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Introduction to Frank Spencer
› Passionate to address the sustainability challenges:
› Energy, Food, Water, Poverty, Urbanisation, Climate Change.
› With affordable sustainable energy, we can help solve them all.

› 21 years in or near the Renewables market in Africa.
› Master’s degree in Electrical Engineering / Inverter Technology.
› Philosophy Degree in Sustainable Development.
› Last 12 years in PV, off-grid and rooftop
› SA, Namibia, Botswana, Kenya, Seychelles, Tanzania, eSwatini.

› Primarily roles: technical & business development.
› Founded a local rooftop solar PV company.

› Head of Deployments at Bushveld Energy.
› Board Member of SAPVIA.

Booming growth of Energy Storage within
the Renewables Energy Transition

We require a Just Energy Transition

“To reach net zero emissions by 2050,
annual clean energy investment
worldwide will need to more than triple
by 2030 to around $4 trillion. This will
create millions of new jobs, significantly
lift global economic growth, and achieve
universal access to electricity and clean
cooking worldwide by the end of the
decade.” The IEA
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The importance of electricity is increasing
World energy demand by carrier, EJ / year

By 2050, electricity will be
over 40% of all energy use
In 1980, electricity formed just 10% of all energy use
▪
▪
▪

Today, electricity represents ~20% of total 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 45% 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)

Source: DNV GL Energy Transition Outlook 2020, IEA WEB (2019)
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The growth in electrical energy supply is driven mostly by renewable energy
World electricity generation by power station type, PWh/yr

Generation technologies
using renewable energy
Source: DNV GL Energy Transition Outlook 2020, IEA WEB (2019), IRENA (2019)

7

Electricity use can be broken down along three or four categories
World final electricity demand by sector, PWh / year
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Source: DNV GL Energy Transition Outlook 2018
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Today, stationary storage is the most nascent but fastest growing sector
Total Energy Storage Market, MWh
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800 000

•

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
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Source: Navigant Research

9

Storage Technology is Growing and Changing

Source: REN21 Renewables Status Report 2021
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Energy storage is one of the most dynamic technology sectors, recognised for its ability
to fundamentally reshape the power system

•

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.

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

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

Source: Bushveld Energy, Press
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Utility/Grid Scale Storage Applications

The need for energy storage is mostly determined by whether power or energy
is the priority
Stationary storage applications
1 GW

1 MW
100 kW

Small scale wind,
PV, grid support

Load following

Voltage
regulation

Black start

10 MW

Frequency
regulation

100 MW

Power requirement

Arbitrage

Large scale wind,
PV, grid support

Microsecond

Off-grid
utility scale

Source: Parsons Engineering

Minute

Hour
Discharge Duration

storage

• Power is measured in watts (kW,
MW, GW)
• Energy is measured in watt-hours
(kWh, MWh, GWh)

Off-grid /end-user
self consumption

Second

Seasonal

T&D
deferral

10 kW
1 kW

Inter-seasonal
storage

Day

Week
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Unsurprisingly, different storage technologies are better for power or energy
Stationary storage technologies

Compressed Air Storage
(“CAES”)

100 MW

Hydrogen

100 kW

Flywheel
Energy storage design, configuration
and technology selection are all
based on the combination of power
and energy requirements at a
potential site

10 kW
1 kW

Microsecond
Source: Parsons Engineering

Battery

Second

Minute

Hour
Discharge Duration

Day

Week

End user

1 MW

T&D

10 MW
Super capacitors

Power requirement

Generation

Pumped Hydro Storage (“PHS”)

1 GW

Season
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Besides suitability for certain applications, energy storage technologies vary in
their technical performance and life-span

Average Project Power Capacity
(MW)

Average Discharge
Duration (Hours)

Average Round-Trip
Efficiency

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 – 12+

65 – 85%

5,000 – 15,000+

.5 – 25 MW

0.1 – 0.5

90%

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

.1 – 25 MW

0.1

70 – 95%

100,000 +

Technology

Flywheel

Lithium-ion Battery

Ultracapacitor

Estimated Cycle Life

100,000 +

Source: Navigant Research
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Stationary energy storage offers many benefits to power system on top of its
ability to support renewable energy
Types of power sector applications of stationary energy storage

