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Ganfeng leads lithium into
new era as IPO season
tests investor appetite
By Simon Moores
Investment sentiment surrounding
the lithium industry entering into
Q4 has started to turn negative at a
time when the industry enters what
Benchmark Mineral Intelligence has
termed the Era of the IPO.
The lithium industry’s leading
producers - Ganfeng Lithium, Tianqi
Lithium, and FMC Lithium (soon
to be rebranded Livent) - are on
the verge of initiating initial public
offerings (IPO) to become the first
lithium producers since Orocobre
to be pure-play lithium companies
floated on an exchange.
China’s Ganfeng Lithium is
expected to beat its competition to
its IPO with a listing on the Hong
Kong Stock Exchange, seeking
$676m from a first-time share sale.
Its fellow lithium chemicals
competitor, Tianqi Lithium Corp, is
also seeking a Hong Kong launch at
a reported $1bn valuation.
Meanwhile, the IPO receiving
most attention – certainly from New
York and London based institutional
investors – is that of FMC Corp’s lithium
spin off IPO under the name Livent.
The valuation of Livent will be
a real barometer of investment
appetite for lithium stocks which
have suffered in 2018.
There have been investor fears of
oversupply for the last 12 months
and the performance of China’s
domestic lithium carbonate prices,
despite not being matched by
the rest of the world prices, have
sparked concern.
Yet, for medium-to-longer term
lithium investors it has provided
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a buying opportunity that three
major producers set to go public are
seeking to take advantage of.
Ganfeng has been the most active
deal maker of the three suppliers.

be underestimated.
Only a few years ago in 2015,
the lithium hydroxide market was
40,000 tonnes and has grown to a
forecasted 75,000 tonnes in size this

It is a specialist converter of a
wide variety of lithium chemicals
including the in-demand battery
grade lithium hydroxide and lithium
metal. It has also been the most
aggressive in its expansion plans
and striking supply-side deals for
feedstock spodumene material with
Pilbara Minerals, Mineral Resources
and Neometals.
Ganfeng’s latest and most
significant supply side investment to
date was securing 37.5% of Lithium
Americas and its Cauchari brine
project from rival SQM.
However, it is the producer’s
consumer-side activity in the
build-up to its IPO that has surprised
many participants and ensured
lithium’s medium-to-long-term
demand outlook continues to
strengthen.
Lithium hydroxide and lithium
carbonate supply deals with LG
Chem, Tesla, and BMW have set the
tone for a new era of major longterm supply deals that are in the
tens of thousands of tonnes a year.
Ganfeng’s deal with LG Chem
was the most significant in terms
of volumes. Having firstly agreed a
47,600-tonne lithium hydroxide deal
covering a four-year period between
2019 and 2022. The producer then
extended this deal by 45,000 tonnes
of lithium hydroxide and carbonate
between 2019 and 2025 to a total
contracted size of 92,600 tonnes.
A deal of this significance cannot

year.
The LG Chem deal, with one
customer alone, exceeds this.
Benchmark Minerals expects this
supply to provide at least 40% of
LG Chem’s lithium hydroxide needs
between 2019 and 2022 as it ramps
up from 29.5GWh in 2018 to an
estimated 80GWh in 2022.
Should LG Chem be operating
at 80GWh by 2022, it will require
61,600 tonnes of lithium hydroxide
for that year.
LG Chem have emerged in 2018
as being the most aggressive
battery maker, overtaking the much
talked about Chinese producer,
CATL which also underwent its own
IPO in June 2018.
While CATL grabbed headlines in
2017 with plans to produce 100GWh
of NCM cells by 2025, it later scaled
this back to 50GWh capacity.
LG Chem on the other hand have
ramped up their plans in the last 12
months and subtly increased their
capacity expansions, plant by plant,
to a cumulative 100GWh of capacity
by 2023, according to Benchmark
Mineral Intelligence data from its
Battery Megafactories subscription
service.
Soon after this development,
Ganfeng made public a new deal
with Tesla for “20% of its supply” in a
deal that Benchmark estimates will
equate to 14,000 tonnes to 18,000
tonnes a year between January 2018
and December 2020.

Tesla’s shift in strategy
For Tesla, it marks a shift in raw
material supply chain strategy as it
now appears willing to strike large,
long term lithium supply deals when
in the past it was reliant on smaller
volume contracts to top up what
partner, Panasonic, had locked up in
contracts.
The only previous public deals for
Tesla were with lithium development
stage companies, Kidman Resources,
Pure Energy Minerals and Bacanora
Minerals each of which would have
not yielded any near-term lithium
supply.
Concerns will have been raised
with Kidman’s deal after fresh doubt
was cast on the developer that is
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biggest consumer of lithium ion
batteries in 2019 relying on 11.5GWh
from Panasonic’s Suminoe plant in
Japan producing 18650 NCA cells for
the Model X and Model S and at least
30GWh of 2170 NCA cells with are all
destined for Model 3.
It has to be noted that the
Gigafactory’s resounding success in
ramping up battery cell production
capacity is in large thanks to
Panasonic, which is not only a part
owner of the battery megafactory but
also operates the cell manufacturing
portion of the plant.
As the Benchmark Quarterly
Review was going to press, yet another
major deal was announced: Ganfeng’s
five-year supply deal with BMW.

While few public details emerged,
Henry Sanderson from the Financial
Times reported that Ganfeng Lithium
can supply “as much lithium as
Munich-based BMW needs”.
Considering BMW signed a major
partnership with Chinese battery
producer CATL earlier in the year, it
is a fair assumption that this lithium
deal ties Ganfeng in to CATL’s supply
chain and with it the world’s top three
lithium ion battery producers for the
next 3 to 5 years.

and the investment spaces.
Speaking with market participants
and institutional investors around
the world, it has been quite
interesting for Benchmark to see the
disconnection between the actual
lithium market and the investment
space.
Short term investor sentiment
has been hovering over lithium in
2018, which Lachlan Shaw, Head
of Commodities Strategy at UBS,
described on the Benchmark World
Tour as a “lithium air pocket”.
Disconnection
It was an apt phrase used to
Despite the flurry of major news in
describe the 51% fall in price of
the past few months, the lithium
Benchmark Minerals China EXW
industry has been suffering from
Lithium Carbonate, Technical Grade
negative sentiment both within China since May which is at odds with

▲

hoping the build Western Australia’s
next spodumene mine (see article
on p.13 ‘SQM hits more obstacles on
path to lithium expansions’ )
The Mount Holland project is part
of an alliance with Chile’s SQM which
has already agreed to invest $110m
to develop the mine.
For Tesla, the deal making is set to
continue as the Gigafactory ramps
up to 35GWh next year and its
lithium hydroxide needs will rise to
25,000 tpa.
The Gigafactory success will make
Tesla the owner of the world’s biggest
battery producer come the end of
2019 and the third largest producer
behind LG Chem and Panasonic.
It will also become the world’s

BENCHMARK Q3 review 2018 | 11

lithium

news analysis

LITHIUM HYDROXIDE: THE CHEMICAL OF THE MOMENT
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▲

the price performance of other rest
of the world grades and lithium’s
medium-term prospects.
This air pocket and price fall was
sparked by new lithium carbonate
supplies from Qinghai in H1 2018
while Chinese EV and battery
demand lagged.
Qinghai, China’s only lithium
brine producing area, has increased
its output by almost double from
15,000 tpa in 2017 to an expected
25-30,000 tpa by the end of
2018.
While quality remains a major
issue for the region, the lithium
carbonate - much of which is lower
quality than technical grade - is
being purchased and upgraded for
other lithium markets outside of
batteries.
Some of this new supply is
also being converted into lithium
hydroxide within China.
All in all, these factors have
conspired to push down the
technical grade lithium price which
has spilled over to the battery grade
lithium price, despite the majority of
Qinghai’s material not being used in
battery production.
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Sentiment within China has
been negative for lithium for
some time. Many consumers of
lithium chemicals have felt that
the producers - which are primarily
converters of spodumene from
Australia - have been making
significant profits at the expense of
the downstream.
Lithium hydroxide prices within
China have been north of $20/kg
since January 2017 - something
which has left a bitter taste with end
users.
What has left the world’s lithium
industry perplexed is the outside
view that this unique situation in
China is symptomatic of the whole
industry.
This is not the case.
Benchmark Minerals prices
are presently at $14,500/tonne for
lithium carbonate (FOB S. America)
and $17,000/tonne for lithium
hydroxide (FOB N. America)
Another factor that has added to
the air of lithium negativity is the
fear of oversupply.
For at least a year and a half now,
the investment community has
feared a “flood of lithium” entering

Source: Benchmark Mineral Intelligence

the market through new spodumene
mines opening in Australia feeding
into ever increasing conversion
capacity in China.
Benchmark Minerals outlined
its views towards this in its
Lithium Research Notes in January
and June (These are available
through Benchmark’s Lithium Price
Assessments Subscription).
Yet fear has not left the
investment space, despite lithium’s
medium- and long-term demand
prospects increasing during this time
and with lithium demand growing
over 20% a year.
In the middle of last year, lithium
began to garner interest from shortterm speculators.
“SQM’s share price is down
roughly 30% year to date. This is a
company that is one of the largest
lithium producers in the world,
with demand increasing at 20% per
year,” lithium investment expert,
Chris Berry of House Mountain
Partners told Benchmark Quarterly
Review.
“SQM has unique pricing power
due to its production history and is
also expanding production capacity

at by far the lowest capital intensity
in the world. It seems that the
share price performance and the
company’s ability to execute are
disconnected.”
In another example of this
disconnection, Berry explained the
stock performance of Australia’s
Pilbara Minerals.
“This is a company in the
early stages of ramping lithium
concentrate production, fully
funded, with world class off take
partners in place and aggressive
expansion plans. The company has
executed its plans really well thus
far and yet the share price tells a
different story.”
“Perhaps the shares are finding
a new base and, to paraphrase
Winston Churchill, ‘we are at the end
of the beginning’ of lithium’s run,”
Berry added.
Poorly researched, ill-conceived
and irresponsible reports have not
helped the cause of investors in
the lithium space. This is why share
prices are a far cry from the real
lithium industry state of play.
Yet it is this environment that
welcome’s lithium’s Era of the IPO.
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SQM hits more obstacles on
path to lithium expansions
Q3 has proved to be another
milestone quarter in SQM’s attempts
to expand its lithium production.
Firstly, the Chilean water authority
challenged the water extraction
rights of mining companies in the
Atacama. This is not expected to
have a direct impact on lithium
producers but may create a
potential longer-term hurdle to
future expansion in what is already a
difficult licensing environment.
Secondly, and potentially more
worryingly, the Western Australian
(WA) government ruled against
bypassing certain requirements,
which may see Kidman Resources
struggle to obtain the permits
needed for their new spodumene
operation. This is a decision that sent
shockwaves through the Australian
lithium space. It was unexpected to
say the least.
This was in the same week that
SQM also challenged the ruling
of Chilean antitrust regulator
Fiscalía Nacional Económica (FNE)
to allow the acquisition of Potash
Corp’s stake in SQM by Tianqi. In a
press release issued in September
SQM voiced its opposition to the
agreement, which centred around
SQM’s fears that it would hamper

free competition.
At the start of the year the outlook
for SQM looked much more positive.
After 2018 began with an end
to the CORFO dispute – which had
blocked their Atacama expansions
since 2014 - the company seemed
well positioned to expand
production and grow market share.
In addition to a new agreement
for expansions in the Atacama,
the company had partnered with
two leading development stage
companies in Argentinian brine
developer Lithium Americas Corp
(LAC), and Kidman Resources which is
developing a spodumene operation
in Australia.
The company seemed so
comfortable with their position and
future plans that they even agreed
to sell their stake in the LAC asset
in August, a move which may come

back to haunt them in light of recent
revelations.
The announcement of Tianqi’s
intention to buy an almost 25%
stake in the company then promised
collaboration (if only in ownership
terms) between two of the lithium
industry’s superpowers.

