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• Robust global steel production is expected to sustain traditional vanadium
demand by 2.24% CAGR through to 2027.
• Growing intensity of use in emerging markets, especially in China where
consumption is driven by improved enforcement of regulations.
• Budding application of vanadium in the energy storage industry via Redox Flow
Batteries (VRFBs) is expected to draw rapid consumption.
• VRFBs are expected to capture 20% demand by 2030 from current ~2% market.
• Steel market structural changes are expected to adversely impact economics of
~70% co-production vanadium.
• Excess iron ore supply is forecast to suppress prices in the medium-term.
Expected subdued price level is unlikely to support production from
underutilised co-production steel capacity.
• Quality primary vanadium projects are best suited to meet the growing demand
for vanadium, although they could face several barriers to entry
•

Vanadium soared more than 130% during 2017 to outperform surging battery
metals including cobalt, lithium and nickel. Robust interest from budding flow
redox battery demand has sustained the growth of 55% YTD in 2018.
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•

The rare chemical element has several unique characteristics which position it
well in the steel, alloy and chemical sectors.

•

Steel: High strength-to-weight, weldability, fabricability and corrosion
resistance favour use in construction rebar steel and lightweight alloys. The
addition of 2lbs of vanadium in a single tonne of steel doubles its effective
strength.

•

Chemical: Vanadium exists in four oxidation states (II, III, IV & V) allowing
conversion of chemical electrolyte energy to electrical.

Vanadium Market Fundamentals – Demand Outlook
•

Vanadium consumption has advanced 0.9% CAGR over the last decade
(2007-2017), with the market dominated (91%) by steel usage last year.

•

China represents the major user with 42% market share last year. Introduction
of 2018 revised tensile strength rebar products will drive future Chinese
demand.

•

Vanadium demand growth has been driven principally by steel production
growth, advancing 0.72% CAGR (2007-2017), while increasing intensities of
vanadium standards in steel elevates consumption.

•

Growing application of vanadium redox flow batteries (VRFBs) contributes 2.1%
vanadium market in 2017, with rapid growth forecast.

Source: Bushveld Minerals analysis and Roskill

Construction steel rebar
•

•

Strong positive correlation between vanadium consumption and steel
production is expected to sustain demand as:
o

Steel production advances; and

o

Compliance with new Chinese rebar standards increases

Regulatory prescriptions make it possible to estimate with relative certainty
demand outlook for vanadium across the steel sector.
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Source: Bushveld Minerals analysis, Roskill, World Steel Association

•

Quenching and tempering techniques used by rebar producers to minimise use
of alloying elements during 2015-2017 blunted the impact of 2010-2011 codes
for Design of Concrete Structures and Construction Quality Acceptance of
Concrete Structures.

•

China’s new high-strength rebar standards, introduced in January 2018
(effective November 2018) are expected to drive greater vanadium intensity.

•

New rebar standards are designed to limit and eliminate the use of inferior
steels used in construction (Grade 2).

•

Standards set out specifications for three different high tensile-strengths: Grade
3 (400 MPa), Grade 4 (500 MPa), and Grade 5 (600 MPa). The grades will require
0.03% V, 0.06% V, and more than 0.1% V respectively.

•

Revisions to construction standards are forecast to lead to an increase in
Chinese vanadium demand of over 30%, equivalent to 10,000 tpa in 2018.

Source: Bushveld Minerals analysis, TTP Squared

•

Enhanced vanadium intensities have strong correlation with economic
development. Industrialised economies, such as the US and Europe, typically
consumer more vanadium per tonne steel than emerging economies such as
India and China.

•

Revisions to Chinese rebar followed rapid economic growth, urbanisation and
infrastructure expansion.
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Source: Bushveld Minerals analysis, TTP Squared

•

Implications of closing the gap between emerging economies and the
developed world:
o

Steel production in China in 2017 = 797 483 000 t

o

Improving Chinese specific V consumption from 0,048 to 0,078=> 0,03kgV/t
additional V demand = 23,924mtV

o

From 0,048 to 0,053 =>3,987mtV

Energy storage
•

Varying global energy storage market forecasts remain bullish in the mediumand long-term.

•

Project deployment acceleration is pointing toward 20-40GWh of storage by
2025

•

Annual additions are forecast to reach 10-20GWh by 2025.

•

Stationary energy storage demand is rapidly growing, and expected to exceed
300GWh by 2030

Source: Bloomberg New Energy Finance

•

Varying global energy storage market forecasts remain bullish in the mediumand long-term.

•

Vanadium gains access to the swelling energy storage market via Vanadium
Redox Flow batteries (VRFBs); the simplest and most-developed flow battery in
mass commercial operation.

•

Vanadium existence in four different oxidation states allows single element to
be utilised for storage of energy.
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•

The flow battery, unlike conventional batteries, uses the liquid vanadium
electrolyte to store energy in separated storage tanks, not in the power cell of
the battery.