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

Bulk energy
services

Ancillary
services

Transmission
infrastructure
services

Distribution
infrastructure
services

Customer
energy
management
services

Off-grid

Electric energy
time-shift
(arbitrage)

Frequency
regulation

Transmission
upgrade
deferral

Distribution
upgrade
deferral

Power quality

Solar home
systems

Electric supply
capacity

Spinning, non
spinning and
supplemental
reserves

Transmission
congestion
relief

Voltage
support

Power
reliability

Mini-grids:
System
stability
services

Voltage
Support

Retail electric
energy timeshift

Mini grids:
Facilitating
high share of
VRE

Black start

Demand
charge
management

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

Increased selfconsumption
of Solar PV

Source: International Renewable Energy Agency (IRENA)
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Eskom has also identified numerous uses for storage across the network

Source: Eskom, Isabel Fick: The future need for Energy Storage as an Ancillary service to the Eskom System
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Batteries with grid-forming inverters CAN provide System Inertia

Source: B. MacColl presentation “Considerations for Transmission System Owners and Operators”
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Batteries with 100% depth of discharge can provide much more flexibility to power
system than conventional generation

Source: B. MacColl presentation “Considerations for Transmission System Owners and Operators”
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Technology viability: lithium & flow batteries are regarded as most viable

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

Source: Navigant Research

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
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The Vanadium Redox Flow Battery
("VRFB") and its role in Energy Storage

The VRFBs - simple and robust - hundreds of installations globally

• 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

V4+/V5+

V2+/V3+

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

Source: IEEE Spectrum: “It’s Big and Long-Lived, and It Won’t Catch Fire: The Vanadium Redox-Flow Battery”, 26 October 2017
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VRFB adoption is growing rapidly, especially in China, the world’s largest vanadium
market
Increased deployment of VRFBs and demand is likely to rise as governments focus on accelerating the energy transition to a low-carbon energy

China

Rest of the world
Hebei

Xinjiang
•

•

Awati Renewable Integration of 7.5MW/22.5MWh

Fengning Renewable of 2MW/8MWh

Liaoning
•
•
•

Wind Integration of 10MW/40MWh for
Wafangdian Wind Farm
Wind Integration of 10MW/40MWh for
Tuoshan Wind Farm
200MW/800MWh for Peak Plant

Hubei
•
•

Phase 1 of 10MW/40MWh for PV
Integration
Phase 2 of 100MW/400MWh for Peak
Plant

Jiangsu
•

Qinghai
•

Grid connected 100MW/400MWh VRFB
project in Yancheng by Shanghai Electric

Regional Policy on ESS capacity in Renewable Energy Projects

Requirement
of 10%

Requirement
of 20%

Joint venture established to build a VRFB facility “an annual
production capacity of 3 GWh”
51MWh VRFB system awarded to Sumitomo for a
wind farm in Hokkaido, Japan
Siemens Gamesa entered a “battery development
deal” with Invinity covering product development,
sales and manufacturing
Thai renewable energy company BCPG announced a $24m
investment into VRB Energy

Wind Integration of 2MW/10MWh

Min
5%

Largo Clean Energy acquired VRFB technology previously owned
VionX Energy and announced its target production of 1,400MWh
of VRFBs under rentals by 2022

• China is the largest market for VRFBs, with 1.5-2
GWh of VRFB projects underway at present
• Recently Pangang, the largest vanadium
producer and Bolong New Materials, the largest
vanadium chemicals producer, signed a strategic
cooperation agreement to develop and promote
VRB technology.

Source: Argus Minerals; VRB Energy FerroAlloyNet September 2020; Vanitec; press search

Large, multinational power companies are deploying VRFB
technology, including ENEL in Majorca, Spain and EDF in
Oxford, UK
AMG announced its venture into batteries with acquisition of an
integration company and building its own lithium-vanadium hybrid
system for industrial power management applications
24

In Japan, a 60MWh system has been operating since 2015, with another VRFB award
announced by HEPCO in 2020
• 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

Source: Sumitomo Electric
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In China, a 400MWh VRFB was just completed in Dalian and another is under
construction in Hubei Province
Inside of Rongke Power’s 100MW/400MWh vanadium redox flow
battery in Dalian, China