What are the implications of
the latest developments for
SQM?
Their initial plans for expansion in
Chile seem secure but questions
remain over the longer-term political
obstacles, ongoing ownership
disputes and potential licensing
hurdles.
Outside of Chile it would be
difficult for SQM to expand its brine
output, having sold its LAC stake to
Ganfeng in August and with most
other producers at an early stage.

Looking to their Australian
interests, the WA government’s
decision not to exempt Kidman
Resources from minimum spending
requirements is a significant hurdle
to the Kidman-SQM joint venture.
Although the decision is not final it
could open up the Mount Holland
development to other parties,
forfeiting Kidman’s and SQM’s
interest. The decision-making
process could delay the spodumene
project’s development regardless of
the outcome.
In hindsight, it has made SQM’s
decision to sell its Lithium Americas
stake to competitor, Ganfeng
Lithium, all the more significant.
Even though long term it looks like
a sensible decision for all parties,
short term the pressure is now on.
Kidman are important to SQM’s
post-2023 lithium hydroxide
expansion plans as there is a shift
towards hydroxide-based cathode
chemistries. Kidman had agreed a
take-or-pay deal with Tesla in May
2018 to buy 5,000 tonnes of lithium
hydroxide.
It seems inevitable that
ownership uncertainty will continue
until it’s established who will
purchase Potash Corp’s stake in
SQM. If the Tianqi deal falls through
who could step in? Considering
SQM’s protestations over the Tianqi
deal, questions about ownership
may remain even if the purchase is
completed.

A BUMPY ROAD: SQM’s PATH TO LITHIUM EXPANSIONS
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graphite

Graphite’s trade war tailwinds

Credit: Håkan Dahlström

the potential that sanctions could
extend to these functional materials
which are critical to the US battery
growth.
For US consumers, potential
increases in anode costs are a
particular concern due to China’s
dominance of supply. China
controls the global market for
anode materials and although
some processing capacity exists
in other parts of Asia, China is the
only country to have control of the
supply chain from raw material to
functional battery material.
In addition, anode material

www.benchmarkminerals.com

has been the dominant producer
and exporter to global markets for
a generation and a new 10% tax is
likely to make Chinese suppliers –
already suffering under pressures
of increasing costs – even less
competitive.
As a result, the tariffs threaten to
accelerate the evolution of China’s
role in the graphite market, with
efforts already increasing to cultivate
greater domestic consumption for
value-added processing.
However, the sanctions could
prove more problematic for US
consumers which remain largely
dependent on Chinese graphite

exports despite the ramp up of new
operations in other parts of the
world.

Advanced materials
Interestingly while President Trump’s
latest round trade tariffs have
extended to raw material markets,
they avoided increased taxes on
many advanced materials.
With the US battery market still
in its infancy, emerging producers
such as Tesla remain dependent on
Asian suppliers (in particular China)
for their input components, namely
anode and cathode materials.
As trade tensions escalate there is

Graphite prices have increased steadily this year
5,000

Spherical uncoated (99.95% 25 microns)
Spherical uncoated (99.95% 10 microns)
Spherical uncoated (99.95% 15 microns)

USD/tonne

The deepening trade war between
US and China threatened to spill
over into critical battery raw
material markets in Q3 2018 with
the Trump administration proposing
a wave of new sanctions on Chinese
imports.
In June, the US government took
the decision to introduce a 25% ad
valorem tax on Chinese imports
with an annual trade value of
around $34bn USD and by early-July
the administration threatened to
extend this to a further $16bn worth
of products, as well as a separate
10% tariff on goods with a value of
around $200bn.
This additional 10% tariff, which
came in response to Chinese
retaliatory measures, was brought
into effect in mid-September and
included several key battery raw
material markets including flake
graphite, artificial graphite, lithium
carbonate, lithium hydroxide, cobalt
ores and intermediates.
Given the US imports very small
quantities of lithium and cobalt from
China, and the majority of
its cathode production takes place
in Asia, the measures will not have
an immediate impact on these
sectors.
For graphite, however, China

prices have been increasing steadily
throughout 2018 due to increased
demand, taking uncoated spherical
graphite prices to their highest
levels on record, according to
the Benchmark Graphite Price
Assessment.
Battery raw material price risk
has been a growing concern for
battery producers in the light of
recent spikes in lithium and cobalt
market, and graphite has come
under scrutiny from across the
supply chain in recent months from
a supply security perspective.
Increased trade tensions between
two major players in the battery
market are likely to heighten these
concerns and could put critical
material markets in the spotlight
as both countries seek to gain a
strategic advantage.
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Could nickel be the next battery
raw material facing a supply cliff?
By Andrew Leyland, Head of
Forecasting & Consultancy
While the world seems settled that
current and near-term lithium-ion
battery investments will have time
to fully depreciate ahead of any
game-changing new technology,
there remains more debate about
what cathode formulations will be
at the forefront of the market.
The cost savings and relative
thermal stability of 523 and 622
chemistries have made them
the go-to, along with NCA, of
the electric vehicle (EV)industry.
However, increasingly positive
announcements about the
“commercialisation” of 811 have
many forecasting that this will be
the prevailing technology in the
coming decade, offering greater
energy density and yet lower
costs. The reality, however, is
that mass 811 adoption faces far
greater challenges than the move
to 622, with smaller cost savings
than initial substitution away from
111 brought to the industry.
The move to a cathode which
is, broadly, eight parts nickel to
one-part cobalt and one part
manganese also means that
the nickel market will have to
absorb not just massive demand
growth from EVs, but also marked
substitution towards nickel at the
expense of cobalt.
Nickel sulphate consumed in
lithium-ion batteries (excluding
NiMH) is currently a relatively small
proportion of the 2.3 million tonne
nickel market, perhaps 30,000
to 40,000 tonnes in total, and
significantly dwarfed by nickel’s
main end-use of stainless steel,
accounting for around 1.5-1.6
million tonnes.
This is set to change. Our base
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case forecast has lithium-ion
battery demand growing to a
whopping 900,000 tonnes of
nickel in the next decade – and
this will have serious ramifications
for the structure of the nickel
market well beyond the battery
industry.

Not all nickel is created
equal
Nickel is produced and consumed
in a variety of formats, commonly
split into class 1 (pellets,
briquettes, electrolytic nickel, cut
cathodes and powders etc) and
class 2 (nickel pig iron, ferro-nickel,
nickel oxides and chemicals)
products.

It’s the class 1 type that has
historically been used in the
battery sector, either produced
directly as a sulphate or converted
from a metal product. Currently
“class 1” accounts for around 1.1
million tonnes of production,
leaving an even smaller market
to absorb the expected demand
growth.
The other side of the equation
is the potential for increased
supply of nickel sulphate, there are
already projects out there focused
on battery grade nickel sulphate,
such as Thakadu Group’s plan to
beneficiate Lonmin’s by-product
nickel from South African platinum
mines.

Furthermore, there have also
been tests to convert nickel pig
iron (NPI) into a nickel sulphate
product. Although given the
additional processing required
it’s assumed this would at a
comparatively high cost, and that
this would see most NPI continue
to flow into the stainless market.
It’s possible that NPI production
would also expand to meet any
supply gap in stainless steel
consumption. But this is likely
to be fraught with risk given
that both the key suppliers,
the Philippines and Indonesia,
have previously threatened NPI
raw material exports for both
environmental reasons, and

www.benchmarkminerals.com

nickel

nickel demand from li-ion batteries in evs
800,000

700,000

n NCM 811
n NCM 622

600,000

n NCM 523
n NCM 111

500,000
Tonnes

n NCM
400,000

300,000

200,000

100,000

0
2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

Source: Benchmark Mineral Intelligence

because it adds relatively little
economic value unless processed
in the source country.
That leaves more traditional
sources of class 1 nickel, most
likely from nickel laterite ores with
a cobalt by-product to fill the gap.
On the surface this sounds like a
win-win combination in supplying
the lithium-ion and EV market with
both nickel and cobalt.
The problem, as always,
is financing. Nickel laterite
operations have a chequered
history when it comes to ramping
up production successfully, the
addition of high-pressure acid
leaching also making them very
capital intensive.
This, coupled with several trips
below the $10,000/tonne price
level for nickel in the past three
years makes investors rightly
cautious.
At least for now it appears that
mining sector capital expenditure
is continuing to favour copper,
gold and low-cost, high-grade, iron
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ore developments at the expense of
world-class nickel assets.

Stainless steel
substitution
One potential way of squaring the
circle is stainless steel substitution
to lower nickel contents and to
other materials.
This is possible in many of the
metal’s current applications, with
the notable exceptions of dairy,
medical and food preparation
industries, where stainless’ bacterial
and germ resistance properties
often see legislation mandating its
use. In others, however, there are
a plethora of competing materials
– notably aluminium, plastics and
galvanised or colour-coated carbon
steels.
When nickel prices spiked to
over $50,000/tonne in 2007 on
the back of low LME stocks and a
flood of fast money, the market saw
substantial substitution. This took a
number of forms.
Firstly, thrifting the amounts of

nickel used in stainless steel by
using more 200 series stainless
with only 2-4% nickel content, and
also using less nickel in 300 series
grades which commonly have 8%
to 10% nickel content.
While this led to problems for
recyclers, and some quality issues,
it’s reasonable to assume that
reduced availability and higher
prices would see a repeat from the
market.
The second form included
wholesale substitution, especially
in the construction, transport and
furnishings industries. Gradually
over the late 2000’s high nickel
grade stainless steel was phased
out of many cost sensitive
applications from coat hangers to
pens to office window frames and
furniture.
A common example of this is
the handrails on older trains and
subway cars tend to be stainless
steel, while they are colour coated
steels on most new rolling stock
around the world. High quality

