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Context about our Group: one of largest, most vertically integrated 
vanadium companies in the world – spanning mining to energy

An energy storage solutions provider, focused on VRFBs1

▪ Building 200MWh 
electrolyte capacity 
manufacturing facility 
with the IDC

▪ Scaling up vanadium 
electrolyte rental 
product

▪ Invested in 2 OEMs2

Invinity3 and Enerox4

▪ With the IDC, 
identifying support of 
local VRFB 
manufacturing in 
South Africa

A low cost, vertically integrated primary vanadium producer

▪ Large, high-grade, primary 
JORC compliant resource 
base ~550 Mt grading 
~1.6%-2.0% V205 in 
magnetite 

▪ 3 deposits, serviced with 
logistics infrastructure

▪ Low cost, flexible and scalable 
primary vanadium processing 
facilities

▪ Owns 2 of the world’s 4 operating 
primary processing facilities

MINING PROCESSING ELECTROLYTE DEPLOYMENTMANUFACTURING

Vertically integrated business delivers across the upstream and downstream value chain

▪ MW scale energy storage 
project development 

▪ Addressing self generation 
need of >125MW of solar 
PV and 180MWh of 
battery ESS5

1.VRFBs: vanadium redox flow batteries  2.OEMs: Original equipment manufacturers. 3. Invinity: Invinity Energy Systems 4. Enerox: Enerox GmbH 5. ESS: Energy storage System
3



Geology is core to Bushveld’s origins

3. Vanchem

▪ Primary processing facility

▪ 3-kiln configuration 

2. Brits

▪ JORC compliant 66.8 Mt indicated and 
inferred resource of 1.6% V205 in 
magnetite

▪ Provides the potential for additional ore 
feed for Vametco and Vanchem

4. Mokopane

▪ JORC compliant 298 Mt resource, 
including 28.5 Mt reserves with grade 
of 1.75% V205 in-magnetite.

▪ 30-year Mining Right

▪ Commence DFS1 in 2021, to become a 
primary source of feedstock for 
Vanchem 

1. Vametco

▪ Mine and processing facility 

▪ JORC compliant 184.2 Mt indicated and    inferred 
resource, including 46.4 Mt  of reserves at a grade of 2.0% 
V2O5 in magnetite

▪ Life of Mine of >30 years (ore reserves) 

Map of operations

1. DFS: Definitive feasibility study
Source: Bushveld Minerals

Two of Bushveld Minerals’ original 
co-founders (and current technical 
advisors) are legendary South 
African geologists



1. Introduce energy storage and highlight its significance
within the global energy transition

2. Emphasise why this is important for mineral-oriented
industries, for South Africa in particular

3. Introduce the vanadium redox flow battery technology
(“VRFB”), its role in a power system and the current
state of its adoption globally

4. Highlight some specific characteristics and innovations
that make VRFB especially “Clean & Green”

Objective of today’s session on vanadium redox flow batteries
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Energy storage is one of the most dynamic technology sectors, 
recognised for its ability to fundamentally reshape the power system
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▪ Energy storage is a process by which energy created at
one time is preserved for use at another time, with a
focus on electrical energy

▪ There is always a mismatch between when electrical
energy is produced and when it is consumed that storage
can fill

▪ Electrical energy by its very nature cannot be stored in
the form of electricity, however, it can be converted into
other forms of energy and stored for later use

▪ Many different processes exist to convert electrical
energy into other forms of energy, including mechanical,
thermal, electrical, chemical, etc

▪ This leads to different technologies and companies with
rapidly evolving terminology, performance and best
practices. Even in the power sector this creates
confusion, as energy storage seems similar to generation,
but it is not

Source: Bushveld Energy, Press

At this stage, the focus is on storing energy for the 
benefit of all our customers. The aim is to ensure 

the security of power supply

Why energy storage may be the most important 
technology In the world right now 

Bill Gates, Jeff Bezos, and other influential billionaires 
are investing in 2 start-ups that could solve the biggest 

problem with renewable energy

Energy storage has the potential to 
change the way we live 

Why batteries are the 'holy grail' 
for clean energy



The importance of electricity is increasing, a critical factor of 
the “energy transition”
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In 1980, electricity formed just 10% of all energy use Today, electricity represents ~20% of total energy use