Source: Rongke Power; VRB Energy

Electrolyte tanks from VRB Energy’s first phase of 400WMh battery
project in Hubei, China
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VRFB technology offers significant advantages
• 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
• Scalable capacity to store large quantities of energy.
• 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. IRENA
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The most common question about VRFBs is how they compare to lithium-ion

Four key categories
to consider

VRFBs

Lithium-ion

1. Technical
performance

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

• Excellent for power applications
• Degradation accelerates with frequent use, temperature
and deep discharges

2. Safety &
sustainability

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

• Thermal runaway creates risk of fire and smoke that must
be managed
• Battery recycling remains a major uncertainty

3. Cost

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

• 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

4. Market acceptance

More nascent technology
Challenge from fragmented supply market
dominated by start-up companies

In summary, there is no clear superiority, with use cases and site requirements often determining the optimal solution
Source: Bushveld Energy analysis
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There are clear performance benefits to both technologies

Metric

VRFB

Lithium-ion

Sub-chemistries

H2SO4-based, HCl-based

LFP, LMO, NCA, NMC, LTO

Energy Density

20-40 Wh / kg

80-200 Wh/kg

Discharge Time

3-16 hours

0.5-5 hours

DC Efficiency

75-90%

92%-99%

Cycle Life

20,000-30,000 cycles

600-12,000 cycles

Calendar Life

20-25 years

3-10 years

Depth of Discharge

100%

80-95%

Ambient temperature

-20 to 50o C

0 to 30o C

Self-discharge (24h)

2.5%

5%

Safety Notes

Corrosive electrolyte

Susceptible to thermal runaway

Applications

Suited for energy applications

Suited for power and energy applications

Source: Bushveld Energy analysis, Navigant
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VRFB long life is driven by minimal degradation in performance from usage
Most Battery Energy Storage Systems (“BESS”) technologies, such as lithium ion, rapidly degrade from use (ITP)
VRFB performance has minimal performance degradation (NEPC)

Figure 1. Capacity fade of Phase 1 battery packs based on monthly capacity tests
Source: The University of New South Wales, ITP BATTERY TEST CENTRE REPORT 5, September 2018; Sumitomo Electric, April 2019

Measured capacity at HEPCO’s 60MWh VRFB built by Sumitomo
– data covers 2015-2018
30

VRFBs are ideal for daily storage requiring at least 3 hours of storage

1 GW

Pumped Hydro Storage (PHS)

100 kW

Hydrogen
T&D

1 MW

Compressed Air Storage
VRFB
(CAES)

Super capacitors

Power requirement

100 MW
10 MW

Generation

Stationary storage technologies

Flywheel Both / either

Lithium ion

1 kW

Microsecond

Second

Minute

End user

10 kW
Battery

Hour

Day

Week

Season

Discharge Duration
Source: IDC; Parsons Engineering
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The need for long duration energy storage is increasing

According to Navigant, the two largest market segments in utility energy storage for the next 10 years will require long duration energy storage

Compound annual growth rate (CAGR) from 2018 to 2027,%

Generation Capacity

Generation Capacity

T&D Asset
45.2%Optimization

T&D Asset Optimization

Renewables
43.4%
Ramping/Smoothing

45.2%
43.4%

Generation Capacity

52.1%
Frequency
Regulation

35.7%

Renewables Ramping/Smoothing

Frequency Regulation

35.7%

Volt/VAR Support

Volt/VAR Support
Frequency Regulation32.1%

32.1%
0%

20%

40%

Share of 2027
Share of 2027
market,
market,
%%

61,596

64.4%

24,588

25.8%

7,575

7.9%

1,703

1.8%

122

0.1%

52.1%

T&D Asset Optimisation

Renewables Ramping/Smoothing

2027 global
2027 global
forecast,
forecast,
MWh
MWh

Volt/VAR
Support
0% 10%
20% 30% 40% 50% 60%
60%

Long duration
Short duration
Source: Navigant Research
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The long run upside for vanadium from energy storage within the energy transition is
very higher

• IEA (International Energy Association) long term scenarios forecast annual
vanadium demand between roughly 130 and 210 kilotons (or thousands of mtV)
by 2040 due to the energy transition