plastics and plated materials have
also taken away from stainless
steel demand growth over the
years, with more substitution
possible.
The one area unlikely to face
substitution is in nickel sulphate
itself for lithium-ion batteries
as it already is the cost-efficient
substitute for cobalt. To that end
we forecast that it is the stainless
steels sector that will have to make
way for increased nickel demand
from batteries.
While the challenge facing
the nickel industry to meet new
demand growth is large, it is not
insurmountable.
Nickel pig iron has
revolutionised nickel supply over
the past 10 years, proving the
industry can adapt quickly given
the right commercial incentive. It
does remain to be seen where all
the nickel sulphate will come from,
however, and if this will further
delay adoption of 811 cathode
chemistries.
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Korea’s heavyweights
cannot make 811 stick
By Caspar Rawles
Back in 2017 two South Korean
battery heavyweights, LG Chem
and SK Innovation, made bold
claims they would be able to
introduce NCM 811 cathode far
sooner than many in the industry
expected, both outlining plans for
commercial production in H2 2018.
In Q3 2018, both companies
changed the timescales for these
plans, pushing their anticipated
introduction of the technology into
2019.
LG Chem intend to release NCM
811 technology in cylindrical cells
but only for use in energy storage
systems (ESS) such as home storage
and electric buses. Benchmark sees
this as a small-scale introduction
to test the technology. Even
with this early-stage commercial
testing, NCM 811 will require
further development in pouch
and prismatic cells to meet the EV
industry’s preferred format.
For those of us who have been
following the electric vehicle (EV)
revolution closely you will know
that the rising cost of cobalt has
been one of the key areas of focus
for the industry. This, coupled with
serious fears over security of supply,

from a supply chain dominated by
the Democratic Republic of Congo,
has led the industry to look at
reducing its cobalt dependency in
lithium ion cells.
With the EV industry honedin on nickel-cobalt-manganese
(NCM) cathode technology this
is the battleground for lowering
cobalt use, and in turn relying more
heavily on nickel.
When NCM technology was

first introduced to the industry
the constituent parts were in even
ratios; NCM 111 (1 part nickel,
1 cobalt and 1 manganese). As
the industry has moved towards
advanced lithium ion batteries,
this ratio has changed primarily
to NCM 523 (5 nickel, 2 cobalt, 3
manganese) and now NCM 622 is
in commercial use. This reduction
in cobalt (and increase in nickel) is
commonly termed substitution by

the industry.
Alongside the raw material
savings - nickel is cheaper than
cobalt - the move towards 622
has also brought with it increases
in energy density. This crudely
translates to battery packs with an
increased range, or battery packs
shrinking but maintaining their
range – both favourable traits to
the EV industry.
With the introduction of 622 and
a persistently rising cobalt price,
the industry has been focused on
developing the holy grail of NCM
cathode EV technology: NCM 811.
The lowest cobalt, highest energy
density variant we are likely see in
an EV.
We are still some time away
from seeing a material impact on
the cobalt supply chain from the
introduction of 811. We anticipate
seeing the first impact from
developments in China from 2020
onwards and then widespread
international adoption from 2021.
NCM 811 technology is in use
today in other applications, but we
have not seen a global impact on
cobalt demand.
The delay of the introduction of
NCM 811 technology, as shown by
LG Chem and SK Innovation, is no
surprise to Benchmark. For some
time now we have been saying that
these challenges are significant and
will take longer than expected to
overcome.

The challenges of moving to NCM 811
But why the delay? 523 and 622 variants were introduced quite swiftly.
There are a number of engineering and economic challenges associated
with producing NCM 811.
Life cycle
EV manufacturers will offer a warranty on new vehicles sold. While
warranties will vary from manufacturer to manufacturer the ballpark
industry standard for the battery pack will be an 8-year warranty to
maintain 80% of original capacity.
By reducing the amount of cobalt in the cell the wear and tear on the
active cathode materials increases, meaning that the cells might not last
long enough to fulfil the warranty requirements.
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Of course, there would be significant costs to manufacturers if they had to
replace cells or packs for customers under warranty on a large scale. Some
of this increased wear and tear can be managed by chemical doping, but
this increases production costs and still doesn’t mitigate all of the issues.
Only when the lifecycle question is truly overcome will manufacturers be
happy to place these cells in their battery packs.
Cost
On the face of it, there are some significant cost savings by replacing nickel
for cobalt in the cells (the Benchmark Minerals Cobalt Battery Metal Price
in August averaged $74,400/tonne, whereas the LME cash settled nickel for
August averaged $13,429/tonne).
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Cobalt

Substitution: the real impact

which includes NCM cathode type
(the EV cathode of choice by the
industry), NCA (the Panasonic/
Tesla technology) and LCO (used in
consumer electronics).
We have assessed three scenarios
for NCM 811 adoption (from left to
right).
n 15%: in this scenario, we assume
that the challenges around
introducing 811 are too significant
and only a small amount of EV
companies choose to introduce
the technology. It shows the total
cobalt demand if 15% of all NCM
cathodes produced globally use
NCM 811 (the remainder made up
of 622, 523 and 111) which would
result in the total cobalt demand
from batteries of just over 200,000
tonnes/year.

Cobalt demand will continue to grow in all NCM 811 adoption scenarios
205,000
200,000
Tonnes (Co demand batteries)

The challenges around commercial
introduction of NCM 811 are
significant but they will be
overcome.
The key question is how the
introduction of the technology will
impact the cobalt supply chain and
future demand.
The chart on the right shows
Benchmark’s 2026 forecasts of how
changes to cathode technology
might affect total cobalt demand.
The left-hand axis shows total
industry-demand for cobalt,

195,000
190,000
185,000
180,000
175,000
170,000
165,000
160,000
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Source: Benchmark Mineral Intelligence

n 30%: This is our base case
showing the total cobalt demand
from the battery sector globally of
just under 190,000 tonnes/year if
30% of all NCM cathodes produced
globally are 811.
n 45%: This is our most aggressive
adoption scenario. If 45% of NCM
cathodes produced globally are
811 total cobalt demand from the

In some of the stages of NCM 811 production there is a requirement for
an inert environment, this is more challenging and costly than earlier
formulations, and requires a specific production line for 811.
Additionally, cell manufacturers are unlikely to take capacity away from
523 or 622 lines by retooling. It is likely they would need to either expand
current facilities or build a new factory in order to produce 811 cells, which
increases capital expenditure requirements.
Safety and legal framework
As the amount of cobalt in the cell reduces so does thermal stability.
Thermal runaway will affect the cell at lower temperatures, which is when
the cell can no longer cool itself and potentially combust.
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30%
NCM 811 adoption rate (2026)

battery sector would be 175,000
tonnes.
In 2017 total cobalt demand from
the battery industry was just
under 50,000 tonnes. Even in our
most aggressive scenario for 811
adoption this will grow by 3.5
times. This is a staggering figure
for an industry of just 100,000

tonnes total in 2017, and for a
metal that is produced as a byproduct of the copper and nickel
industries.
The key takeaway from this is that
volume of sales far outweighs
what is happening in cathode
development and that the cobalt
crunch has been pushed out by a
few more years.

Despite lithium ion being a very stable technology there are obvious
safety concerns (think Samsung and the Galaxy Note 7) around this. Only
when OEMs (original equipment manufacturers) are satisfied this has been
overcome will these cells be used in EVs.
Safety issues will also increase costs as there will the need for more
advanced thermal management technology at the pack level.
Finally, with OEMs pushing cell manufactures to reduce costs (and
therefore cobalt) a legal framework needs to be developed to establish
responsibility.
Is it the OEM who has sold the EV to market, or is it the cell manufacturer, if
pack fails at the cell level? These discussions are ongoing and will take time
to be resolved.
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Europe’s EV fleet surpasses
the one million mark
Credit: Volkswagen

By Chris Goodfellow
Europe sped past the million
electric vehicle milestone in
mid-2018. The growth has been
impressive, but work needs to be
done to improve incentives and
develop the charging network.
Electric vehicles have achieved
impressive sales growth in Europe,
but the fleet is largely limited to
wealthy nations. The European
Automobile Manufacturers
Association (ACEA) found a strong
correlation between per capita
GDP and customer incentives, and
uptake of electric vehicles.
Market share of EVs is only above
1% in Western European countries
with a GDP per capita of more than
€30,000, according to the 2017
research. In countries with a GDP
below €17,000 the market share
remains close to zero.
“Many people take the
Norwegian market as a benchmark.
But just like its €64,000 [per capita]
GDP, more than twice the European
Union average, Norway’s ECV
share of 29% is an exception in
Europe. Nobody looks at Greece for
instance, where only 32 electricallychargeable cars were sold last year,”
said ACEA Secretary General Erik
Jonnaert.
Jonnaert added that he believes
the vehicles available in the market
today are not sufficient to create

20 | Q3 review 2018 BENCHMARK

demand, calling for “harmonised
and coherent” consumer incentives
and increased investments in
recharging infrastructure.
The historic precedent for
European emissions regulations
is a positive one. The EU’s Euro
vehicle standards, for example,
have been world-leading and are
often imitated by other countries
like the US. The EU has traditionally
remained technological neutrality,
setting emissions targets but
leaving it up to original equipment
manufacturers (OEMs) to decide
how to meet them.
While not setting out specific
solutions emissions legislation
has led to industry-wide
implementation of new technology.
For example, the Euro standards
for HGVs led to the adoption of
Selective Catalytic Reduction
(SCR), which sprays a urea solution
into exhaust gas to breakdown
dangerous NOx chemicals into
harmless nitrogen and water.
The European Union (EU)
also introduced legislation in an
attempt to bring consistency to
the development of the charging
network. The 2014 Directive on
Alternative Fuel Infrastructure
(DAFI) required EU member
countries to define electric
charging point targets for 2020
by November 2016 as part of its

Roadmap to a Single European
Transport Area.
However, it’s not been without
setbacks. The ACEA spokesperson
added the implementation of DAFI
has been “poor”, and Malta and
Romania were referred to the Court
of Justice for failing to notify their
national policy frameworks.
Individual member states are
preparing legislation or have
made commitments preventing
the sale of diesel and petrol
cards. The policies help reassure
manufacturers that the transition
to EVs will be supported by
governments, including the
potential investments in filling
networks and incentives needed to
increase consumer uptake.
The UK government announced
it would ban new diesel and petrol
vehicle sales from 2040 last year.
Ministers announced a £255m fund
to help councils tackle emissions,
including changing road layouts,
implementing new technology
and introducing congestion zones.
The funding will help support the
necessary development of the
charging point network.
Several other countries have
tabled similar bills. France
announced plans to ban new sales
of diesel and petrol cars by 2040
in July 2017. Unlike the UK it will
offer a scrappage scheme. Dutch

politicians voted through a motion
in 2016 to ban sales of new petrol
and diesel cars starting in 2025.
Germany passed a resolution
calling for a ban on combustion
engine cars by 2030.
Implementation of incentive
schemes can be difficult.
“In some cases they have proven
to be unsustainable, as the Dutch
market has demonstrated,” said an
ACEA spokesperson. “Moreover,
there is no harmonisation across
the EU with respect to incentives,
with the amount of incentives
and especially their monetary
value differing significantly across
Europe.”
The picture isn’t entirely
negative. Norway is unique in
Europe in - and indeed the world
- in EV sales. It’s large hydropower
resource and forward thinking
public policies have created worldleading EV adoption. EV sales
increased 39% year-on-year in 2017
reaching 62,313 and accounting
for 39% of all passenger car
registrations.
What led to Norway’s success?
Its government offers drivers a full
suite of incentives. Import tax and
its 25% VAT rate are not charged on
plug-in cars making the sales price
competitive (import taxes might
be introduced for more expensive
models). Running costs are lower
too, with zero road tax, free toll use,
no emissions charges and cheap
electricity.

