project management of the construction of the Mount Peake concentrator and key 
infrastructure; this will involve the creation of a steering committed to allow TNG to retain  
overall control of the Project whilst securing project management and technical support 
from Como.

VRFB POTENTIAL

�� One of the forecast demand drivers for vanadium is in the VRFB sector (refer to section 
on vanadium below), with TNG ideally placed to take advantage of this expected growth.

�� The Company has already demonstrated that the V2O5 flake product from the  TIVAN™ 
process is suitable for VRFB electrolyte, and as such the Company is looking to create 
relationships and alliances with VRFB manufacturers and “green” energy faculties.

�� As discussed above the Company is also investigating using VRFBs to provide on-site 
power.

SUMMARY OF PLANNED ACTIVITIES

�� Upcoming activities will be concentrated on permitting, offtake and financing.

�� On the permitting fronts, the following timelines, as stated earlier, are expected:

–– DoEE approval of the Approved Study - expected following standard processing 
times,

–– Mining Agreement - CLC - April, 2018,

–– Mining Lease approval - Mid-2018, and,

––  Darwin plant site EIS - coming months.

�� Offtake and financing activities and discussions are progressing, including on the key 
titanium dioxide offtake.
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�� On the metallurgical  front both the mine site concentration and Darwin-based TIVAN™ 
processing are now optimised to produce the three key product streams; ongoing 
work now will include Final Engineering and Design (“FEED”) work based on the final 
optimised TIVAN™ flowsheet and concentrate specifications.

VALUATION
�� We have updated  our valuation for TNG, including a risked DCF valuation for Mount 

Peake, and current valuations for cash and holdings in Todd River Resources - our base 
case valuation is shown in Table 1 - this is post tax, uses a conceptual funding scenario 
(70% debt, 30% equity) and uses conservative metals prices.

�� As for our November 2017 valuation, inputs are largely those as provided by TNG; the 
only changes from our 2017 valuation and the one presented here are an increase in 
vanadium pentoxide price from US$14,000/tonne to US$16,500/tonne, an increase in the 
risk multiplier for Mount Peake from 60% to 65% to reflect progress, and actual changes 
in the values of cash and the Todd River holding.

Table 1: TNG indicative base case valuation

 TNG indicative base case valuation

Asset Value (A$m) Risk Factor Risked Risked/Share  Notes

Mount Peake $1,877 65% $1,220 $0.507 Post-tax NPV8 

Cash $4.83 100% $4.83 $0.002 December 31, 2017

Todd River Holding $0.77 100% $0.77 $0.000 Current

Total $1,883 N/A $1,226 $0.510

Diluted Shares 2,405 m Tax Status Post Tax 30% equity funding

Mount Peake Prices V2O5 Pig Iron TiO2 AUD:USD

$15,000/t $350/t $3,000/t 0.75 IIR scenario

Source: IIR analysis

�� Table 2 highlights the similarities in our pre-tax value using TNG’s forecast metal prices to 
the results as presented in the updated DFS, and also shows the effect of the different 
pricing scenarios, with the NPVs using the TNG scenario being around double those 
using the conservative IIR scenario - this multiplier can be applied to all subsequent 
figures, including sensitivity tables - prices used by the Company in the updated FS were 
US$22,400/tonne for V2O5, US$3,500/tonne for titanium pigment and US$410/tonne for 
pig iron, and are based on independent forecasting.

�� We note that the figures in Table 2 are using funded scenarios, however our unfunded 
pre-tax value using TNG’s metals prices is ~A$4.5 billion, within 4% of the A$4.7 billion 
figure released by TNG.

�� We have based our metal prices on the following (we do not have access to the 
confidential forecasts as used by the Company, and on which their prices are based):

–– V2O5 - average real prices over the past 14 years (this is updated from US$14,000/
tonne in our November 2017 report to US$16,500/tonne now),

–– Pig iron - average prices since 2011 (unchanged at US$350/tonne), and,

–– TiO2 - recent prices (unchanged at US$3,000/tonne), which are representative of real 
prices over the last 15 years, discounting the sharp spike in 2011/2012.

�� Although there has been a significant recent appreciation in the price of vanadium to over 
US$30,000/tonne, our view is that the price we have used could be more indicative of 
longer term pricing; the metal has a history of volatile pricing (refer Figures 3 and 6); we 
have taken a similar approach to titanium pigment prices.	

Table 2: TNG comparative valuations

 TNG comparative valuations

Project NPV8 Risked NPV8/Share

Asset Pre Tax Post Tax Pre Tax Post Tax

Pricing - IIR $2,654 m $1,877 m $0.72 $0.51

Pricing - TNG $4,723 m $3,371 m $1.28 $0.91

Source: IIR analysis
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�� Tables 3 and 4 present sensitivity analyses for our valuation of the Mount Peake Project 
on a funded, after tax basis.