• The World Bank Group’s long term scenarios expect vanadium to be the fifthmost impacted mineral by the energy transition, with 2050 energy demand for
vanadium being nearly twice the entire 2018 market

• Even on the lower end, this equates to at least slightly more than the entire
current market for vanadium being demanded by energy storage in 20 years

• It would mean demand from storage for ~190,000 mtV (or 190 kilotons) of
vanadium annually

Source: IEA: The Role of Critical Minerals in Clean Energy Transitions (2021); WBG: Minerals for Climate Action: The Mineral Intensity of the Clean Energy Transition (2020)
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VRFBs are intrinsically safer than solid state batteries as they have no “thermal
runaway” risk
Fire safety is an inherent risk of
solid state batteries

Unsurprisingly, VRFBs are safer across a broad range of factors, when compared to
lithium-ion (or other battery technologies)
Analysis of typical hazards by Energy Storage Systems (“ESS”) Type

Risk

30MW Kahuku project, Hawaii

Geochang wind farm, S Korea

Voltage
Arc-Flash/Blast
Toxicity
Fire
Deflagration
Stranded Energy

lithiumion

Flooded Cell

Sodium Sulfur

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X

VRB Flow
Battery

X

X

“VRFB along with lead acid is the only battery chemistry to receive a letter of no objection
from the New York Fire Department.”
- ESJ (Energy Storage Journal), 14 November 2016

Engie 20MWh battery, Belgium
Source: “Energy Storage System Safety: Vanadium Redox Flow Vs. Lithium-Ion,” June 2017, Energy Response Solutions, Inc.,
energyresponsesolutions.com; www.energystoragejournal.com
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Incidence of battery fires is increasing alarmingly among stationary storage
Description of site and incident
• 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

BESS
technology
Sodium sulphur /
NAS

Location
Joso City, Japan

• 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
Advanced lead acid
fire;
• BESS manufacturer went bankrupt 2 years later.

Hawaii, USA

• 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

• An “explosion” at a grid-connected 2WM/2MWh battery site of Arizona’s
power utility in 2019;
• “No cause has been named for the fire…that sent four firefighters to the
hospital;”
• The utility “grounded its energy storage operations while the investigation
continues”.

Lithium ion

Arizona, USA

Lithium ion

Beijing, China

• Two firefighters died putting out a fire in an energy storage power station in
Fengtai District of Beijing in April 2021
• 235 firefighters with 47 fire engines were dispatched to put out the fire
• This led to China considering partial ban on lithium-ion batteries (e.g.
second life systems)

Companies
involved

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/what-weknow-and-dont-know-about-the-fire-at-an-aps-battery-facility, www.chinadaily.com.cn/a/202104/17/WS607a91cda31024ad0bab635c.html
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Participating
in the circular
economy
Circularity of vanadium
in energy
storage
The VRFB technology is well-suited for a vanadium-based circular economy

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

5. Removal and
redeployment of
electrolyte into
other VRFBs

4. Deployment into
energy storage VRFBs
(through a rental model)

•

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;

3a. Production into
Vanadium electrolyte

1. Exploration
and Mining

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

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

Source: Bushveld Energy
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VRFB’s are the more sustainable stationary storage technology due to lower carbon
Participating
in the circular economy
intensity
Lower carbon intensity of VRFB technology

• According to research from the
Technical University of Munich, a
VRFB produces less “cradle to
grave” CO2 emissions than other
technologies
• Savings ranged from 27 to 37%,
when a VRFB from VoltStorage was
compared to multiple lithium ion
technologies
• CO2 footprint of lithium supply
chain is expected to soar this
decade, with Roskill forecasting CO2
emissions from lithium production
will increase 6-fold to ~14 million
tones by 2030

Source: Bushveld Energy Technical University of Munich, Volterion, www.greencarcongress.com/2020/10/20201006-roskill.html, Roskill
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Technology Pricing and Value

VRFB cost competitiveness increases for longer duration batteries

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

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
Source: The University of New South Wales
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Many factors go into the cost of energy storage
Observations
•
•
•

Media focuses on the cost of
lithium-ion cells, targeting
$100/kWh
The well-known 128MWh Tesla
system in Australia cost $66m or
$516/kWh
Costs are falling quickly and some
projects for the early 2020’s are bid
at under $300/kWh

Total cost of an energy
storage site

•
•

Focusing on upfront costs only,
ignores many other cost drivers;
Life-time cost of ownership or
levelized costs (“LCOES”) are a
better, but imperfect comparison
metric

Source: Bushveld Energy analysis

•

Will vary for power (watts) and energy (watt hours)

•

Some firms quote for Alternative Current (“AC”), others for
Direct Current (“DC”)

•
•

What is “containerised”?
Transformers, site controllers?