How big is Europe’s EV
fleet?
In-spite of the investment needed
to develop the charging network
and teething problems with
incentives, Europe’s EV fleet has
experienced remarkable growth in
the last decade.
The European Alternative Fuels
Observatory started tracking EV
vehicles sales in 2011 when 9,857
vehicles were sold. By July 2018, the
European fleet reached one million
electric vehicles (we have assumed
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Electric Vehicles

European EV sales by manufacturer
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that none of the cars purchased
since 2011 have yet been scrapped)
with 212,322 sold so far this year.
With sales in the year-to-date 41%
higher than the same period last
year, this number could reach
411,035 by the end of the year.
To put this in perspective, the
overall passenger car market grew
by 3.4% with more than 15 million
new passenger cars registered in
2017, according to ACEA’s data. This
marked the fourth consecutive year
of growth.
In short, the EV segment is
showing really strong growth in a
product category where sales are
largely flat. They do still, however,
make up only a small proportion.
There remains the question of
how long will it take to replace
the current fleet - estimates put
the total European passenger car
fleet at 260 million vehicles - as
consumers take time to replace
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old vehicles and the cost of EVs is
prohibitive.
A number of large passenger
car manufacturers introduced EV
models in 2013, a key year for the
fleet’s expansion. Renault sold 8,833
Zoe models, Mitsubishi Outlander’s
plug-in hybrid sold 8,193 and Tesla’s
Model S hit the European shores
selling 3,975 units in its first year.
Together, these models accounted
for 36% of 2013’s sales and changed
the development of the EV market.
Each of the large OEMs
have launched models since.
Volkswagen’s sales began in 2014,
with its e-Golf and Golf GTE selling
3,699 units. Mercedes and Hyundai
in 2016 and Volvo’s last year when
it launched its XC60 PHEV plug-in
hybrid.
Volkswagen has the largest
EV fleet in Europe, with 130,584
passenger cars on the road in
August 2018. It’s done this with a

n	Smart
n Mercedes
Source: EAFO

three-model strategy; the Passat GTE
and Golf GTE plug-in hybrids, and
the e-Golf EV. The e-Golf is currently
the most popular, accounting for
42% or 11,175 sales so far this year.

to grow their hybrid ratios faster
than other markets. We also
believe that North America, in the
context of meeting [the 2025] CO2
regulations, is promising.
“We believe that hybrids will
Plug-in hybrids key to fleet come ahead of full electrics. We also
expansion
realize that some European OEMs
Plug-in hybrid’s (PHEV) have become are jumping into pure EVs from
increasingly important to EV sales.
diesels and bypassing hybrids,”
The share of PHEV sales has been
he said in a recent interview with
increasing rapidly - these vehicles
WardsAuto.
made up 4% of EV sales in 2011, by
The rapid growth in European
2017 this had climbed to 54% or
EV vehicle sales is something to be
155,763 vehicles.
celebrated. However, market share
Manufacturers have clearly stated is still low and lots needs to be
the importance of PHEV to their
done on a policy level to improve
medium-term strategies.
incentives and ensure access to
Shinzuo Abe, general manager of charging points. Norway shows us
Toyota’s powertrain division, said the what’s possible. With a significant
manufacturer expects to sell several package of incentives EV vehicle
hundred thousand plug-in hybrids
market share is fast approaching
and several hundred thousand EVs
50%, albeit it has the advantages of
per year by 2030.
abundant renewable electricity and
“Japan and Europe will continue
a high per capita GDP.
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China eyes private sector to meet
rising demand for charging stations
By Chris Goodfellow
The rapid growth of China’s electric
vehicle (EV) fleet has left the
charging network struggling to
catch up. The country is the world’s
largest market for electric cars. Yet
the number of private stations, low
hybrid sales and poor economic
returns have caused the number of
EVs per charging point to increase
dramatically.
China’s EV sales are behind the
Western European nations of Norway,
the Netherlands and Sweden in
terms of market share, but these
countries are exceptional. Instead,
the country sits in what might be
called the second tier of adoption
with France and the UK, where the EV
market shares is close to 1.5%.
However, the sheer size of the
market and relatively high level of
EV penetration means China is by
far the largest electric car market,
accounting for more than 40% of
global demand with 336,000 new
electric cars registered in 2016.
The government has made
impressive announcements
about investing in the charging
network to meet the demand this
creates. China’s National Energy
Administration (NEA) announced
plans to build 800,000 charging
points, including 100,000 public sites
last year. It added 100,000 public
charging points in 2016, bringing the
total to 150,000.
The International Energy Agency’s
(IEA) statistics show the number of
publicly accessible slow chargers
(AC Level 2 chargers between 3.7
kW and 22 kW) reached 52,778 and
fast charging points (AC 43 kW)
number 88,476 at the end of 2016.
China is notable for its high share of
fast charging stations, this is in part
caused by the number installed for
public fleets.
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Point of order
It’s an impressive level of investment,
but there are several factors that
will put increased pressure on the
charging point network.
The market share of plug-in
hybrids stabilised at around 25%
by 2014, as opposed to Europe
where current sales are about 50:50.
This increases the necessity of an
effective charging network.
Much of the current and planned
charging sites aren’t available to the
general public because they have
been developed around target users
like freight transport, engineering,
emergency service and sanitation.
Public transport is important
too. China’s electric bus fleet, for
example, is world leading and had
an estimated 343,500 vehicles on the
road in 2016.

This meant that in 2015 there
were 136,000 charging outlets
available to public users, accounting
for 42% of the network, with 31% for
the kind of specific users described
above and 27% private users.
The combination of these factors
means that the ratio of vehicles to
charging points increased rapidly
in 2015 and 2016 at 11.78 and 7.27
respectively, according to the Oak
Ridge National Laboratory (see
below chart).
It’s a matter of concern. However,
it is unclear what ratio of charging
points to electric vehicles is required
to ensure customers are comfortable
purchasing EVs and have sufficient
access to charging points.
The IEA’s assessment of electric
vehicles and plug-in hybrids
suggests that electric car charging

does not match refuelling habits
for internal combustion engines
even when electrified powertrains
substitute for cars of a similar
category. Instead, electric car owners
most frequently charge their vehicles
at home or at work, relying on slow
chargers.

Public-private investment
China’s impressive national coordination around investment in
infrastructure is being applied to the
EV charging network. The revenue
from end-users cannot cover the
construction and operating costs for
charging infrastructure. Combining
public and private funding might
provide a solution.
Interest in Public-Private
Partnerships (PPP) has surged
since 2013 as the country caught
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charging stations

PPP “fever,” according to Ningbo
University infrastructure experts.
However, charging infrastructure
projects are in their infancy, with few
fully scoped out.
“PPP in charging infrastructure
is at its initial stage in which the
governments are enthusiastic and
the participation degree of the
private sector is increasing,” Kun
Wang and Yongjian Ke said in the
2018 paper.
The team found just 14 of 14,424
PPPs projects operated by the
Ministry of Finance relate to charging
infrastructure, with six approved.
That doesn’t mean there’s not
potential. The Anqing project is the
largest PPP that’s been approved
so far, with plans to build 20,000
public charging stations by 2020. A
consortium led by Qingdao TGOOD
Electric Co holds 90% of shares,
with the government holding the
remaining stake.
“The payment mechanism is the
method of viability gap funding,
meaning that the project revenues
are from user charges and the
government will dedicate its
budget to fund the gap between
the expected project revenues
and costs,” Wang and Ke explained,
adding charging service and
the electricity fees are set by the
government.
The “viability gap” funding
consists of two elements; availability,
and operation and maintenance
subsidies. The Chinese government’s
operation and maintenance subsidy
score developments based on
utilisation. If the income is greater
than cost, the government will
provide no subsidy and may share
the excess profit. If the utilisation
rate is lower than 85% of the
expected level and the project
income is not enough to cover costs,
the government will compensate
the gap.
The range of companies working
in the electric charging point
infrastructure is relatively diverse
when compared to other energy-
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China’s EVs compared with charging stations
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related infrastructure projects.
Suppliers include SGCC, Potevio
New Energy, Teld, Star Charge,
Huashang Sanyou, Wanma, Tellus
Power and Tesla, the latter of which
is the only vehicle manufacturer
to provide both electric cars and
charging outlets.
DiDi is building stations as part
of its wider plans for the transport
network. The ride-sharing, AI and
autonomous technology company
is the world’s largest online
transportation platform. It has more
than 450 million users and 21 million
drivers and acquired Uber China in
August 2016. Over 260,000 EVs are
running on DiDi’s network, making it
the world’s largest EV fleet operator,
according to founder and CEO Cheng
Wei.
“With the advance of new energy
and new transmission technology,
humanity has the chance to build a
global ‘internet’ of energy,” Wei added.

2015

Source: Oak Ridge National Laboratory

Beijing looks ahead
China’s five-year plans set out
objectives for economic and social
development. The 13th five-year plan
runs from 2016 to 2020. The section
on strategic emerging industries
deals with electric cars, alongside
technology like biotech and 5G
mobile. Key measures included:
n

n

n

n

new-energy vehicles in China
reaches five million.
Strengthen efforts to recover
and dispose of used batteries
from new energy vehicles.

The country aims to deploy 4.3
million private charging stations,
500,000 public charging outlets for
cars and 850 intercity quick-charge
Develop all-electric vehicles and stations, among other targets for
buses and taxis by 2020.
hybrid electric vehicles with a
China’s charging point problem
focus on making advancements
is enviable. The rapid adoption of
in key technological areas
EVs, particularly in public fleets, has
such as battery energy density
helped to create the world’s largest
and battery temperature
market.
adaptability.
The country’s manufacturers
Facilitate the development
have made massive investments
of a network of charging
in vehicle and battery technology.
facilities and services that are
The next step is to ensure the
compatible with each other
government’s strategies to subsidise
and come under unified
the development of its charging
standards.
network are successful enough to
Ensure the cumulative total
production and sales figures for keep up with demand.
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New report about lithium-ion battery recycling

The lithium-ion battery endof-life market 2018-2025
Players, markets and impact on raw material volumes

This new report from Circular Energy Storage
shows that recycling is getting serious and
starts to have real impact on the battery
material markets. The investment levels, in
particular in China and South Korea, have
risen sharply both in 2017 and 2018 and so
have the efforts to collect material.

Order through Benchmark Minerals:
Full report in PDF, 127 pages
Executive summary in PDF, 25 slides
1 hour consultation and comments on
the report

This report answers ﬁve questions:
1. How far has the recycling market come in
terms of volume, efﬁciency and market
integration?
2. How much lithium, cobalt, nickel and
graphite will be recycled 2018-2025?
3. Which are the drivers and barriers in the
market?
4. How will second use of batteries affect the
recycling market?
5. Which are the key players in the market
About the author
Hans Eric Melin is the founder of Circular Energy
Storage, a consultancy specialised in the lifecycle
management of lithium-ion batteries. He has spent
more than 15 years in the energy
market, of which 9 years in battery
recycling industry in Europe and North
America. He is frequently quoted on
battery recycling in media, speaks at
conferences on energy storage and
recycling and is a contributing author
to Benchmark Minerals Intelligence.