Table 3: Un-risked Mount Peake sensitivity analysis

Un-risked Mount Peake sensitivity analysis 

Change V2O5 Price TiO2 Price Pig Iron 
Price

Exchange 
Rate Opex Capex

-15% $1,634 $1,288 $1,651 $3,123 $2,519 $2,013

-10% $1,715 $1,485 $1,727 $2,662 $2,305 $1,968

-5% $1,796 $1,681 $1,802 $2,249 $2,091 $1,923

0% $1,877 $1,877 $1,877 $1,877 $1,877 $1,877

5% $1,959 $2,074 $1,953 $1,541 $1,663 $1,832

10% $2,040 $2,270 $2,028 $1,235 $1,449 $1,787

15% $2,121 $2,466 $2,103 $956 $1,235 $1,742

Source: IIR analysis

Table 4: Risked Mount Peake per share sensitivity analysis

Risked Mount Peake per share sensitivity analysis 

Change V2O5 Price TiO2 Price Pig Iron 
Price

Exchange 
Rate Opex Capex

-15% $0.442 $0.348 $0.446 $0.844 $0.681 $0.604

-10% $0.464 $0.401 $0.467 $0.720 $0.623 $0.569

-5% $0.486 $0.454 $0.487 $0.608 $0.565 $0.537

0% $0.507 $0.507 $0.507 $0.507 $0.507 $0.507

5% $0.529 $0.561 $0.528 $0.417 $0.450 $0.479

10% $0.551 $0.614 $0.548 $0.334 $0.392 $0.453

15% $0.573 $0.667 $0.569 $0.259 $0.334 $0.428

Source: IIR analysis

�� The first four columns are considered revenue factors, with these also being proxies for 
other revenue factors, including grade and metallurgical recovery; for example a 15% 
change in vanadium grade or recovery will have a similar effect on project economics 
as a 15% change in price as shown above; in the case of exchange rates, this can be 
considered as a proxy for changes in revenue factors for the combined metals.

�� As can be seen the project is most sensitive to exchange rates (and hence to combined 
falls in metals prices), with changes in operating costs coming second; the project is 
least sensitive to changes in capital costs.

�� Changes in the capital cost will also lead to changes in the diluted share structure.

BACKGROUND – COMMODITIES AND MARKETS

VANADIUM AND VRFBS

Introduction

�� Recent times have seen a marked increase in vanadium prices, with V2O5 recently 
trading at over US$30,000/tonne, up from US$10,000/tonne in 2016 (Figure 3) - as such 
we have included this background on the commodity given the resurgence in interest in 
vanadium.

Background

�� The main use of vanadium is as a steel additive in high-strength steel, which accounts for 
about 92% of the current global demand of ~100,000t of vanadium metal (equivalent to 
~180,000t V2O5, with the oxide containing 56% V). 

�� Other uses include chemicals, catalysts and in batteries - vanadium is produced as two 
main products – FeV for steel-making and V2O5 for chemical and battery applications.

�� Global production was reportedly ~73,000t in 2016, with the largest source being as 
a by-product from slag produced from the smelting of titaniferous magnetite ores for 
steelmaking (Figure 10) – it is estimated that this accounts for ~73% of total supply, with 
17% being derived from mining as a primary product and the remainder from secondary 
sources, including oil residues and fly ash.
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�� Supply is concentrated, with over 90% of vanadium products produced in South Africa, 
China, Russia and Brazil. 

�� New developments include Largo Resources Maracas Project in Brazil, which is now 
in full production, and exceeding the planned output of 9,200t of V2O5 per year, with a 
planned FeV plant to be added at a later date.

Figure 2: Vanadium sources

Source: Vanitec

�� Demand has outstripped supply since 2010, with successive drawdowns on inventory; 
part of this has been due to industry rationalisation and environmental constraints in 
China, with this now resulting in the inventories being depleted and hence a recent 
increase in prices after falling for over 10 years (Figures 3 and 6)

Figure 3: Vanadium Inventory change

Source: Technology Metals
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Demand Drivers

Steelmaking

�� The current key demand driver is as an additive in steel – demand for vanadium closely 
follows the production of steel. This includes two factors – firstly the natural organic 
growth in steel production and secondly increasing vanadium intensity in steel with the 
move to lighter weight and higher strength steels – the addition of just 0.2% vanadium 
to steel increases steel strength by up to 100% and reduces the weight of steel required 
in relevant applications by up to 30%.