Installation &
commissioning

•

Is this done by the manufacturer, construction company,
developer, integrators, etc.?

Delivery
…

•

Highly site specific (and do not forget about time)

AC-AC efficiency

•

All batteries lose energy, and all have parasitical AC systems

Maintenance or
warranty cost

•
•

These costs are predictive
How strong is the warranty?

Degradation rates &
battery lifetime

•
•

Includes, temperature, Depth of Discharge (“DoD”), “rest periods”
Can be measured in years or full cycles or both

•

Percentage of time a battery is operational (e.g. not under
repair)

•

Loan repayment or internal rate of return (incl. taxes and
incentives)

DC block
AC equipment

Upfront (capital) cost

+

Housing, grid &
interconnections

+

On-going annual
operating and
maintenance cost

+

Availability
Financing…costs
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Levelized Cost of Electricity
› A method to compare the overall cost of electricity from different power plant solutions with different
capex and opex values, over the life of the plant

41
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Lazard uses the levelized cost of energy storage (LCOS) to compare
lifetime ownership costs for storage technologies
Investment bank Lazard analysis shows that VRFBs have the potential to achieve the lowest
costs in the industry
USD / kWh, 2018, levelised costs
0.29

0.3

Lithium-Ion

0.26

0.26

VRFB

0.25

VRFB 1.5 cycles
0.20

0.20

0.2
0.17
0.15

0.13
0.11

0.1

0.05

0
Wholesale

T&D

PV+storage

Notes: VRFB 1,5 cycles LCOS takes Lazard’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 Storage Analysis – Version 4.0 (November 2018); Bushveld Energy analysis

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, wellplaced 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
Note that this analysis is using
2018 data and this comparison
is for illustrative purposes
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As global energy storage usage moves from short to long duration, the business case
for VRFB’s strengthens
Long duration
Short duration

According to Navigant, the two largest market segments in utility energy storage for the next 10 years will require
long duration energy storage
Compound annual growth rate (CAGR) from 2018 to 2027,
%

2027 global forecast,
MWh

Generation Capacity

45.2%

T&D Asset Optimization

43.4%

Renewables
Ramping/Smoothing

52.1%

Frequency Regulation

35.7%

Volt/VAR Support

32.1%

0.0%

Source: Navigant

10.0%

20.0%

30.0%

40.0%

50.0%

Share of 2027 market,
%

61 596

64.4%

24 588

25.8%

7 575

7.9%

1 703

1.8%

122

0.1%

60.0%
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There are many ways to look at what could be use cases for ESS
Utility scale energy storage use cases and their relevant time scales
• VRFBs are
going to be
financially
viable either for
long duration
(4+ hours) or
when multiple
cycles per day
is required
• VRFBs can also
support short
duration
functions

Source: PGE IRP Draft (Nov 2016)
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Ideally, one BESS system would be designed to provide numerous of these benefits so
that the financial benefits can be stacked together
Through stacking, one battery can provide multiple benefits, greatly increasing its economics,
rather than providing just a single grid service
Locational value
System reliability value
Economic dispatch value

100%
90%

ILLUSTRATIVE

Comments:
• Stacking means that one battery can be designed to perform
multiple grid-supporting functions, reducing the need for
specialised generation, transmission and distribution
equipment
• In this manner a battery could achieve 1-3 full discharge
cycles each day, greatly improving its economics
• Not all battery technologies can operate under such conditions
– but some can
• Calculating the stacked value, requires site specific analysis
for the locational values and operational values. Right now,
data is only available for the capacity values for South Africa