By 2050, electricity will be 
over 40% of all energy use

▪ Electricity’s share of energy consumption expected to continue to grow at a rapid pace, doubling from 10% in 1980 to 20% today and over 40% by 2050
▪ This has enormous implications not only for global energy production but also for all minerals involved in the electricity value chain
▪ Electricity is much more difficult to “store” than other sources of energy, increasing the need for stationary storage (including large batteries) 

World energy demand by carrier, EJ / year

Source: DNV GL Energy Transition Outlook 2020, IEA WEB (2019)



The growth in electrical energy supply is driven mostly by 
renewable energy, another factor of the energy transition
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World electricity generation by power station type, PWh/yr

Source: DNV GL Energy Transition Outlook 2020, IEA WEB (2019), IRENA (2019)

Generation technologies using 
renewable energy



Electricity use can be broken down along three or four categories
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Source: DNV GL Energy Transition Outlook 2018

World final electricity demand by sector, PWh / year
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Today, stationary storage is the most nascent but fastest growing 
sector. The market is massive.
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Source: Navigant Research
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▪ Stationary storage is the most nascent and 
rapidly growing energy storage sector

▪ Consumer electronics is the most mature 
energy storage segment and will remain flat

▪ Transportation offers the largest market for 
energy storage in the short to medium term 



South Africa’s most recent Integrated Resource Plan (IRP 2019) 
now even has a dedicated allocation for energy storage

11
SOURCE: SA IRP2019

In fact, the local energy storage sector in 
South Africa is growing massively:

• Eskom battery procurement 
programme for 350 MW / 1600 MWh

• Recent award for RMI4P for four 
projects featuring a total of up to 428 
MW of battery storage

• DMRE and IPP Office have noted 
standalone storage procurement 
under the 513MW IRP allocation

• Many municipalities and private 
customers, especially mining 
companies, are increasingly 
considering storage to off-set Eskom’s 
load shedding 



Stationary energy storage offers many benefits to power 
system on top of its ability to support renewable energy
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Source: International Renewable Energy Agency (IRENA)

Stationary energy storage usage 
parallels that of transmission lines, 
which move electricity from one 
location to another. Similarly, energy 
storage moves electricity from one 
time to another.

Different types of storage and storage 
technologies are relevant for different 
applications, often determined by the 
amount of time stored energy that is 
required.

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

Types of power sector applications of stationary energy storage

Boxes in grey: Storage services directly supporting the 
integration of renewable energy

Bulk energy 
services 

Electric energy 
time-shift 
(arbitrage)

Electric supply 
capacity 

Ancillary 
services

Frequency 
regulation

Spinning, non 
spinning and 
supplemental 

reserves

Voltage 
Support

Black start

Transmission 
infrastructure 

services

Transmission 
upgrade 
deferral

Transmission 
congestion 

relief

Distribution 
infrastructure 

services

Distribution 
upgrade 
deferral

Voltage 
support 

Customer 
energy 

management 
services

Power quality

Power 
reliability

Retail electric 
energy time-

shift

Demand 
charge 

management

Increased self-
consumption 

of Solar PV

Off-grid

Solar home 
systems

Mini-grids: 
System 
stability 
services

Mini grids: 
Facilitating 

high share of 
VRE



The need for energy storage is mostly determined by whether 
power or energy is the priority
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Source: Parsons Engineering
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Unsurprisingly, different storage technologies are better for 
power or energy
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Energy storage design, configuration 
and technology selection are all 
based on the combination of power 
and energy requirements at a 
potential site

Compressed Air Storage 
(“CAES”)

Pumped Hydro Storage (“PHS”)

Flywheel

Source: Parsons Engineering



Besides suitability for certain applications, energy storage 
technologies vary in their technical performance and life-span
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Source: Navigant Research

Technology
Average Project Power Capacity 

(MW)
Average Discharge 
Duration (Hours)

Average Round-Trip 
Efficiency

Estimated Cycle Life 

Advanced Lead-Acid Battery 0.1 – 25 MW 1 50 – 85% 3,000 – 4,500

Compressed Air 25 – 250 MW 4 – 12 65 - 75% 15,000 – 25,000

Flow Battery 0.5 – 100 MW 3 – 10 65 – 85% 5,000 – 15,000

Flywheel .5 – 25 MW 0.1 – 0.5 90% 100,000 +

Lithium-ion Battery 0.1 – 100 MW 0.5 – 5 85 – 95% 500 - 10,000

NaS Battery 1 – 100 MW 6 75 – 90% 2-000 - 6,000

Hydrogen / power to gas 1 – 100 MW N/A 35 – 50% N/A

Pumped Hydro Storage 50 – 500 MW 4 – 12 70 - 80% 15,000 – 25,000

Ultracapacitor .1 – 25 MW 0.1 70 – 95% 100,000 +



Multiple technologies are commercially viable, although lithium and 
flow batteries are regarded as most viable for the next 10-15 years 
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Technological and commercial viability of energy storage technologies 