�� This second factor is particularly relevant in China, where there is increasing vanadium 
intensity in rebar due to changes in building standards (with new regulations set to 
become effective in November 2018), partly following on from the 2008 earthquake - 
there is still a fair way to go with this and thus significant potential growth in use in this 
application, however this has the potential to increase Chinese vanadium consumption 
by up to 50% (15,000tpa).

�� Roskill estimate that, although steel production will only grow at 1% CAGR over coming 
years, the increasing intensity of vanadium in steel along with other end uses will 
result in a long term demand growth of 3.45% CAGR from ~100,000tpa V in 2015 to 
131,000tpa contained V in 2025, with the forecast supply deficits now being seen. 

�� The graph below shows the relative vanadium intensities in rebar between various 
jurisdictions.

Figure 4: Vanadium steelmaking intensity

Source: Australian Vanadium

Energy Storage – VRFB’s and Li-Ion Batteries

�� The blue sky in demand, and the potentially disruptive technology is in grid scale battery 
usage -  the key here will be the adoption of VRFB’s that have the capacity for multi-
megawatt scale storage - this makes them useful for grid scale applications, including 
grid balancing and storing energy from variable output sources, including wind turbines 
and solar cells. 
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Figure 5: VRFB schematic

Source: Australian Vanadium

�� The batteries are inherently simple, relying on the changing redox state of vanadium to 
store and then supply power.

�� Other attributes of these batteries include:

–– Scalability

–– Long lifespan – up to 20 years

–– Up to a 1 year charge retention

–– 100% discharge without damage, and,

–– Only one element – V in various oxidation states – in electrolyte.

�� There are widely differing forecasts on the growth in VRFB’s, however some 
commentators see the potential for VRFBs to provide up to 30% of the growing energy 
storage market, with some forecasting an additional demand of 300,000t of vanadium 
over coming years to meet this need.

�� There are a number of active VRFB developments globally at the moment, reportedly 
with the largest being the development of a 200MW/800MWh battery in Dalian, China, 
which reportedly uses 6,950 tonnes of V2O5, at an intensity of 8.7t/MWh; we have also 
seen documentation for other batteries with a usage intensity of 7.25t of V (12.94t of 
V2O5) per MWh of capacity.

�� Other recent developments include a US$200 million, 15MW/60MWh facility by 
Sumitomo on the Japanese island of Hokkaido.

�� Development of VRFBs has been partly hamstrung by the lack of a suitable battery grade 
V2O5 supply – batteries require a higher purity product than that used in steelmaking, and 
hence arises the opportunity for manufacturers of high purity material.

�� Some forecasts see the Australian energy storage market reaching 3,000MWh by 2030 – 
should the VRFB penetration reach an estimated 30% of the market this will result in the 
requirement of 900MWh of VRFB capacity over the same period. 

�� Australia is an ideal market for fringe-of-grid and off-grid storage facilities given the 
extended power networks and large off-grid areas, thus potentially providing a domestic 
market for any V2O5 producers.

�� Assuming a capital intensity of A$1,000,000/MWh, this equates to a A$900 million 
market, and using an average V2O5 intensity of ~10t/MWh (this intensity will vary 
depending upon the battery producer), this results in a potential domestic demand for an 
additional 9,000t of V2O5 by 2030.

�� There is also significant forecast demand (~1/3 of that for VRFB’s) for vanadium in Li-ion 
batteries.
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Pricing

�� Figure 3 above highlights the recent price recovery to over US$30/kg (US$14 - US$14.50/
lb) largely due to de-stocking of inventories over recent years and supply constraints 
due to rationalisation of the iron ore industry in China (with vanadium being a major by-
product) along with environmental constraints leading to a sharp decline in production

�� Figure 6 presents a longer term chart of real V2O5 prices adjusted to November 2016, 
and shows the commencement of the recent recovery, which has followed a period of 
sustained falls in prices, largely post the GFC.

�� The 30 year average price has been US$11/kg V2O5, with the inflation adjusted mean 
since 2004 being ~US$16/kg as shown in Figure 14 (note that Figure 14 is in US$/pound, 
with one kg = 2.205 pounds).

�� It is expected that pricing may remain reasonably strong, although as shown in Figure 11 
vanadium pricing has a history of volatility. 

�� The market is not particularly transparent, and also prices do not correlate with steel 
production even though this is the key demand driver. 

�� As mentioned earlier wide acceptance of VRFBs may go some way to breaking the 
price “spike-collapse” pattern over recent times, due to the requirement for a consistent 
supply of high purity V2O5 for the electrolyte.

Figure 6: FeV price chart

Source: Largo presentation

TITANIUM DIOXIDE

Uses and Production

�� The majority (90%) of titanium dioxide is used in the pigment industry, being used in 
various products, including paints, coatings, paper and inks. 