80%
70%
60%
50%
40%
30%
20%
10%
0%
Total stacked value

Source: ESA IRP Primer v1.1; PGE IRP Draft (Nov2016)
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South African demand for Long
Duration Storage

Similar to local supply infrastructure imbalances, localised energy storage can address
demand / load infrastructure imbalances
Comparing South Africa’s load profile and distribution network reveals a number of underserved areas
and overloaded networks
Distribution transformer sites

•
•

A large number of Eskom’s low and medium voltage networks are overloaded

•

Radial structure of SA’s grid, makes distributed storage even more valuable

Locating energy storage near load centers can reduce losses, shift the time of technical losses and
delay costly system expansions

Source: Eskom, DOE
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Storage can increase capacity for more large distributed renewables

0MW

1236MW
660MW

660MW
35MW

1236MW

35MW

https://www.eskom.co.za/eskom-divisions/tx/gcca/
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According to BNEF, energy storage will grow 122 times by 2040, but South Africa
is not singled out as a top market
Energy storage installations
GW, cumulative

BNEF does not single out South
Africa (or even Africa as a region) as a
top market for energy storage in its
assessments

Source: BNEF

The reality is that South Africa alone is already a top market for energy storage
Quarterly
residential energy storage shipments
› .
MWh

• In 2020, South
Africa was the
6th largest
residential
energy storage
market in the
world
• The top five are
much wealthier,
developed
economies.
Source: HIS Markit, https://www.pv-magazine.com/2021/04/13/strong-growth-ahead-for-battery-storage/

South Africa is contracting nearly 1300 MW in utility storage during 2021 for
installation principally in 2022
Expected or existing utility scale storage procurement in South Africa during 2021, MW

Eskom BESS Programme

• SA utility ESKOM tendered in April 2021 for 198 MW and 827
MWh as part of a World bank funded BESS programme;
• A further 152 MW is expected to be tendered later in 2021

350

RMI4P Projects

• 4 projects featuring a total of 428MW in battery storage colocated with Gx assets were awarded as IPPs in Q1 2021
• While a total of 8 projects and 1850 MW were awarded,
most used gas and only 428MW used storage

428

IPP BESS Procurement

• An ESS-specific IPP round announced for H2 2021 by
Department of Mineral Resources and Energy for 513MW
• Amount is driven by allocation in the SA IRP 2019

513

1291

Total

0

500

Source: Eskom, IPP Office, DMRE, Bushveld Energy analysis
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• A total of nearly 1300 MW of utility scale storage is being
contracted in SA alone during 2021
• Most, if not all of this, is likely to be installed during 2022
• All is likely to be battery storage

South Africa is likely to be a top 5 BESS market in 2022
Forecasted 2022 utility scale installations
MW
•

9000
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•

5000

•

4000
3000
2000

•

1000

0
South Africa

USA

Global

~8000 MW of utility energy
storage is forecast globally for
2022 by Guidehouse Insights,
although it assumes negligible
capacity from Africa
South African may represent
~15% of the 2022 global market
The US utility energy storage
market is forecast to be ~4200
MW by Wood Mackenzie
While the US market is the largest
and roughly half of the global
market, South Africa is likely to be
larger than all but two or three
other countries in 2022

Source: USA forecast from Wood Mackenzie P&R/ESA U S energy storage monitor 2020 year in review; Global forecast from Guidehouse Insights; South
Africa forecast based on Bushveld Energy analysis

Additional thoughts on the South Africa energy storage market
• While South Africa is already the 6th largest residential ESS market and
will likely be a top-5 utility ESS market in 2022, there is additional
demand from C&I users and potential series of procurements by
municipal distribution networks
• The utility ESS demand in South Africa is unique in a number of ways
• Virtually all of the demand is long duration, with all procured
systems at least 4 hours in duration and some possibly exceeding 8
hours
• Growth in the market from virtually non-existent to top-5 is rare,
possibly matched only by S. Korea in the late 2010’s
• Unlike other large ESS markets, such as the US, China and S. Korea,
SA does not have a mature domestic ESS supply chain, creating a
massive opportunity for a local energy storage industry
Source: Bushveld Energy

Localisation opportunities for VRFB’s

Transition = growing demand for minerals for Energy Storage

SOURCE: World Bank Group

South Africa has significant important mineral deposits
Percentage of global supply reserve base located in South Africa
20031
Platinum-group metals
Manganese

