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Today, we will attempt to cover five topics

I.
II.
III.
IV.
V.

Provide an overview of stationary energy storage
Note the market potential of this sub-sector

Review key technologies
Cover a few recent global trends
Highlight opportunities to couple storage with solar
generation in South Africa and across the continent

I. 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

Source: Bushveld Energy, Press

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

I. 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)

I. The growth in electrical energy supply is driven mostly by renewable
energy, particularly solar photovoltaic generation
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)

I. Electricity use can be broken down along three or four categories
World final electricity demand by sector, PWh / year
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II. Today, stationary storage is the most nascent but fastest growing
sector
Total Energy Storage Market, MWh
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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
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II. Thus, stationary storage on its own is a massive sub-industry
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Energy storage market adoption and recent trends

• According to Navigant Research, stationary energy
storage demand is growing rapidly at a rate of 58% p.a.
and will exceed 100GWh by 2027

US billion

MWh

Annual Installed Stationary Energy Storage Capacity and Deployment
Revenue

• According to Bloomberg New Energy Finance (BNEF)
- Falling energy storage costs, coupled with the
ongoing adoption of renewable energy in key
markets, will encourage co-location at an
unprecedented rate
- “Energy Storage Market is projected to grow from
US$5.7 billion in 2020 to US$7.3 billion by 2021
during the forecast period. The major factors include
growing need for continuous power from critical
infrastructure sectors and the rising need to integrate
renewable energy sources and rural electrification.”
- “Energy storage installations around the world will
multiply exponentially, from a modest 9GW/17GWh
deployed as of 2018 to 1,095GW/2,850GWh by
2040,… This 122-fold boom of stationary energy
storage over the next two decades will require $662
billion of investment.”

II. Energy forecasts for new technologies may significantly
undervalue actual growth potential
Solar PV growth continues to exceed forecasts
Annual PV additions: historic data vs IEA WEO
Predictions in GW of added capacity per year

The same phenomenon is occurring with energy storage, BNEF has ~
tripled its 2030 energy storage market forecast the past four years
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III. 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
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III. The need for energy storage is mostly determined by whether
power or energy is the priority
Stationary storage applications
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III. Unsurprisingly, different storage technologies are better for
power or energy
Stationary storage technologies
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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
• Batteries are very popular now
because of their flexibility in power
and discharge duration configurations
• Thermal storage is missing from this
framework and would cover large
power requirements with around a day
of storage
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III. Besides suitability for certain applications, energy storage
technologies vary in their technical performance and lifespan
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 – 10

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
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100,000 +
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Flywheel
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Source: Navigant Research

Estimated Cycle Life

100,000 +

III. Multiple technologies are already commercially viable, though
lithium ion, especially LFP, is the most dynamic right now
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

III. Many factors go into the cost of energy storage
Observations
•

•

•

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 augmentation, temperature, Depth of Discharge
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)

AC equipment
Upfront (capital) cost

Total cost of an energy
storage site

•

DC block

Media focuses on the cost of
lithium-ion cells, targeting
$100/kWh

+

Housing, grid &
interconnections

+

On-going annual
operating and
maintenance cost

+

Availability
Financing…costs

IV. The fall in BESS costs is the most important trend in storage
Investment bank Lazard annual levelized cost of battery energy storage systems (BESS) analysis shows significant
declines across uses cases of BESS over the past 3 years, especially on micro-grids
USD / kWh, levelised costs
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SOURCE: Lazard’s Levelised Cost of Energy Storage Analysis – Version 3.0 (November 2017); Lazard’s Levelised Cost of Energy Storage Analysis – Version 6.0 (October 2020;

IV. A key emerging trend is towards long duration storage
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,%
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IV. The US alone offers over 70GW long duration energy storage
capacity, with nearly half of that of 8hr duration applications

The US state of
California is presently
considering multiple
mandates for 6-12
hour, “long duration”
storage

Source: NREL

IV. Using one BESS for multiple uses to maximise value is another trend
Energy Storage project economics analysed by Lazard in the Value Snapshots
25%

20%
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•

22.8%

U.S.
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International

Projects that derive value from a battery through
multiple uses yield higher rates of return
The more flexible a battery technology, the more
value it can 20.1%
create
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•

14.…
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1 Lazard’s Value Snapshot analysis intentionally excluded a Transmission and Distribution use case from its international analysis.
Source: Lazard – Levelized Cost of Energy Storage 4.0

IV. A negative trend is that the 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

• 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;
Lithium ion
• 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

Companies
involved

Arizona, USA

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-investigatessource-of-belgian-battery-blaze, www.greentechmedia.com/articles/read/what-we-know-and-dont-know-about-the-fire-at-an-aps-battery-facility