Order contact: Benjamin Ash
+44 7739 915 381
bash@benchmarkminerals.com

COMMENT

China’s lithium price decline not
full picture to a surging industry
When lithium prices
began to spike in H2
2015, few expected the
increases to continue for
another two years, let
alone reach the heights
of Q1 2018 when the
average price of batterygrade lithium carbonate
peaked at $24,750/
tonne.

www.benchmarkminerals.com

slipped to $11,000/tonne for technical grade
material and $12,000/tonne for battery-grade
material in September 2018, has continued over
the past few months.
It’s critical to note this is not the case for the
rest of the world or for lithium hydroxide.
There are two important factors behind this:
the nature of ROW contracts and the underlying
market balance outside of China.
Firstly, the longer-term nature of contracts
for the majority of the market outside of China
has, and will continue to, insulate prices in the
short-term. Just as the pricing functions built
into contracts prevented ROW prices peaking to
China levels in 2017, so too will they protect them
from falling to China levels in 2018.
Secondly, and more importantly to the longterm sustainability of the market, is the fact that
the market outside of China still remains relatively
tight. Despite expansions in South America finally beginning to bear fruit,
the incremental new volumes reaching the market are not going to create
the huge oversupply problem some institutions have warned of.
Expansions are nevertheless inevitable. What is less inevitable is the
timing and type of lithium that will be entering the supply chain in the
coming years.

▲

The downturn in Chinese lithium prices since
the start of the year has left many questioning
the future of a market which has experienced
its biggest upturn in history since late-2015.
It has also led to many false conclusions
about what is really happening to the lithium
price.
When lithium prices began to spike in H2
2015, few expected the increases to continue
for another two years, let alone reach the
heights of Q1 2018 when the average price
of battery-grade lithium carbonate peaked at
$24,750/tonne.
However, the slow supply response to
what in the future will be seen as a period
of relatively moderate demand growth kept
prices rising long-beyond the early 2017
deadline that many had marked for a price
crash.
The growing separation between China and rest of the world (ROW)
lithium prices was not sustainable and slower than anticipated demand
growth in H1 2018, coupled with increased domestic production (in
particular from Qinghai’s lithium brines) finally brought an end to the
excessive price premiums in the Chinese market by Q2 2018.
The subsequent decline in Chinese lithium carbonate prices, which
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TO UNDERSTAND THE
FUTURE, YOU NEED
RELIABLE DATA ON
THE PRESENT.
The speed at which people adopt new technology
is increasing.
Low carbon industries such as lithium ion batteries
are becoming mainstream. Yet the supply chains
that serve them are slower to react.
Lithium, graphite and cobalt are core critical
minerals that the Benchmark team travels the
world to learn about.
To understand the future, you need reliable data.
This is why we have tailored methodologies for
each mineral we collect price data on.
And our dedication to learning every link in the
supply chain for disruptive technology means our
insight is unrivalled.
Learn more at: www.benchmarkminerals.com

COMMENT
China’s lithium carbonate prices have plunged since Q1 2018
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Quality over quantity

The growth of
anything, let alone
an industry that is
increasing seven-fold
in the next ten years,
is not linear. There will
bumps in the road
as each part of the
battery supply chain
– from lithium mine
to chemical plant to
cathode and battery
manufacturing –
builds out.

Much of the new lithium supply to enter the
market this year has been technical grade lithium
carbonate from China.
The subsequent price downturn for carbonate
has seen buyers hold back from new orders,
anticipating lower offers, and the inability to place
this material has seen volumes enter international
markets which have begun to put pressure on ROW
pricing.
Typically, however, the majority of lithium
produced in China is sold domestically and this will
become increasingly the case as the credit issues
the country’s battery sector faced in H1 are resolved
and new battery production capacity enters the
domestic market.
It is also important to differentiate between the
type of material that is entering the supply chain,
with only a small proportion yet meeting battery
grade specifications.
While many will argue this is just a matter of
upgrading processing, few (even among the majors) have historically been
able to resolve these issues quickly, and if they are resolved, the question
becomes at what cost.
New Chinese supply from domestic feedstock sources already has a
significantly higher cost base than in South America and adding additional
purification and processing obstacles will only increase these costs further,
making it all but impossible for prices to slump to pre-2016 levels.
What’s more, with increasing amounts of off-specification lithium
carbonate being used in lithium hydroxide production, excess lithium
carbonate volumes are easing with lithium units being redirected towards a
hydroxide market which has a strengthening demand outlook as a result of
China’s push towards nickel-rich cathode chemistries.
www.benchmarkminerals.com

This switch has been encouraged by the
change in China’s EV subsidy programme in H1
2018, which now resolved also strengthens the
outlook for H2 demand.

EV & battery demand is surging

The uncertainty sparked by China’s change in EV
subsidy policy wreaked havoc in the EV supply
chain and saw slower than anticipated demand
growth in the first half of 2018.
Despite these challenges, H1 NEV production
in China was up 94% and seasonal production
patterns alongside the clarification in policy
means H2 will almost certainly be another record
breaking six months for output.
In addition, the ongoing ramp up at Tesla’s
Nevada Gigafactory 1 and the multiple other
megafactory expansions in the pipeline – all
of which are being built around lithium ion
technology – mean the longer-term outlook for
lithium demand continues to strengthen.
China has put itself at the centre of this supply chain, and its lithium
consumption will increase exponentially over the coming years.
As a result, at Benchmark we urge caution to view the price downturn in
Chinese carbonate as the story for all lithium, because it is not.
It is an early correction to the lithium carbonate market in China that will
go through several phases of growth over the next decade.
The growth of anything, let alone an industry that is increasing sevenfold in the next ten years, is not linear. There will bumps in the road as each
part of the battery supply chain – from lithium mine to chemical plant to
cathode and battery manufacturing – builds out.
This will not happen entirely in unison and as a result the road will not be
smooth, but the trajectory remains the same.
BENCHMARK Q3 review 2018 | 27

HOW ARE YOUR LITHIUM
PRICES COLLECTED?
“Alarm bells should ring when any publishers are giving their
lithium prices away for free”
“Understanding the lithium market and being ever-present in
the industry will always trump IOSCO compliance.”
“IOSCO does not assess the quality and accuracy of the
lithium pricing”
“The confidence and lithium knowledge to conduct a true
price assessment cannot be underestimated”

BENCHMARK MINERALS IS THE LITHIUM INDUSTRY’S
REFERENCE PRICE

In 2019 we take this to the next level.

Thank you for the support.

Nemaska LithiumMonde

interview

CANADIAN
charge
Nemaksa Lithium is going through a defining year. It has raised in excess of one billion
dollars, welcomed Softbank as a major backer, and is the next major lithium mine in line.
Benchmark Mineral Intelligence speaks with President and CEO, Guy Bourassa, on Nemaska’s
8-year path to becoming a major component in lithium’s 21st century supply chain.

www.benchmarkminerals.com

BENCHMARK Q3 review 2018 | 29

interview

Benchmark Mineral Intelligence: 2018 has
been a busy year for Nemaska. Imagine
looking back in ten years’ time, would you say
this has been the year that has defined the
company?
Guy Bourassa: 2018 has definitely been a
transformational year for Nemaska Lithium. On
top of confirming our capacity to produce a
high purity lithium hydroxide from our phase
1 electrochemical plant, we raised a total of
CAD 1.1 billion to build our commercial project
and have transitioned from being a lithium
exploration company, to developer and soon
to be lithium producer.
We have expanded our team significantly
and now sit at close to 100 full time
employees that are committed to building and
operating a lithium mine and state of the art
electrochemical plant in Shawinigan, both in
the province of Quebec, Canada.
Construction advances daily and we are
making constant progress at both sites. In
addition, we continue to supply Johnson
Matthey with lithium hydroxide from our phase
1 plant. That plant is not only a training tool for
our employees it is an excellent marketing tool
enabling us to engage customers with high
quality lithium hydroxide that is reflective of
the products from our commercial operations.

From left to right: Inside Nemaska’s
phase 1 facility; Nemaska’s factory
in Quebec, Canada; an aerial shot
of Nemaska’s processing facilities
in Shawinigan, Quebec; a sample of
Nemaska’s lithium

Benchmark: Nemaska is on track for
spodumene concentrate output by 2019 and
lithium salts production by 2020. How much
of your future production is already locked
up in supply deals and do you have plans for
selling lithium to the spot market?
GB: To date we have signed four firm take
or pay off take agreements with large and
credible end users totalling approximately
24,000 tonnes of LCE (lithium carbonate
equivalent). These multi-year supply
agreements were signed with Johnson
Matthey, FMC, LG Chem and Northvolt.
With these offtake agreements, and taking
into account the right of first offer granted
to SoftBank Group to purchase up to 20%
of production, Nemaska Lithium has now
committed over 90% of its anticipated 33,000
tonnes/y LCE capacity.
We continue to field inbound calls looking
for lithium hydroxide and lithium carbonate
from new and existing customers. Given the
demand for high quality battery grade lithium
30 | Q3 review 2018 BENCHMARK

“

Nemaska Lithium has now
committed over 90% of its
anticipated 33,000 tonnes/y
LCE capacity.

chemicals we are evaluating the market
and considering expansion options once
the Shawinigan electrochemical plant and
Whabouchi lithium mine are up and running.
Expansion can be financed through
partnerships or from profits from production.
The facility in Shawinigan is large enough to
accommodate expansion. The Whabouchi
mine capacity can also be expanded to match
the Shawinigan capacity once additional
permitting is in place.
In addition, we continue to evaluate
other lithium projects to feed Shawinigan
or as possible acquisition targets for future
expansion. Once in production we will be one
of the largest producers of lithium hydroxide
globally and we intend to keep and increase
our market share in lithium hydroxide which
is where we see the most growth in lithium
battery chemicals.
Benchmark: Nemaska’s new lithium units
are not only coming from a new mine but
also a new processing technology to make
battery grade hydroxide. What have been the
biggest challenges to overcome over the past
8 years? And why did Nemaska choose to go
down this route instead of the conventional
chemical methods?
GB: Our biggest challenge over the past 8
years has been overcoming uncertainty by
investors and customers over our proprietary
method of producing lithium hydroxide.
Indeed, this has also been our biggest strength
and key differentiator in the market.
We decided to develop a process to produce
lithium hydroxide directly from concentrate
after discussions with cathode producers
indicated that new higher performing cathode
www.benchmarkminerals.com

nemaska lithium

materials were being developed that would
require lithium hydroxide rather than lithium
carbonate.
We pursued this growth market and
applied existing electrolysis technology
to a new application i.e. the production of
lithium hydroxide. The application of existing
technology to produce a new product was
novel and we sought and received global
patent protection on our process.
After much testing and analysis and realworld production experience, from operating
the phase 1 plant for over two years, that
decision has proven to be the best decision
we have ever made. Our method enables us
to produce a very green lithium hydroxide,
as the main reagent in the process is green
hydroelectricity.
We also took the decision to be vertically
integrated, meaning we source our lithium
from our own mine. This decision allows us to
produce a high-purity lithium hydroxide at a
cost which is lower than all our competitors
globally.
Today, much of the uncertainty from the
market has dramatically reduced as evidenced
by signing of offtake agreements and our
ability to complete a significant project
financing.
Benchmark: How important is it that
pioneers develop new ways to produce
lithium chemicals and are there any other
methods that are of interest?

www.benchmarkminerals.com

Benchmark: Nemaska has really ramped up
lithium hydroxide supply deals with existing
and future battery consumers, namely LG
Chem and Northvolt, this year. How has the
lithium ion battery industry’s attitude to long
term lithium supply security changed over
the last 18 months to 2 years?
GB: There has been a lot of talk about lithium
over-supply.
Our conversations with customers reflect a
very different scenario. In the first half of 2018
we signed 5-year supply agreements with both
Northvolt and LG Chem. These customers were
keen to work with us to secure future pricing

▲

GB: Very important.
Innovation is what is driving the demand for
lithium battery chemicals, and as producers,
we must continue to innovate to keep up with
the changing demand for lithium chemicals.