•

Electrolyte is pumped through a stack of power cells, or membrane, where an
electrochemical reaction generates electricity.

Source: IEEE Spectrum: It’s Big and Long-Lived, and It Won’t Catch Fire: The Vanadium
Redox-Flow Battery, 26 October 2017

•

The unique features of VRFBs make them ideal for utility scale, long-duration
stationary storage applications.

•

Systems are an excellent fit for daily, multi-hour, deep cycle storage (e.g. with
solar PV), grid support (e.g. peak shaving, system balancing, capital deferral)
and off-grid or mini-grid installations.

1.
2.
3.

4.
5.
6.
7.
8.
9.

Long lifespan cycles: Ability to repeatedly charge/ discharge over 35,000
times for a lifespan of over 20 years
100% depth of discharge: Without performance degradation is unique
to VRFBs
Lowest cost per kWh when fully used at least once daily makes VRFBs
today cheaper than Li-ion batteries. VRFBs can yield the lowest levelized
cost of energy storage systems.
Safe, with no fire risk from thermal runaway
100% of vanadium is re-usable upon decommissioning of the system
Scalable capacity to store large quantities of energy (MW- range)
Flexibility: Allows capture of the multi-stacked value of energy storage
in grid applications
Very fast response time of less than 70ms
No cross-contamination: Only one battery element, unique among flow
batteries

Source: IEEE Spectrum: It’s Big and Long-Lived, and It Won’t Catch Fire: The Vanadium
Redox-Flow Battery, 26 October 2017

•

Strong industry sentiment favours growing VRFB installations and capacity.
Greentech Media’s 2017 Energy Storage Summit poll of 500 professionals
highlights 46% support for flow batteries as advanced storage technology.

•

Technical and economic fundamentals are leading to massive deployment of
VRFBs, especially across Asia.
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•

Utility-scale batteries form part of China’s new National Development Plan,
focusing on “100MW-grade, vanadium redox flow battery energy storage
stations”.

•

A total of four 400-800MWh are currently under development in China,
including Rongke Power’s major 200MW/400MWh project in Dalian.

Source: EPRI – Vanadium Redox Flow Batteries (1014836); Bushveld analysis

•

Vanadium contributes significantly higher to the VRFB technology than other
metals to lithium-ion, representing 30% cost breakdown.

•

Each GWh of storage requires 5,500 tonnes of vanadium, presenting a challenge
for the technology and an opportunity for vanadium suppliers.

•

Strategies for countering the impact of elevated V prices will be key for success.

•

Deployment of the Rongke Power 800MWh VRFB requires >5,000mtV alone,
which represents 1.4 times the ‘Best case’ vanadium forecast demand for 2018.

•

25% capture of Bloomberg New Energy Finance annual deployment implies
50,875 mtV by 2027, topping Roskill’s ‘Best case’ forecast 3-fold.

Source: Bushveld Minerals analysis, Roskill, TTP Squared
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Demand summary
•

Traditional vanadium demand has been underpinned by the steel market,
accounting for >90% consumption.

•

Steel market is set to continue supporting robust vanadium demand
o

Growing Global steel production – strong positive correlation

o

Growing intensity of use in steel in emerging markets, especially in China
where it is driven by improved enforcement of regulations

•

Consumption of V in steel set to grow by 2.24% CAGR from 2017 to 2027. Crude
steel production is set to grow 1.76% CAGR in the same period.

•

Growing applications of vanadium in energy storage industry via VRFBs set to
bring step change to demand
o

VRFBs in commercial deployment globally - (Ronge Power VRFB uses
approximately 5% of Vanadium produced)

o

Clear advantages to alternatives – sets it apart in large scale stationary
applications

o

Expected to account for 20% of V consumption by 2030

o

2025 estimated demand from VRFB (best case) = 12,383 mtV =>2.2GWh,
equivalent to 25% of projected annual stationary energy storage market

o

Cumulative V demand from VRFB up to 2025 = 62,189 mtV = 11GWh,
equivalent to ~25% of forecast cumulative energy storage market

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

Vanadium Market Fundamentals – Supply: The real V story
•

Focus of vanadium mining is in South Africa, north-western China and eastern
Russia, with >90% global reserves.