Technology 2018-2021 2022-2027 Beyond 2027

Advanced Lead-Acid Medium Medium Low

CAES Low Medium Medium

Flow Batteries Medium High High

Flywheel Low Medium Medium

Li-ion High High High

NaS Medium Low Low

Power-to-Gas Low Medium Medium

Pumped Hydro Medium Medium Low

Ultracapacitors Low Low Low

Next Generation 
Advanced Batteries

Low Medium Medium

Pumped hydro is the most 
prominent energy storage 
technology to date, accounting 
for 99% of energy storage 
deployed. While already cheap, 
pumped hydro has many 
limitations, including:

▪ Requiring specific 
topography that limits 
possible locations (with 
many ideal locations already 
taken)

▪ High upfront capital costs 
with economics that only 
make sense at large scale

▪ Significant environmental 
impact and water usage

▪ No flexibility

Source: Navigant Research



1. Introduce energy storage and highlight its significance
within the global energy transition

2. Emphasise why this is important for mineral-oriented
industries, for South Africa in particular

3. Introduce the vanadium redox flow battery technology
(“VRFB”), its role in a power system and the current
state of its adoption globally

4. Highlight some specific characteristics and innovations
that make VRFB especially “Clean & Green”

Objective of today’s session on vanadium redox flow batteries
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South Africa is home to 25% of the world’s vanadium reserves 

Percentage of global supply reserve base located in South Africa 
20031

0 20 40 60 80 100

Fluorspar

Zirconium

Vanadium

Titanium

Gold

Alumino-silicates

Vermiculite

Chromium

Manganese

Platinum-group metals

1 2008 data for Gold and 2014 data for Vanadium

• This list is not exhaustive, as SA is 
also a top-10 producer of 
minerals such as nickel and iron

• South Africa enjoys a natural 
competitive advantage in value 
chains from these minerals

SOURCE: South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, 2014
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The transition from fossil fuels to sustainable energy will create 
new demand for SA minerals: 1) Electrical Energy Generation

19



The transition from fossil fuels to sustainable energy will 
create new demand for SA minerals: 2) Energy Storage
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• According to this WBG assessment, by 2050 
vanadium demand from energy storage alone 
will be nearly twice the current market for the 
mineral

• Based on Navigant Research’s forecast for flow 
batteries, by the end of the decade 30-50% of 
vanadium demand could come from storage



1. Introduce energy storage and highlight its significance
within the global energy transition

2. Emphasise why this is important for mineral-oriented
industries, for South Africa in particular

3. Introduce the vanadium redox flow battery
technology (“VRFB”), its role in a power system and
the current state of its adoption globally

4. Highlight some specific characteristics and innovations
that make VRFB especially “Clean & Green”

Objective of today’s session on vanadium redox flow batteries
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The VRFB is the simplest and most developed flow battery in mass 
commercial operations

▪ The flow battery was first developed by NASA in the 

1970s and unlike conventional batteries, the liquid 

electrolytes are stored in separated storage tanks, not 

in the power cell of the battery

▪ During operation these electrolytes are pumped 

through a stack of power cells, or membrane, where a 

reversable oxidation (“redox”) electrochemical reaction 

takes place, charging or discharging the battery

▪ Vanadium can exist in four different states, allowing for 

a single element to be used to store energy. Vanadium 

was first used in flow batteries in the mid-1980’s

▪ In addition to vanadium, the electrolyte consists 

primarily of water and chemical additive acids such as 

sulphuric acid or hydrochloric acid

V2+/V3+V4+/V5+

22

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



The VRFB technology has many significant advantages 
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▪ Long lifespan cycles: ability to charge / discharge over 35,000 times for over 20 years, with minimal 

performance degradation 

▪ 100% depth of discharge: allowing for the entire battery to be used all the time

▪ Lowest cost per kWh: when fully used at least once daily makes VRFBs today cheaper than Li-ion batteries