Chromium
Vermiculite
Alumino-silicates

Gold

•

Titanium
•

Vanadium

Zirconium

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

Fluorspar
0

20

1 2008 data for Gold and 2014 data for Vanadium
SOURCE: South Africa Mining Industry Business Opportunities Handbook, 2013; USGS, 2014
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Vanadium is a more significant contributor to the cost of VRFBs than key minerals in
comparative battery technologies
Higher dependence on a single commodity, makes VRFBs more
important to countries with high vanadium resources, such as
China and South Africa
Mineral cost contribution to respective battery1 %
35

Vanadium’s cost contribution to
a VRFB is greater than minerals in
other battery technologies

30
25
20
15
10
5
0

Vanadium

Cobalt

Lithium
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When the costs of all raw materials are considered, VRFB’s have the highest of
any other battery technology
Estimated cost of raw materials for different battery chemistries
VRFB
•

With scale and maturity, the
relative cost contribution of raw
materials compared to other
components increases, creating a
cost floor to any battery
chemistry;

•

Financial innovation around
mineral leasing or renting as part
of the circular economy can
reduce or eliminate the issue of
the cost of materials.

Raw material costs contribute more to a VRFB than any other battery technology
Source: RMI
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SAREM recognises the full value chain for VRFB’s as highly feasible

Insert Your Footer Here
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Vanadium Resources of Bushveld Minerals
Vametco

Map of Assets and Operations

▪ Mine and processing facility
▪ >30 year mine life (ore reserves)
▪ 184.2 Mt indicated & inferred resource,
including 46.4 Mt of reserves at 2.0% V2O5 in
magnetite

Vanchem
▪ Primary processing facility
▪ 3-kiln configuration

Brits
▪ 66.8 Mt indicated and inferred resource of
1.6% V205 in magnetite
▪ Potential future ore feed for Vametco and
Vanchem

▪ Assets are located in South Africa, which is host to
the largest high-grade primary vanadium deposits
in the world
▪ The Vametco, Brits and Mokopane comprise a total
JORC-compliant resource base of at least 549 Mt
(100 % basis), including 75 Mt (100 % basis) of
JORC-compliant reserves.
▪ Some of the highest primary grades in the world
(1.6% – 2.0% V205 in magnetite)
▪ Deposits and processing plants well serviced with
logistics infrastructure

Mokopane
▪ 298 Mt resource, including 28.5 Mt reserves
with grade of 1.75% V205 in-magnetite.
▪ To become primary source of feedstock for
Vanchem
1. DFS: Definitive feasibility study
2. An application has been made to delay the start of operations until July 2022
Note all quoted resources and reserves are JORC compliant
Source: Bushveld Minerals
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Bushveld Energy – Developing the South
African VRFB market

Bushveld Energy Overview – South Africa

Long-Duration Energy
Storage Solutions
Provider

Low cost, vertically
integrated primary
vanadium producer
1. OEMs: Original equipment manufacturers. 2. Enerox: Enerox GmbH ; 3. Invinity: Invinity
Energy Systems; 4. ESS: Energy storage System

Deployment

▪ Self generation opportunity of >125 MW of
solar PV and 180 MWh of battery ESS4.
▪ Collaborative Market Development of VFRB
projects.

Manufacturing

▪ Invested in 2 OEMs1, Enerox2 and Invinity3.
▪ Support local VRFB assembly in South Africa.

Electrolyte
Fund

▪ Electrolyte = no degradation + captured
Vanadium value = high residual value.
▪ Fund leases electrolyte to project = reduced
Levelised Cost of Storage.

Electrolyte
Manufacturing

▪ Building a 200 MWh capacity electrolyte
(~1,100 mtVp.a) manufacturing facility in East
London.

Processing

▪ 2 low cost processing facilities.

Mining

▪ Large, high grade, JORC compliant resource (~
550 Mt grading ~1.6%-2.0% V205) .
▪ 3 deposits, serviced with logistics
infrastructure.
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BELCO – The VRFB electrolyte manufacturing company
› 200 MWh / 8 million liter p.a. vanadium
electrolyte plant in the East London IDZ.