“

There is no debate any more.
The future is definitively for
lithium hydroxide

Cathode manufacturers are currently
moving to high nickel cathodes be it NCA or
NCM, both use lithium hydroxide rather than
lithium carbonate. These high nickel cathodes
are predicted to meet the performance and
cost targets of major automotive companies
and we should see high nickel cathodes in
lithium ion batteries into the foreseeable
future (10 years).
From a long-term product development
perspective, cathodes manufacturers are also
looking at solid state batteries which would
use a lithium anode coupled with high nickel
cathodes. These batteries would require even
more lithium with the anode using lithium
metal. Lithium metal is produced from lithium
chloride which is made from high purity
lithium hydroxide.
So, we see lithium hydroxide as having a
pivotal role in battery development and we
are well positioned in this growth market.
Innovation is very much a part of our corporate
culture and is a stated value of Nemaska
Lithium.
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▲

as well as quantity of lithium hydroxide.
From our perspective, the lithium market
remains very tight and customers want to sign
agreements to have visibility into their lithium
supply chain, which is essential to cathode and
lithium ion battery manufacturing. There is no
substitution for lithium in a lithium ion battery.
Benchmark: Are there certain companies and
countries that are more proactive?
GB: Korea and Japan are very active in cathode
and lithium ion battery development and
manufacturing and are looking to reduce their
dependence on China for these products.
Interestingly, all our offtake agreements are
with companies outside China.
Our lithium products will be going to
Europe, Korea, North America and Japan. These
customers will take more than 90% of our
annual 33,000 LCE production capacity. We are
encouraged by the increase in activity outside
China as it demonstrates global production
capacity and wider-spread adoption of EVs.
By 2020 at least seven new gigawattsize battery factories are scheduled to start
operating in Europe alone, with more in
development talks. Within a decade, these
facilities will be producing up to 80GWh a
year, more than three times the 2017 global
production capacity of lithium-ion batteries for
electric vehicles (EV).
Regulation and incentives have been
instrumental in encouraging adoption and
bringing down EV prices.
Over time this will no longer be needed as
customers choose to drive EVs because they
are better vehicles.
Europe is also very advanced in terms
of clean electricity generation through the
use of renewables such as solar and wind.
These distributed generation systems are
intermittent in nature and require energy
storage which is also a huge growth market for
lithium ion batteries.
Benchmark: Take or pay contracts are now
being set in the lithium industry. How
significant a development is this and what
is the difference from lithium boom of
2010/2011?
GB: Back in 2010 many buyers were not
interested to sign take or pay agreements
because guaranteeing a quantity of lithium
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A bird’s eye view of Nemaska’s mine in
Whabouchi

carbonate and hydroxide was not necessary
since the EV market was yet uncertain.
Today with virtually every automaker
offering EV platforms; cathodes manufacturers
and battery makers are scrambling to secure
supply of quality lithium salts. With the
widespread commercial adoption of lithium
ion batteries in numerous applications
including EVs, and the Chinese purchase of a
major Australian spodumene mine, we have
seen the supply chain become significantly
challenged since late 2015.
Today’s buyers are looking to sign multiyear offtake agreements with built in pricing
mechanisms. This is evidenced by our offtakes,
we are not yet in production, but nearly 90% of
our production is already spoken for. This is not
an indication of a market in over supply.
Benchmark: What are your views on the
lithium carbonate versus lithium hydroxide
debate in the battery space right now?

“

Today’s buyers are looking
to sign multi-year offtake
agreements

GB: There is no debate any more. The future
is definitively for lithium hydroxide. Our view,
supported by the ongoing discussions with
interested parties, is that lithium ion batteries
will continue to evolve and more and more
cathode producers will use chemistries
requiring lithium hydroxide.
Of course, we want to be flexible and keep
ourselves open to as many customers as
possible and so we have opted to make a dual
product production line. Meaning we can
make both carbonate and hydroxide. This is
not typical for lithium producers.
Benchmark: How far down the supply chain
www.benchmarkminerals.com

nemaska lithium

and how diversified is Nemaska willing to go?
GB: Innovation is part of our corporate
values at Nemaska Lithium and as such we
are constantly looking to stay current with
the market requirements. We listened to our
customers years ago and understood their
products were moving to lithium hydroxide.
We continue to speak with end users to
understand their product development plans.
At the moment, we are focused on making
high quality lithium hydroxide.
Benchmark: On its World Tour 2018,
Benchmark analysts outlined the importance
of the Softbank deal for the lithium industry.
What long term implications do you think
the Softbank deal will have, not just for
Nemaska but for other new developers
seeking funding from non-traditional mining
/ commodity sources?
GB: Softbank’s decision to invest CAD $94M
to own 9.9% of Nemaska Lithium was a huge
endorsement of our company, our people
and our technology. It also highlighted the
importance of participating in the lithium
sector as a key cornerstone investor.
Softbank’s investment brought attention of
many sophisticated and well-heeled investors
to the lithium space as a growth sector which
is of critical importance to the future. They
view their investment in Nemaska Lithium as
further accelerating the Mobile Revolution,
an era of IoT (Internet of Things) and electric
vehicles enabled by the fusion of technology
and energy storage.
As a global technology pioneer and leader,
SoftBank’s culture of innovation melds very
well with our own corporate values and is
a clear endorsement of our approach to
producing environmentally friendly, low-cost
lithium compounds.
Benchmark: We have seen the increasing
conversation around exchange traded
lithium. Putting aside the practicalities of
how this will be done, what are your views on
how this would affect Nemaska’s long-term
business development?
GB: I think an exchange traded commodity
would help future developers of lithium
projects secure project financing as it removes
some of the opaqueness of the market and
www.benchmarkminerals.com

Nemaska’s mine in Whabouchi

“

It is inevitable that major
players from other sectors
will look to enter the lithium
market

commoditises lithium chemicals.
However, lithium is so critical to our
customer’s product and supply chain that I do
believe that most of the world’s lithium will
continue to be bought via supply agreements
directly between buyer and seller. Lithium
product quality is extremely important to the
customer and suppliers of lithium chemicals
are all qualified by the customer. Minor
variations in product quality count and each
customer has slightly different lithium product
specifications and requirements, so it really
is a long-term partnership between lithium
producer and customer.
Benchmark: Finally, we have seen bigger
and more diverse corporations becoming
involved in lithium over the past 2 years. How
do you think this will evolve? Are we close
to seeing major energy and oil companies
entering the industry?
GB: I think it is inevitable that major players
from other sectors will look to enter the lithium
market as we see the world move to lithium
battery technologies. It will be such an integral
part of our lives going forward that the market
opportunities will be too large to ignore.
However, one thing is for certain the barrier to
entry is quite high when it comes to making
a high-quality, low-cost product and so new
entrants will be keen to work with existing
producers.
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solid-state batteries

Hyundai invests in Solid Power
In September 2018, Hyundai took a stake in
Colorado-based solid-state battery producer
Solid Power as automakers from across the world
continue to show interest in the next generation of
batteries.
Solid Power’s Series A $20 million investment saw
Hyundai, along with Samsung and other investors,
back the battery manufacturer. This round of
investment will allow Solid Power to scale-up its
production through a multi-MWh roll-to-roll facility
which will be operational in 2019.
“Solid-state batteries are a game changer for
EV, electronics, defense, and medical device
markets, and Solid Power’s technology is poised
to revolutionize the industry with a competitive
product paying special attention to safety,
performance, and cost”, said CEO Doug Campbell.
This is not the first time the company has received
backing from auto-majors. At the end of 2017
BMW and Solid Power announced a partnership to
develop solid-state batteries for electric vehicles.

www.benchmarkminerals.com
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tesla

expanded Gigafactory gives tesla
raw material perspective

WHAT IT MEANS,
NOT JUST WHAT’S
HAPPENED

the potential for a lithium ion battery plant that is three times the original intended size
highlights raw material supply and demand disparity
By simon moores

processing companies rather than

Tesla opened its Gigafactory in
Q3 to the surprising, if casual,

synthetic graphite producers which
are simply not installing the required

announcement by Elon Musk that
the Gigafactory will be three times

additional capacity due to higher
costs and risk of a lower cost material

the original 50GWh planned capacity.

on the market.

Meanwhile, lithium continues
In an era of Google Alerts and Twitter, news stories are
to be in shortage and prices, while
becoming more regular and free, but understanding
why
recently
softening in China, remain at
something has happened and what it means takes levels up 3 times higher than at the
start of 2015.
expertise
and insight.
capacity by three times to 150GWh
in
New mines are being planned
The company revealed that the
lithium ion battery plant, through its
dense layout which was designed
through Computer Aided Design,
has allowed it to significantly boost
the same space and within the same
$5bn budget.

and significant lithium hydroxide
expansions are announced –

To make matters more challenging
for its supply chain, Tesla expects
to have 50GWh worth of operating
capacity by 2018 – 35GWh of which
is anticipated to be from cells made

Argentina – there remains little
doubt that the supply and demand
balance will remain tight over the

in the Nevada-based facility while the
remainder from its supply deal with
Panasonic for cells made in Japan

next four years simply through a lack
of raw material.
When Tesla revealed the

and China.
The real concern now is whether
there will be enough raw material to
fuel not only a 150GWh Gigafactory
but also the major growth that is
being seen in China where at least
7 lithium ion megafactories are
being built by the majors including:
Samsung SDI, ATL, and Tianjin Lishen.
The answer is no.
At three times the size, Tesla will
need to source 110,000 tpa of coated
spherical graphite (242,000 tonnes of
flake concentrate), 75,000 tonnes of
lithium hydroxide, and 21,000 tonnes
of cobalt. These are astonishing
volumes, not only because they are
for one customer, but because they
will completely reshape battery raw
material industries.
The company said they will be
at 50GWh capacity by 2018, but in
simple terms their suppliers will not

Gigafactory plan to build half a
million vehicles a year, it raised a
number of eyebrows because many
people struggled to believe anyone
could sell that many electric cars
each year before 2020.
Today, with Model 3 pre-orders
over 400,000 and Tesla Energy’s
home and commercial battery
packs to be integrated into the
solar powered source acquired via
SolarCity, the company’s biggest
worry must now be (besides the
$1.1bn cash it will need in Q3) on
whether there will be enough supply
of the vital ingredients that will allow
it to change the world.
Because at the moment there is
not enough capacity in the market
nor is there enough in the pipeline of
projects expected on-stream in the
next 5 years.