V. In South Africa, the IRP2019 has a dedicated allocation for
energy storage

SOURCE: SA IRP2019; SAESA

V. The allocation is significant - 2000MW+ of new capacity in 10 years
Existing capacity in South Africa of 2,912MW,
principally Pumped Hydro (PHS)
New capacity of 513MW in the next 4 years
• 350MW likely under the announced Eskom
programme;
• A further 163MW available that is not
allocated;
Further 1, 575 MW capacity of 513MW over
the following 7 years
• Despite allocation in one year, may well be
distributed over preceding years;
• May change over time, if newer IRP
versions are promulgated in future;

•
•

SOURCE: SA IRP2019; SAESA

Total capacity of 5,000MW or 6.35% of
entire power system;
1.2% of total electrical energy will go
through storage in South Africa.

Some implications of 1.2%
• The median demand forecast in the IRP
expects around 320 TWh of electrical
energy consumed in 2029, implying that
1.2% is 3.84 TWh;
• Based on usability assumptions and the
5GW total expected installed base, we
can derive the required average
duration required from the storage:
• If 200 days, per annum, then
19.2GWh is used per day, equating
to an average of 4 hours per GW;
• If 250 days, then it equates to 2.7
hours per GW;
• This is a simplistic calculation, as
pumped hydro schemes form
nearly 60% of the capacity and
may offer 12+ hours of storage but
be unable to recharge on a daily or
hourly basis;

V. There may be much more storage beyond the dedicated allocation

Some uncertainty
remains:
• Regulatory
interpretation
of standalone
versus colocated storage;
• Power system
needs and user
needs
• Future design
and
implementation
of the
Renewable
Energy
Procurement
Programme
1

SOURCE: SA IRP2019; SAESA

2

• The upside for storage within
the IRP is much higher.
• No detail on whether new
storage is standalone or
whether it includes storage
that may be co-located
with a generator.
• Eskom’s battery
programme features both,
with most of the storage in
Eskom’s plan standalone.
• Three sources of potentially
even higher amounts storage
through co-location with:
1. Solar PV – which is
expected to add a further
6800 MW in generation
through 2030;
2. Embedded generation –is
an opportunity for small
and medium sized storage
that could be coupled with
behind the meter solar.

V. South Africa is poised to become a top-5 global market for storage,
with at least three solar plus storage procurement opportunities
I. RMIPPP

II. REIPP R5

III. Municipal
procurement

SOURCE: Bushveld Energy

• Risk Mitigation Independent Power Producer Procurement out for bids by 22 December;
• Requires gas and / or long duration storage to be coupled with renewable energy generation to
meet dispatchability requirements.
• Some sites require up to 8 hours of storage. Installation required by June 2022, making local
supply or components problematic. Usually local content requirements may be waived;
• Renewable Energy Independent Power Producer Round 5 may be launched as early as
December 2020;
• Storage likely to be permitted if co-located with wind or solar PV.
• Timelines for delivering these projects will be ~3 years and local content requirements are likely
to be at least 45% and not waivable.

• SA municipalities can now purchase electricity directly from producers, rather than only Eskom;
• Programmes already under development for procurement of storage and / or electricity from
IPPs.

V. The technical and commercial case for solar and storage is
ubiquitous for Africa overall
Africa has the world’s best solar radiation

SOURCE: SolarGis: 2015 GeoModel Solar

V. The technical and commercial cases for off-grid or grid-connected
PV + BESS minigrids are already here
Context to off-grid example
• Typically, off-grid loads are powered
by diesel or HFO generators that
produce expensive and CO2
intensive energy;
• Solar PV can be added to displace
some of the thermal generation,
typically 20-25%;
• This raises technical challenges
that these generators were not
designed to address, including
rapid response to voltage changes
from the PV;
• Rapid response capabilities of
BESS cover these technical issues
and can provide a reference frame;
• Adding storage can also increase
PV to displace 70-90% of thermal
generation

SOURCE: Bushveld Energy

Overview of technical configuration
Site controller
(Modbus)
LoadAC

Generator
Transformer
InverterAC

BESSDC

PVDC string

PVDC string

V. Adding 4-6 hours of storage, increases the amount of
energy that can be provided by PV to 70-90%

•
•
•
•

In this scenario, PV is built not to the energy rather than power requirements of the electrical load;
A long duration battery will be used, with recharge time from the solar PV the major constraint;
Power of PV will typically by 5-7 times the load size and battery will be 2-3 times;
Solution offers cheaper and cleaner electricity for 3-4 times the amount of installing PV alone.

www.bushveldenergy.com
www.bushveldminerals.com