▪ Safe: with no fire risk from thermal runaway 

▪ Sustainable: 100% of vanadium is re-usable upon decommissioning and the CO2 footprint is much less than 

of other batteries

▪ Very fast response time of less than 70ms 

▪ No cross-contamination: Only one battery element, unique among flow batteries

▪ Large scale adoption in China and Japan, including multiple 400MWh+ sites under construction in China; a 

60MWh battery with 5 years performance in Japan; and many smaller systems in Europe and Americas, some 

operating for over 10 years

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



The most common question about VRFBs is how they compare to 
lithium-ion

24

Source: Bushveld Energy analysis

Four key categories 
to consider

1. Technical 
performance

2. Safety & 
sustainability 

3. Cost 

4. Market acceptance 

Lithium-ion VRFBs 

In summary, there is no clear superiority, with use cases and site requirements often determining the optimal solution 

▪ No risk of thermal runaway
▪ Electrolyte spillage is main risk
▪ Full recoverability of vanadium at end of life

▪ Excellent for energy applications (4+hrs)
▪ Lower roundtrip efficiency but longer life and no 

degradation

▪ More nascent technology
▪ Challenge from fragmented supply market 

dominated by start-up companies

▪ Have yet to experience scale economies
▪ High contribution of vanadium is both a risk and an 

opportunity

▪ Excellent for power applications
▪ Degradation accelerates with frequent use, temperature 

and deep discharges

▪ Significant cost decreases in recent years due to R&D 
and capacity growth lead to lower upfront prices

▪ Cost reductions expected to slow

▪ Growing acceptance from deployment in frequency 
control markets

▪ Credibility of large, consolidated cell manufacturers 
helps

▪ Thermal runaway creates risk of fire and smoke that 
must be managed

▪ Battery recycling remains a major uncertainty



1. VRFBs are ideal for daily storage requiring at least 3 and up to 10 
hours of daily storage
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Source: IDC, Parsons Engineering

According to Navigant 
Research, 90% of energy 
storage use cases will be 
for “long duration”
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1. VRFB long life is driven by minimal degradation in performance 
from usage 

Source: The University of New South Wales, ITP BATTERY TEST CENTRE REPORT 5, September 2018; Sumitomo Electric, April 2019

VRFB performance has minimal performance degradation (NEPC)

Figure 1. Capacity fade of Phase 1 battery packs based on monthly capacity tests 
Measured capacity at HEPCO’s 60MWh VRFB built by Sumitomo 

– data covers 2015-2018

Most Battery Energy Storage Systems (“BESS”) technologies, such as lithium ion, rapidly degrade from use (ITP)

26



2. Incidence of battery fires is increasing alarmingly among 
stationary storage

Source: www.greentechmedia.com/articles/read/what-we-know-and-dont-know-about-the-fire-at-an-aps-battery-facility, www.greentechmedia.com/articles/read/exploding-sodium-sulfur-batteries-from-ngk-energy-storage, 
news.chosun.com/site/data/html_dir/2018/12/18/2018121800178.html, www.sbiztoday.kr/news/articleView.html?idxno=2816, www.koreaherald.com/view.php?ud=20190611000679, 
www.greentechmedia.com/articles/read/engie-investigates-source-of-belgian-battery-blaze, www.greentechmedia.com/articles/read/what-we-know-and-dont-know-about-the-fire-at-an-aps-battery-facility

Companies
involved

▪ 15MW BESS co-located with a 30MW on-shore wind farm caught fire in 2012;
▪ Flames destroyed the battery and portions of the wind farm after a 7 hour 

fire;
▪ BESS manufacturer went bankrupt 2 years later.

Advanced lead acid Hawaii, USA

▪ In 2011, a battery, installed with a utility, “exploded”
▪ NGK, once called “the most bankable” BESS, halted battery production
▪ The technology has since slowed in deployment

Sodium sulphur / 
NAS

Joso City, Japan

Description of site and incident
BESS 
technology Location

▪ Over 30 BESS fires occurred between 2017 and 2020;
▪ Government ordered shutdown half of ~1300MWh of BESS in the country;
▪ All systems were supplied by LG or Samsung;

Lithium ion
South Korea, 
multiple

▪ Containerised battery went into a fire at Engie’s battery testing facility in late 
2017;

▪ The facility was fully equipped with fire detection and extinguishing systems 
that “failed to extinguish the flames”;

Lithium ion Drogenbos, Belgium

▪ An “explosion” at a grid-connected 2WM/2MWh battery site of Arizona’s 
power utility in 2019. Cells supplied by LG Chem;