•

Worldwide resources exceed 63Mt (contained V) according to US Geological
Society:
o

Data is not fully indicative of available supplies, due to the co-production
nature and lack of resource statements;

o

Further, vanadium impurities contained within crude oils and tar sands are
often difficult to estimate and not incorporated in resource estimates
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Source: Roskill

•

>88% vanadium is focused in vanadiferous magnetite ore, with the balance
principally in sedimentary form such as oil residues or shales
o

Co-production typically involves smelting (EAF / BOF) magnetite
ore/concentrate during which titanium slag is eliminated while vanadium
and iron ore report together in hot metal from which vanadium is recovered
in the form of a slag with enhanced vanadium grades.
The vanadium slag is then further processed into final vanadium product
through a salt roast and leaching process (“The Salt Roast process”) Coproduction is the most common source of vanadium supply and accounted
for 74% of supply in 2017

o

Primary production accounts for 14% supply, sources directly from
vanadium bearing magnetite iron ores. The magnetite is processed, after
concentrating through magnetic separation, directly using a salt roasting
and leaching process called Salt Roast.

o

Secondary production from sedimentary vanadium is largely found in oil
residues or shales is recovered from catalysts used during the refining of
some crude oils or ash. Sedimentary vanadium is also found in stone coal
geological settings. About 12% of vanadium occurs in sedimentary form.

o

Vanadium is extracted from these sources is converted into vanadium
pentoxide (V2O5) and trioxide (V2O3). Most pentoxide is converted into
ferrovanadium or nitride for use in the production of several different types
and grades of high strength steel.
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Source Bushveld Mineral analysis
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•

Co-production accounts for 74% aggregate global feedstock production,
accounting for 68% Chinese output and 48% total vanadium feedstock
production.

•

China dominates the market, generating 52% global supply; equivalent to 93%
cumulative co-production output.

Source: Roskill

•

Global supply has fallen 11.1% since 2014, contracting from 102.7 KtV in 2014 to
92.4 KtV in 2017.
o

Closure of stone coal mines and environmental controls across China has
driven production lower.

o

Shut down of Highveld Steel & Vanadium in South Africa resulting from
adverse economic performance of feedstock, fed into the closure of
Vanchem.

o

North American recycled volumes from Venezuelan oil ash contracted due
to falling oil output.

•

Global potential suggests total feedstock nameplate capacity estimated around
164Kt, implying global capacity utilisation of ~56% (92,392 mtV in 2017).

•

61% of the unused capacity is co-production and mostly in China may be
uneconomic as it relies on steel production economics - 49% of total unused
capacity)

•

This co-production capacity is largely unresponsive to current high v
environment, on account dependence on steel market economics – poor plant
economics and minimal influence on steel prices

•

Some of the unused capacity in China is from stone coal secondary producers
characterised by excessive cost and high degrees of environmental pollution
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•

‘Unused’ Chinese co-production supply is facing significant production
constraints emanating from the steel sector.

Source: Bushveld Minerals analysis, Roskill, TTP Squared

•

Market conditions need to alter to bring underutilised Chinese co-production
capacity online. Co-production plant economics are driven by steel market
economics, requiring the following:

Source: Bushveld Minerals analysis, Roskill, TPP squared

•

Co-production steel plants lack leverage on steel prices, accounting less than 5%
(40Mt) of the steel market for ~50% vanadium supply.

•

Vanadium cost curve does not give a strong predictor of supply behaviour.

•

Low-cost Chinese co-producers sit in the lower quartile of the cost curve but are
incapable of taking advantage of high vanadium prices, depending on primary
steel plant viability.

•

Opportunity to respond to rising vanadium prices lie with primary producers.
However, operational primary producers have 86% capacity utilisation, thereby
limiting output growth in the short term
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Source: Bushveld Minerals Analysis, Roskill

•

Greenfield project production faces significant challenges:
o

Announced co-production projects are driven by steel market dynamics,
depending on the viability of multiple commodities. They face limitations of
existing co-producers; low steel prices in a market with excess capacity.

o

Capital markets understanding on vanadium remains relatively nascent.

o

Historical price volatility creates challenges for lenders to model future
pricing for debt deals.

o

Limited technical capability for specific requirements of developing and
operating vanadium mining and processing.

•

Assuming all new projects deliver, an optimistic supply scenario would give 5.3%
CAGR between 2017-2027. New projects are dominated by co-producer steel
plants or hydrometallurgical plants.

•

Improving economics allows for re-starts of co-producer steel plants, including
an assumed Highveld Steel & Vanadium restarting in 2019 and ramping up to
6.6Kt by 2023.

Source: Bushveld Minerals analysis, Roskill
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•

While the majority of new supply focuses on co-production projects, output is
constrained with faltering material contributions.

Source: Roskill

•

Roskill forecast only 46%, equivalent to 23.9 KtV, new project output to achieve
first production, creating adjusted total global new supply of 130,700 mtV by
2027.

Source: Roskill
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Market balance outlook
•

Bushveld Minerals forecast four potential supply and demand pathways moving
forward:

1.

Vanadium supply & demand per Roskill base case

Source: Roskill

•

•

2.