› JV between Bushveld Energy and the
IDC
› Capex of R320m
› 50-60 Employees initially.

Current Progress Site Construction

Current Progress Site Construction

Current Progress Site Construction

Current Progress Site Construction

Our 4,5 MWp solar and 1 MW/ 4 MWh Vametco hybrid mini-grid (visualisation)

Thank you & Questions
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Appendix: Definitions and relationships of key vanadium mining, chemicals and energy metrics
Mining Metrics
▪ Vanadium – Vanadium is a chemical element with the symbol V and atomic number 23. It has a molar mass
of 50,94 g/mol.
▪ AMV – is Ammonium Metavanadate, an inorganic compound with the formula NH4VO3. It is a white solid,
although samples are often yellow owing to impurities of V2O5. It is an important intermediate product in
the purification of vanadium;
▪ V205 – is the inorganic compound with formula V2O5. Also known as vanadium pentoxide, is a brown /
yellow solid. It consists of 56% vanadium and 44% oxygen. It is a traded commodity used to produce
Ferrovanadium and vanadium chemicals;
▪ V2O3 - is the inorganic compound with formula V2O3. Also known as vanadium trioxide or HiVOx, it consists
of 66,6% vanadium and 33,3% oxygen. It is a specialized oxide produced by a limited number of companies,
including Vanchem;
▪ MVO – is Modified Vanadium Oxide, which is a substance uniquely produced at Vametco as an interim
product during processing vanadium into Nitrovan. It consists primarily of V2O3 but can also contain other
oxide formulations (V2O2, VO2, etc.). Its vanadium content ranges from 62% to 67%, depending on how the
processing plant is operating;
▪ Ferrovanadium (“FeV”) – is an alloy formed by combining iron and vanadium with 78,5% to 82% of
vanadium content. It is a traded commodity used as an additive in higher grade steels;
▪ Nitrovan – is a trademarked version of vanadium carbonitride or VCN and uniquely produced by Vametco. It
has similar microalloying properties to FeV but is the preferred microalloying element in high nitrogen
containing steels and comprise of 76% to 78,5% V.
Electrolyte Metrics
▪ Molarity - Molarity (or “mol”) describes the number of moles of a substance per liter of liquid. For example,
a 1.6 mol solution of vanadium will contain 81,5 grams of V per litre;
▪ Electrolyte - a liquid or gel which contains ions and can be decomposed by electrolysis for instance present
in a battery. In VRFBs, the electrolyte consists of vanadium, water and chemical stabilizers, such as sulphuric
acid (“H₂SO₄”) or hydrochloric acid (“HCl”).
Electrical Energy Metrics
▪ Megawatt - a unit of power equal to one million watts, used especially as a measure of the power output of
a power station or a battery;
▪ Megawatt Hours – a megawatt hour (“MWh”) is a unit of measurement of energy equal to one million-watt
hours or 1000 Kilowatt hours (“kWh”) of electrical power used continuously for one hour. For example, a
4MWh battery can output 1MW of power for 4 hours or 0.5MW for 8 hours;
▪ Battery Efficiency / Roundtrip Efficiency – is a measure of how much energy is lost during the process of
charging and discharging a battery. For example, battery efficiency of 70% means that for every 1MWh of
energy that the battery is charged, only 0.7MWh can be discharged;
▪ Degradation – the process by which energy capacity in a battery decreases over battery life.

Mining
Product
Vanadium
AMV
V205
V203
MVO
FeV
Nitrovan

V contained %
100%
43,6%
56%
66,6%
62% - 67%
78,5% - 82%
76% - 78,5%

Electrolyte Conversion (Kg V)
Molarity
Litres of
1,6
1,8
Electrolyte
1
0,08
0,09
1 000
81,5
91,7
1 000 000 81 506 91 695
8 000 000 652 051 733 558

2,4
0,12
122,3
122 260
978 077

Energy Conversion
MWh

1
4
10
200
1 000

Tons V
required

Tons V205 Litres of
required Electrolyte*

6t
22t
55t
1 100t
5 500t

* Assuming 1.6 molarity

10t
39t
98t
1 964t
9 818t

65l
259l
647l
12 931l
64 655l