▪ The utility “grounded its energy storage operations while the investigation 
continues”;

▪ Multiple “faults” were uncovered by a recent investigation, including dendrite 
build-up in the cells, poor thermal management, absence of fire dept. training

Lithium ion Arizona, USA
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3. VRFB cost competitiveness increases for longer duration batteries 
due to separation of power and energy in the design

28

Source: The University of New South Wales

Unlike solid batteries, such as lead acid or lithium-ion, the energy and power components in a flow battery can be scaled independently, making VRFB’s 
relatively cheaper when more energy is needed

Note that this analysis is using 2016 data and this 
comparison is for illustrative purposes



3. Lazard uses the levelized cost of energy storage (LCOS) to 
compare lifetime ownership costs for storage technologies

29

Notes: VRFB 1,5 cycles LCOS takes tLazard’s VRFB LCOS and adjusts for 1.5 full daily cycles, rather than the 1 cycle assumed T&D stands for Transmission and Distribution use case
Source: Lazard’s Levelised Cost of Energy Sorage Analysis – Version 4.0 (November 2018); Bushveld Energy analysis
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Limitations to Lazard’s approach

▪ All analyses assume not more than 
one 100% discharge cycle per day. 
For a VRFB, achieving two cycles per 
day would cut the LCOE by 50%

▪ A single battery, well-placed within 
a power system can be used for 
multiple uses, decreasing its LCOES 
further

▪ Lack of public information on costs 
and performance creates a wide 
range of pricing in the analysis of 
both technologies, which will fall 
over time 

Investment bank Lazard analysis shows that VRFBs have the potential to achieve the 
lowest costs in the industry

Note that this analysis is using 2018 data and 
this comparison is for illustrative purposes



At present, China has the most developed VRFB industry, with 1.5-
2 GWh of projects in construction as of January 2021

Source: VRB Energy, public sources
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In Japan, a 60MWh system has been operating since 2015, with a 
another VRFB award announced by HEPCO in 2020

Source: Sumitomo Electric

• Sumitomo installed a 60MWh VRFB with Japanese power utility HEPCO in 
Hakkaido in 2015 for system management and renewable energy integration

• It was the largest battery installed that year;

• The system has proven its operating expectations, including nearly no 
degradation

• The battery contains 330 tons of vanadium. Its electrolyte was supplied by 
producers in Japan and China

HEPCO purchased another, 
51MWh VRFB, in mid-2020
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2020 and 2021 witnessed an explosion of VRFB projects and supply 
chain announcements globally

Shanghai Electric announced plans for another 100MW / 
400MWh VRFB in Yancheng, China

Joint venture established to build a VRFB facility “an annual 
production capacity of 3 GWh”

M&A activity is picking up, including a “$70 million merger of 
vanadium redox flow battery start-ups”. The new company 
just announced 7.8MWh of orders from the California Energy 
Commission in the USA

Large, multinational power companies are deploying 
VRFB technology, including ENEL in Majorca, Spain and 
EDF in Oxford, UK 

51MWh VRFB system awarded to Sumitomo for a 
wind farm in Hokkaido, Japan

Developer and maker of home VRFB energy storage systems,
raised €6 million (US$7.1 million) in July 2020

Increased deployment of VRFBs and demand is likely to rise as governments focus on accelerating the energy transition to a low-carbon energy

Rest of the world

Yichun Jin Kong Group issued ~US$1.5 million to support the demonstration 
production base project of vanadium battery industrialization

Jiangxi Yinhui New Energy Co., Ltd. plans to build a new project with an 
annual output of 66,000 cubic meters of vanadium electrolyte in Yichun

Sichuan Xuteng Battery Energy Co., Ltd. is a newly introduced enterprise in 
Panzhihua successfully signed the R & D and industrial park projects of VRFB 
energy storage.

China

VRB Energy signed a contract for 100MW/500MWh 
integrated vanadium flow battery in Xiangyang, Hubei 
Province, including construction of 1GW VRFB gigafactory

Rongke Power’s 200 MW/800 MWh is due for initial 
commissioning this year

32
Source: Press search, company websites



1. Introduce energy storage and highlight its significance
within the global energy transition

2. Emphasise why this is important for mineral-oriented
industries, for South Africa in particular

3. Introduce the vanadium redox flow battery technology
(“VRFB”), their role in a power system and the current
state of their adoption globally

4. Highlight some specific characteristics and innovations
that make VRFB especially “Clean & Green”

Objective of today’s session on vanadium redox flow batteries
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Energy storage, especially long duration, not only benefits 
from the energy transition, but it enables it

34

1. While renewable solar and wind generation technologies offer the cheapest and cleanest

forms of electrical energy, at grid penetration rates of 30-70%, they require significant amounts

of long duration storage for balancing purposes. VRFBs present the technically capable and

commercially attractive solution for power grids in transition.