�� It is a key white pigment in that it has a high refractive index (whiteness), provides UV 
protection and is non-toxic.

�� Other uses include as a metal (military, aerospace and speciality applications) and for 
welding rod core wire.

�� The bulk of feedstock currently comes from the mineral sands industry (67%), with the 
remainder being produced from blast furnace slag from titanium bearing ores - there is 
currently no hydrometallurgical production directly from titanomagnetite concentrate as 
is planned for Mount Peake.

�� There are two main pigment production routes – chloride and sulphate, with chloride 
generally being cleaner and requiring higher grade feedstocks.

�� The majority of Chinese capacity is for sulphate grade feedstock; western producers 
generally use the chloride process (as is proposed for Mount Peake).

�� According to the USGS, installed pigment production in 2016 was 7,400,000t, with 
2,940,000t (40%) being in China, and with the US coming second with 1,340,000t (18%)
of installed production capacity; current Australian capacity is 280,000t (~4%).
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�� Planned average annual production from Mount Peake would account for some 3% of 
global capacity.

�� Actual global production is closely aligned to world economic conditions, which can result 
in significant swings in demand and hence pricing; the cost and availability of feedstocks 
also affects pigment pricing.

Table 5: Titanium dioxide products sold, 2014

Titanium dioxide products sold, 2014

Product, approximate market share TiO2% Notes End Uses

Rutile – 10% 95-97 Mined product Pigments, metal

Synthetic rutile – 3% 88-95 Upgraded from ilmenite in a furnace Pigments

Ilmenite

Sulphate – 42%

Chloride – 12%

52-54

8-62

Processed to pigment - sulphate processing

Processed to pigment - chloride processing

Pigments

Slag

Sulphate – 11%

Chloride – 19%

Upgraded – 3%

80-85

85-90

95

Upgraded from sulphate ilmenite in a furnace

Upgraded from chloride ilmenite in a furnace

Upgraded from ilmenite

Pigments

Source: Iluka.

Pricing

�� The mineral sands and downstream pigment markets are relatively opaque – prices are 
generally fixed between the producer and buyer, and until 2009-2010 were largely on 
long term contracts, leading to relatively stable prices. 

�� More recently, changes in demand and supply have led to contracts more commonly 
being negotiated quarterly or half yearly.

�� A recent feature of pricing was a sharp decrease in prices in 2013, which continued into 
2016 – this followed slowing in demand during 2012, largely due to weakening global 
economic conditions. 

�� There were also significant price increases in feedstocks starting in 2010 - this was as 
a result of supply constraints enabling producers to renegotiate prices away from long 
term contracts, which were a disincentive on bringing on new production, with feedstock 
prices feeding into pigment prices.

�� Until 2010 titanium dioxide product prices tended to follow annual GDP growth of around 
3%.

�� It is forecast by TZMI that there may be a deficit of up to one million TiO2 units (around 2 
Mt of feedstock) by 2020-2021, with prices now increasing due to tightening markets.

�� Again feedstock prices are feeding into pigment markets - over recent quarters we have 
seen sustained rises in pigment prices following a sharp fall off after a peak from 2011 to 
2013, with prices rising by over 20% since the beginning of 2016.

��  This has resulted in recent prices of ~US$3,200/tonne, with this rising trend forecast to 
continue.

�� Real prices (using 2016 dollars) from 1970 to 2016 are shown in Figure 7 - note that these 
are average annual prices - as mentioned earlier prices have generally been negotiated 
on a quarterly basis since 2011.
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Figure 7: Real historic US$ TiO2 pigment prices - 2016 dollars

Source: TNG/Artikol

PIG IRON

�� Pig iron is a semi-finished metallic form of iron, produced by reduction of iron ore in a 
furnace, which is then smelted to remove impurities and form steel.

�� Pig iron generally contains significant impurities, including carbon (commonly between 
3.5-4.5%), phosphorous and silica amongst others, and contains ~90-94% iron.

�� 2016 production was estimated by the USGS at 1.15 billion tonnes, with China producing 
some 60% of this; Australia, given that it exports the majority of its iron ore, is not a 
significant producer of pig iron or steel.

�� With an expected average annual output of ~600kt, TNG will only be a minor player in the 
market, and will have no trouble in selling its product - this is reinforced by the offtake 
agreement with Gunvor.

�� Pig iron prices tend to largely follow those of iron ore, with a fixed margin due to the 
processing costs (Figure 8) - these have remained stable since our initiation report.

Figure 8: Nominal Brazil export pig iron and 62% Fe iron ore prices, 2011 to present

Source: Index Mundi, Steelonthenet
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