Benchmark Membership provides news analysis toespecially by Albemarle in Australia
explain just this from an independent perspective. and China and FMC Lithium in
Enquire today for more information:
info@benchmarkminerals.com
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tesla’s Gigafactory 1 Grand opening invite

be able meet this demand in such a
short space of time which will slow
the Gigafactory’s ramp up.
Over a 5-7 year period there is little
doubt that the investment presently
being seen into graphite and lithium
will result in the additional supply
needed – both in terms of existing
producers expansions and new
greenfield operations.
Raw material impact
But major questions remain

over whether this material will be
available for the capacity expansion
due to hit the market in the next 1-2
years.
Huge capacity expansions will be
needed to take the carbon anode
industry from 80,000 tonnes last year
to the 300,000 to 400,000 tonnes
needed by 2021.
The majority of these expansions
are expected to come from flake
graphite miners and spherical

> @BenchmarkMin

> benchmarkminerals.com

> info@benchmarkminerals.com
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lake resources

interview

FROM WITHIN THE
LITHIUM TRIANGLE
News from South America’s lithium triangle has been dominated by the big players in the last
quarter. But Steve Promnitz, Managing Director, Lake Resources is confident in the company’s
position in the Argentine north-west, famously known as the Lithium Triangle, as the Australian
lithium developer ramps up its activity and searches for a downstream partner
Benchmark Mineral Intelligence: You have a
number of lithium projects in Argentina. Could
you detail what they are and how they differ?

www.benchmarkminerals.com
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Steve Promnitz: We have four projects – three
lithium brine projects; 1 hard rock (pegmatite)
project among the majors – in production and
development. Our Kachi lithium brine project
is a large discovery of 54,000 hectares, which is
one of our flagship operations,
There is development optionality as we own
almost the entire basin, which is 22km by 8km,
with brines from the surface to approximately
400 metres to 600 metres in depth. The brine’s
chemistry is clean. We will outline various
options for development in the prefeasibility

study, which will begin after the initial resource
is released in late October. The project is one
of the last wholly owned lithium brine lakes
available for partnership and is 80km south of
FMC’s producing mine which has 20 years of
production.
We will utilise a new direct extraction
method in partnership with Lilac Solutions.
This method promises a reduction in time to
production along with lower operating costs
when comparted with conventional methods.
Our other flagship project is the Cauchari
– Olaroz brine operation. It adjoins SQMGanfeng Lithium and Lithium Americas
developments and Orocobre’s production.
There are 18,000 hectares of extensions for

interview

▲

major lithium brine resources. The leases were
pegged two and a half years ago, drill access
has now been granted and drilling will start in
early October.
The Kachi project has appealed to
downstream battery producers and cathode
producers because it has size, scale optionality
and Lake Resources is the only company in the
basin. Cauchari – Olaroz appeals to the market
because it sits next to current production and
450 metres from where Ganfeng paid US$237
million for 37% of Cauchari.

Lake Resources’ staff
on site in Argentina

Benchmark: Much of the focus has been
on your brine projects but you also have a
pegmatite deposit. Can you update us on the
state of play?
SP: The lithium pegmatite project covers
a large area of 70,000 hectares in a newly
recognised 150km long belt of pegmatites
with past small-scale lithium mining history.
Our view is that the belt has not undergone
modern exploration for large deposits. We
are targeting spodumene in large pegmatite
swarms.
In September 2018, Lake Resources acquired
Petra Energy SA for 20 million LKE shares,
which was a 50% escrow deal.
Recent field work created new exploration
models with potential for the belt to host
large-scale deposits.
We are undertaking field based XRF analysis
to vector in on potential new targets, the
results of which will define drill locations. We
are also in discussions with third parties for
partnership deals.

stocks was softer, yet corporate transactions
increased as the large players secured the best
projects in the best locations
For example, at Cauchari, Gangfeng Lithium
paid US$237M for 37% equity in the Lithium
Americas Cauchari project in August 2018 by
acquiring SQM’s stake. This is 450 metres from
our leases at Cauchari and the transaction
represents 10 times LKE’s market value.
For example, POSCO paid US$280M in June
2018 for the northern resource held by Galaxy,
which is near FMC’s production and about
100km north of Kachi.

Benchmark: You have used the term ‘prime
location’ regularly when describing your
deposits. Can you explain what you mean
by this and what it means to the lithium
industry?
SP: Prime location means being in the best and
most sought-after areas for lithium production
globally. We believe these are the best
locations because once producing they have
proven to be the lowest cost lithium producers
with low long-term operating costs
Prime locations are sought after by the large
producers and downstream end-users as they
provide long-term, low-cost reliable supply for
the battery makers. This theme was reinforced
recently in 2018. The equity market for lithium
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Benchmark: You pegged your lithium
leases in early 2016 but have only risen to
prominence in 2018. Can you explain this
time lag?

Steve Promnitz, Managing Director,
Lake Resources

SP: Lake’s subsidiary pegged open ground in
early 2016 after a detailed technical review
of all of Northwest Argentina. The aim was to
locate at least one entire basin that was not
drilled or developed in the last boom of 20062008 – which produced Kachi – and to locate a
www.benchmarkminerals.com

lake resources

Drilling at their Kachi
brine project has
revealed deposits down
to 400-to-600 metres
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“

The argument for oversupply
is poorly supported

Benchmark: What are your medium-tolong-term plans for your deposits? Which
chemistry will you be targeting? From a
business perspective do you see doing
this by yourself or partnering with other
companies from the supply chain?
SP: Our long-term plans are to find a strategic
downstream partner for each project.
That partner could be a lithium battery
producer, cathode producer or a key
participant in the lithium supply chain.
Our view is that the reason Orocobre are
producing, being the only survivor from the
last boom in 2006-08, is that they had the right
asset and the right downstream partners. But
we have four projects – not just one.
At Kachi, the plan is to develop the lithium
brine using both conventional evaporation
ponds and a new direct extraction technique,
together with the possibility of producing a
lithium brine concentrate. This gives us three
different revenue streams.
This will provide optionality without
committing to one method. The new low-

▲

significant block of prime leases in a basin that
was producing – and that was Cauchari-Olaroz.
The other aim was to own projects 100% and
produce new exploration models.
An exploration play takes longer to reach
key milestones than buying into a known
project.
Argentina’s bureaucratic but careful
approach to ensuring all approvals are in
place is something familiar in leading resource
nations, but is always slower than a share
market which wants everything immediately.
Further, the company decided to wait until
tangible milestones could be met – such as
starting drilling and defining resources –
before marketing globally.
The benefits of being quiet until now is
that our neighbours have defined world class
lithium resources and signed transactions
worth hundreds of millions of dollars, which
improves the likelihood of a number of
successes for Lake – rather than being a one
trick pony. We now hold some of the most
sought-after lithium leases – but the benefit
being that they are owned 100% by Lake.
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cost direct extraction technique promises a
significantly reduced lead time to production,
with increased recoveries to 95%, from 4050%, and a smaller environmental footprint.
Lilac Solutions was selected to provide
extraction services after an extensive review.
They use an innovative approach compared
with the popular ion exchange method widely
used in industry. This offers the opportunity
to produce a very clean product which is
demanded by battery makers and to produce
lithium hydroxide and also lithium chloride,
the precursor for lithium metal, sought after
in the burgeoning solid-state lithium battery
market
At Cauchari – Olaroz, the lease holding
favours a stand-alone development, but
could be developed in conjunction with
neighbouring facilities to produce either
lithium carbonate or lithium hydroxide,
together with a lithium brine concentrate.
The Catamarca Pegmatite hard rock project,
albeit early stage, has the opportunity to be
ramped in staged supply fairly quickly with the
right results as the pegmatites outcrop over a
long distance in a supportive province.
Benchmark: The Argentinian economy
has received considerable attention this
year. How does the current situation affect
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Lake Resources at work in the Lithium
Triangle

“

Our view is that Argentina is
in a period of adjustment

Lake Resources and the wider Argentinian
lithium market? Has anything fundamentally
changed?
SP: Our view is that Argentina is in a period
of adjustment which spells opportunity. The
country wants foreign investment. Argentina
has had a conservative Macri government
since December 2015 with supportive federal
and provincial governments in Catamarca and
Jujuy. The recent peso devaluation improves
short-term returns. The new export taxes are
temporary measures and don’t affect Lake and
are clearly better than the royalties imposed
last year in Chile
The IMF is being supportive and recently a
facility was provided to stabilise the economy.
It should be remembered that the G20 will be
held in late 2018 in Argentina. Our view based
on recent discussions is that the lithium sector
in Argentina is ‘business as usual’. Argentina
has the fastest growth in new potential brine
supply and brines are always at the lowest part
of cost curve.
Benchmark: It’s been a turbulent few months
for lithium. Lithium carbonate prices have
been hit hard in China, yet long-term supply
agreements have continued to develop (LG
Chem and Ganfeng for example). What’s your
www.benchmarkminerals.com

lake resources

opinion on the global lithium market at the
moment?
SP: Our view is that in Argentina the demand is
increasing at a rate ahead of potential supply.
There were supply deals signed last year which
have meant that the downstream end has
expected some margin contraction affecting
prices short term. But the demand for longterm contracts seem strong, evidenced by
SQM’s contract pricing rising year-on-year.
The medium-term is looking very strong.
Based on conversations with Chinese,
Japanese and Korean participants in the
supply chain, there would appear to be a major
supply shortfall in 3 to 5 years’ time. That is the
window that Lake is targeting. Recent softness
in the lithium market has made the potential
for the supply side to react in a reasonable
time line more difficult.
At Lake, we are amazed that the market seems
to have overlooked a major demand centre in
India. They make leading car brands and are
converting bikes and rickshaws to electric as part
of Modhi’s drive to renewable energy.
Benchmark: You joined Benchmark on its
2018 World tour and visited the US, Asia and
Australia. Did the opinions of investors and
the industry differ between locations and
www.benchmarkminerals.com