2. In sub-Saharan Africa and southern Asia, many countries have underdeveloped electricity

networks. ~1 billion people and countless businesses either have no access to electricity or rely

on costly and pollutive thermal generators. Distributed electrical energy solutions, such as

mini-grids that couple VRFBs with solar PV, provide solutions that are modular, deployable to

remote locations and installable in months. As a result, access to energy can be provided faster

than the traditional model of decade-long transmission network expansion.



A recent Texas A&M study noted that VRFBs save 17 to 33 kg 
of CO2 for every 1MWh of capacity over lithium batteries

35

• If savings from recycled materials are not considered, 
VRFBs offer approximately 17 kg CO2 savings for every 
1MWh of capacity

• If savings from recycled materials are considered, savings 
as high as 33 kg CO2 can be had for every 1MWh of 
capacity

• During the cradle-to-gate stages, the energy source has 
little effect on the relative savings from VRFB

the excellent recyclability of the vanadium electrolyte 
creates residual value at the end of a VRFB life cycle

Source: Texas A&M



According to a study by the Technical University of Munich, 
VRFB’s save 27-37% emissions over lithium batteries

36Source: Technical University of Munich, Volterion, RMI 

• According to research from 
the Technical University of 
Munich, a VRFB produces less 
“cradle to grave” CO2

emissions than other 
technologies;

• The savings range from 27 to 
37%, when compared to 
multiple lithium ion 
technologies 



Finally, VRFB technology is well-suited for a vanadium-based 
“circular economy”

Source: Bushveld Energy analysis

5. Removal and
redeployment of 
electrolyte into 
other VRFBs

6. Removal of 
electrolyte for 
recycling after
VRFB end of life

1. Exploration 
and Mining

2. Processing into 
value-added Vanadium 
products - Oxide  - FeV

3b. Production into high 
strength steels, specialty 
alloys and specialty chemicals

3a. Production into
Vanadium electrolyte

4. Deployment into
energy storage VRFBs 
(through a rental model)
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▪ The high value of vanadium makes it a 
great fit for end of life re-use

▪ Vanadium is not consumed and does 
not degrade during operation in a 
VRFB

▪ After the battery’s end of life, the 
vanadium electrolyte can be fully 
redeployed into another VRFB or 
converted into an oxide or 
ferrovanadium for use in steel alloys

▪ Conversion costs are a fraction of the 
vanadium’s historical market value

▪ Reprocessing can be done in South 
Africa, creating even more value in 
the long term



We have rolled out a product and financial structure that 
“rents” rather than “sells” the vanadium 
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Intermediary
Listed Special 

Purpose  LeaseCo. 

Equity investors 

Miner/Producer

VRFB customer
(Offtaker)

• Pays annual dividends (if applicable)

• Achieves target WACC

• Pays cash for the supplied vanadium units at market rates

• Pays upfront deposit for costs 
outside of Vanadium cost (i.e. 
conversion and shipping) 

• Pays annual rental fee for the 
electrolyte (covering interest 
payments and a price risk premium) 

• Through selected partners:

• Converts vanadium into 
electrolyte

• Supplies vanadium under rental 
contract

• Recovers/ sells vanadium at 
contract expiration

Provides funds 
during life of 
LeaseCo

Delivers required 
vanadium units to 
the Intermediary

Benefits of vanadium rental for VRFB include:

• Significantly lower and predictable capex for the 
electrolyte

• Manageable annual fee is added to the battery’s 
maintenance costs

• Overall lower total cost of ownership / levelized cost

• In both very large and very small 
VRFBs, the vanadium is stored in 
special purpose tanks, separated 
from other equipment;

• This makes legal ownership and 
collateral tracking much easier 
than for minerals in other 
products;

Source: Bushveld Energy



THANK YOU FOR YOUR ATTENTION

ANY QUESTIONS?

www.bushveldenergy.com

www.bushveldminerals.com

http://www.bushveldenergy.com/
http://www.bushveldminerals.com/