Demand and supply volumes based on Roskill estimates and adjusted as follows:
o

Demand includes Roskill base case demand for Vanadium in VRFBs, capped
at 8,000 mtV by 2027 compared with a potential 50,875mtV

o

Supply projections based on all new projects being adjusted down to reflect
54% volumes being delivered by 2027

Outcomes
o

Results in a marginal market surplus of less than 5% at the most during the
forecast period

o

Supply and demand grow at 3.5% and 2.6% CAGR respectively from 20172027

Demand assumes 25% market share for VRFBs in energy storage market &
Roskill estimate of new supply projects actually delivered

Source: Roskill, BMN Analysis, BCG, IHS Navigant Research
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•

•

3.

Demand and supply volumes based on Roskill estimates and adjusted as follows:
o

Vanadium demand assumes that VFRB’s take up 25% of the energy storage
market.

o

This is consistent with the anticipated energy storage requirements as per
quoted research houses.

Outcomes
o

A significant increase in demand far exceeding supply in 2027 compared
with base case

o

3.5% CAGR in supply from 2017-2027, and a 5.6% CAGR growth in demand
over the same period.

25% market share for VRFB in energy storage & all new supply projects delivered

Source: Roskill, BMN Analysis, BCG, IHS, Navigant Research

•

•

Demand and supply volumes based on Roskill estimates and adjusted as follows:
o

Vanadium demand adjusted for VFRB’s taking up 25% of the energy storage
market.

o

VRFBs market share based on analyst research on energy storage market
developments

o

The supply outlook assumes new production from all announced projects
coming into production.

Outcomes
o

Market balanced through 2025 but a deficit widening to over 20% in 2027

o

Results in a 4.2% CAGR in supply from 2017-2027, and a 5.3% CAGR growth
in demand over the same period.
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4.

Assume Roskill supply base forecast and zero uptake for VRFB in energy
storage post-2020

Source: Roskill, BMN Analysis, BCG, IHS, Navigant Research

•

•

Demand and supply volumes based on Roskill estimates and adjusted as follows:
o

Vanadium demand adjusted for uptake being limited to only the current
announced projects

o

Zero VRFB uptake post 2020 assumed

o

Supply forecasts based on Roskill base case

Outcomes
o

Short term deficit

o

Surplus develops peaking by 2024 at 11.93 kt V, or less than 10% of supply
before tapering down in second half of the decade

Price outlook
•

Positive price momentum has significant upside, with the current price increase
driven by structural changes in the vanadium, iron and steel markets.

Source: MetalBulletin, TTP Squared

•

Price drivers focus on four key points:

1.

Market is expected to remain in deficit in the short- to medium-term, driven by:
•

Demand robust anchored in steel market where greater intensity of use is
expected to drive greater vanadium consumption growth than steel
production

•

Growing adoption of vanadium redox flow batteries presents step change
upside in demand profile
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•
2.

Supply the biggest driver of market balance – significant reductions in supply
in the past 3 years combined with modest likely new supply

33% potential new production is unlikely to materialise, limiting growth of 3.2%
CAGR which is insufficient to match demand growth
•

Majority of potential new supply is co-product supply and is thus capex
intensive and primarily dependent on steel economics primarily

•

Financing challenges for even quality greenfield primary vanadium project,
which are also capex intensive, can be expected in the short term

•

Significant question marks remain over several assumed operations restarts

3.

Niobium substitution risk rises with elevated vanadium prices, however shortterm switches in steel making are not practical given the required technical
adjustments in plant reconfigurations.

4.

Self-cannibalisation of VRFBs. Given the high price contribution, increasing
vanadium prices will be passed onto manufacturers. However, design of VRFBs
that separate energy unit (electrolyte) and power unit (stocks) allow for
innovative business models focusing around V electrolyte cost to preserve cost
competitiveness.

Key takeaways
•

Steel market set to continue supporting robust vanadium demand through
o

Growing global steel production – strong positive correlation

o

Growing intensity of use in steel in emerging markets, especially in China
where it is driven by improved enforcement of regulations

•

Consumption of vanadium in steel set to grow by 2.24% CAGR from 2017 to
2027.

•

Growing applications of vanadium in energy storage industry via VRFBs set to
bring step change to demand
o

VRFB Expected to account for 20% of V consumption by 2030. Strategies
for countering impact of high Vanadium prices will be key for success

•

Over 70% of Vanadium produced is through co-production which is driven by
steel fundamentals

•

China is the largest producer of Vanadium feedstock producing over 90% of its
vanadium through co-production
o

2017 estimated Global utilisation of ~56% - however not all of the
remaining excess capacity is economical

o

49% of the global excess capacity is in China and consists mostly of coproducers, which are driven by the steel price

•

Most of the new projects that have been announced are co-producers or multicommodities producers, of which >50% is not expected to come online

•

With the fluctuation in steel prices vanadium production from integrated steel
producers may be ceased

•

Opportunity for pure-play vanadium producers- however new vanadium
projects may face a number of constraints
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