Lake Resources have four projects
spread across the Argentine Northwest

“

There would appear to be a
major supply shortfall in 3 to
5 years’ time

what were your takeaways regarding global
sentiment?
SP: Despite the availability of information, the
wider investor market is still concerned about
potential oversupply and declining pricing –
particularly in Australia, Hong Kong and North
America. Certainly lithium carbonate prices
have come off their highs, while hydroxide
prices are fairly stable. But the argument for
oversupply is poorly supported and recent
softness in the lithium market has made the
potential for the supply side to react in a
reasonable time line more difficult.
Korea, Japan and China are always
favourably predisposed to new technology
and long-term strategy in the industry. Vertical
integration continues in China. The Japanese
are keen on lithium brines in the medium-term
and on new extraction techniques.
Recent transactions involving LG Chem
and Ganfeng are waking up the broader
investment market to the ‘next wave’ in value
opportunities in the sector with the market
‘oversold’. Our view is that the Gangfeng,
Tianqi and FMC Lithium – or Livent – initial
public offerings will attract interest from
the larger investment community and allow
the space to be reassessed with a broad
revaluation to the upside.
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Elon Musk’s dream of building a battery plant big enough to power
hundreds of thousands of electric vehicles is now a reality.
The Gigafactory 1 produces as many lithium ion cells as the rest
of the world did when Tesla was planning the super-battery plant.
Inadvertently, this has sparked a battery arms race seeing 50
megafactories enter the pipeline and 30 become operational in only
three-and-a-half years.
Benchmark Mineral Intelligence declares: The lithium ion battery
megafactories are here.
By Simon Moores

the megafactories
are here
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"I

t’s not just going to be the
biggest lithium ion battery
factory in the world, but it will
actually be bigger than the sum
of all lithium ion factories in the

world.”
This was how Elon Musk announced
Tesla’s Gigafactory back in 2014, sparking a
worldwide lithium ion battery arms race.
Four years ago, the concept of a battery
megafactory was alien in an industry that
was global but niche and geared for the
smartphone, laptop and powertool markets.
At the time, the world’s lithium ion battery
output was 40GWh yet the Gigafactory alone
was promising to produce way beyond this by
2020.
It was a vision that not only required
unheard of growth for Tesla but a complete
shift in the way the world viewed electric
vehicles (EVs) and an about-turn for the
internal combustion engine (ICE) auto industry.
This seismic shift has taken place.
The world’s biggest car makers have
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committed tens of billions of dollars to enter
the EV market and secure lithium ion battery
supply.
Volkswagen has promised $80bn of
investments between now and 2025, BMW
is at $25bn in the same timeframe, including
$1.2bn contract for batteries with CATL, and
Ford Motor Co has a $30bn pot for a similar
strategy.
But if you think this is significant, think
again. China dwarfs this.
The rise of the Chinese EV unicorns –
start-ups valued at over $1bn and profiled in
Benchmark Quarterly Review Q2 – is driving
the country’s EV investments through the roof.
New producers such as WM Motor
Technology, BAIC BJEV, Bayton, NIO, Xiapeng,
CHJ Automotive, Youxia Motors, and Singulato
Motors are all ensuring that China remains
firmly on the front foot of the EV path to mass
adoption.
These EV unicorn investments doubles
down on sums already committed by existing
manufacturers such as Geely ($44bn),
www.benchmarkminerals.com
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Tesla’s offices

PIC to come
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operational albeit at smaller capacities than
planned as they ramp up to a common
timeframe of 2022-2023, when many battery
producers believe the first wave of EVs from
most auto makers will enter mass production.
Tesla’s Gigafactory 1 will be the largest
lithium ion battery megafactory in the world
in 2018 with a capacity of 20GWh and it has
already fed deliveries of 83,500 Model 3s in Q3
2018 - more than a doubling from Q2. This will
become clear by some way at the end-2019
when Benchmark expects the plant to ramp
to its designed cell capacity of 35GWh and
50GWh of packs.
The Gigafactory 1 has been and continues to
be the touchstone for these megafactories.
Within a three-year period, Tesla has built
the world’s first and largest integrated lithium
ion battery plant – this is a competitive edge
that Wall Street analysts fail to recognise time
and again.
To have a plant which completes the entire
process from baking anodes and mixing
cathode to producing cells and then making

▲

Chang'an Automobile Co ($30bn), and SAIC
Motor ($30bn) to confirm that EV demand is
not a figment of Elon Musk’s imagination but a
firm 21st century reality.
The cycle of multi-billion-dollar EV
investment followed by the lithium ion
megafactory announcement has been a
marvel to behold. It has shocked, surprised
and intrigued in equal measure and whether
industry veterans or newcomers, all agree that
this era we are in is unprecedented.
New data from Benchmark Mineral
Intelligence shows pipeline lithium ion
battery capacity out to 2028 is now at 1.1TWh,
as published in our Lithium ion Battery
Megafactory Assessment subscription service.
This capacity is being constructed in 50
battery megafactories across nine countries.
From the Asian stronghold of China, Korea
and Japan, to Europe, which is emerging as
a major producer of cells in Poland, Hungary
and Sweden, and the Gigafactory-dominated
North America.
30 of these super battery plants are already
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The lithium ion battery supply chain is investing billions into new lithium supply, new
cell capacity and electric vehicle models by 2025. As of Q3 2018, an average of 30%
of the $356bn needed ($410bn if you include other raw materials and cathode) has
been raised leaving the supply chain short on its medium-term goals.
$296bn
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Lithium

Lithium ion megafactory
capacity

Electric vehicles
Source: Benchmark Mineral Intelligence

BYD has two
megafactories in
Guangdong, China

Credit: Marc A. Hermann
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Multi-billion dollar baby
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battery packs for EVs and utility storage is
some feat.
Yet to do so at a 20GWh scale is
unprecedented and sets the blueprint for a
new era of lithium ion battery production.
It is something the company is now
replicating in China – a plant which is expected
to be 50% of the size of Gigafactory 1 – and
in Europe, which will be announced by the
end-2018.
Tesla produces 2170 cells at the Gigafactory
1 – a new and optimised format that it
developed with Panasonic, which allows for
increased speed of production and increased
energy density in each cell.
It was an evolution on the classic and
standardised cylindrical cell design, the 18650.
The 2170 is exclusive for the Model 3 and
will most likely be used in subsequent vehicles
such as the new Roadster and Model Y. We also
expect Tesla to eventually use 2170 batteries in
newer versions of Model S and Model X once
its original agreement with Panasonic expires.
The 2170 design, since been replicated by
Samsung SDI and LG Chem, is presently out
for testing at a number of EV manufacturers,
and is expected to become the default cell for
US-based new EV producers.
For Asian EV makers the cell design tends to
favour prismatic or pouch cells.
In the battery pack area of the Gigafactory,
Tesla does use other cells from LG Chem and
Samsung SDI for its Powerwall utility storage
line. But as Benchmark forecasted in Q1 2018,
if the Gigafactory ramp up had been slower,
Tesla would have run out of batteries.
This is something that has now been
publicly confirmed by the company.
“We’re cell starved for Powerwall right now,”
Elon Musk said on the Q2 2018 earnings call
in July.
“We actually had to artificially limit the
number of Powerwalls because we don't have
enough cells. So we're solving for that very
rapidly and we expect to ramp up Powerwall
and Powerpack production substantially later
this year and early next,” he added.
Benchmark expects Tesla’s cell consumption
this year to be 26.5GWh of which 15GWh will
be produced at the Gigafactory Nevada and
the remainder being 18650 cells produced at
Panasonic’s Suminoe plant in Japan.
Tesla will hope that the expansion to
35GWh of cells at the Gigafactory, together
with smaller expansions in Japan, will help fill
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a Global battery arms race: planned lithium ion battery megafactory capacity by 2023
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Source: Benchmark Mineral Intelligence Service: Lithium ion Battery Megafactory Assessments. For more information or to subscribe email info@benchmarkminerals.com

Each year the planned global megafactory capacity continue to increase. The chart here shows how the projections for
megafactory capacity in 2023 have grown dramatically because of the rise in the number of megafactories in the pipeline.
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“

Gigafactory 1 is the
touchstone for these
megafactories

confidence that the majority of plants being
planned for capacity in this timeframe will be
built to service EV producers.
Plans for 2028, however, are less firm and
more open to change.
Considering it takes between 18 and
24 months to build a battery plant this is
understandable.
Battery-makers will not have to make a call
on capacity expansions for 2028 until the early
2020s.
Compared to the raw material miners (it
takes 7-10 years to fund and build a lithium
mine) or the EV makers (it takes 8-12 years to
design and build a new car from scratch), they

▲

the void for 2019 but it is most likely that the
company will need to begin using LG Chem
and Samsung SDI cells in its vehicles should
Panasonic not be able to meet the demand.
The ramp up of Tesla, however, is quite
unique.
It is an insight into what the industry
can expect in 2023 when the launch of the
majority of new EV models converge.
This is another reason why Benchmark’s
Lithium ion Battery Megafactory Assessment
focuses on two timeframes of 2023 and 2028.
Plans for 2023 – which you can think of as
phase one for these new megafactories – are
firm and committed. Benchmark has high
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the advantages of the lithium ion battery are increasing

Lithium ion cell price, Large contract, Automotive, $/kWh

CATL’s lithium ion cost at $137/kWh
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Battery cells have gone from a peak of well over $1,000 per kWh 15 years ago to crashing
to today’s low levels. However, it’s most important to show the trend over 5 years, a period
during which the wider industry and the rest of the world has paid attention to EVs. Since
2014 to our forecast in 2018, there has been a 16% price decline per year for lithium ion
battery cells.

▲

have an easier planning task.
In simple terms, the middle of the lithium
ion supply chain moves four times as quickly
as each end of the supply chain: the lithium
miner and the EV maker.

Race to the bottom?
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Elon Musk

Average selling price
Source: CATL

Not all lithium ion battery producers can sell
at the rock bottom prices that are widely
quoted in the media. The example here is
for China’s CATL, one of the world’s largest
producers of lithium ion batteries.

The two most critical aspects to making a
consistent lithium ion battery are production
methods and quality raw materials. This is
why the increase of lithium, cobalt, nickel
and graphite anode raw material supply and,
crucially, cathode capacity with it is so vital to
the entire EV supply chain.
Cell cost is, however, an unavoidable issue
as the industry pushes towards the $100/kWh
production cost target.
It is unclear why the industry originally
focused on $100/kWh as the target – maybe it
was a nice round headline-grabbing number.
But the underlying goal was to significantly
reduce lithium ion battery costs from the high
$260-280/kWh production cost range in 2014.
That goal has now been achieved.
The lithium ion battery production cost for
the large scale automotive contracts is under
$120/kWh in 2018 with some producers able
to reach under $110/kWh with a selling price
of between $120-130/kWh.
www.benchmarkminerals.com
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For lithium ion battery producers, the rise of
the megafactories has translated to the race
for scale and significant cost reductions.
This is not a race to the bottom – the first to
make the cheapest cell possible – as there is
a major quality element to each auto makers
decision on which battery to use.
Firstly, lithium ion cells have to be safe: a
proven safety record is vitally important to
EV manufacturers as they ramp up new EV
models.
For these cells to be safe, the production
methods have to be strict and stringent and
most critically, consistent.

“

We’re cell starved for
Powerwall right now

Production cost

LITHIUM ION MEGAFACTORIES

RISE OF THE LITHIUM ION BATTERY MEGAFACTORIES
Producer

Total

Megafactory

Location

2018 operating capacity

Gigafactory 1

Nevada, USA

20GWh

Nanjing

Jiangsu, China

20GWh

3 Megafactories

Poland, Korea, USA

31GWh

Ningde

Fujian, China

20GWh

2 Megafactories

Guangdong, China

21 GWh

Suminoe

Osaka, Japan

11.5GWh

4 Megafactories

China (1), Japan (3)

12GWh

Tianjin

China

10GWh

3 Megafactories

China, S Korea, Hungary

12GWh

8 Megafactories

China

42GWh

1 Megafactory

S Korea

4GWh

2 Megafactories

Japan

5.5GWh

1 Megafactory

USA

2GWh

1 Megafactory

UK

1GWh

30 Megafactories

212GWh

the megafactories are coming

Here Benchmark looks at world’s biggest lithium ion battery
plants in operation in 2018 and how this has changed since
our first ever assessment (right).

Source: Benchmark Mineral Intelligence
Service: Lithium ion Battery Megafactory Assessments.
For more information or to subscribe email info@benchmarkminerals.com

Capacity

Cost	Location

35GWh

7GWh

*

*
15GWh

Battery type

Start-up

$5bn

Nevada, USA 	Lithium-ion

Q1 2017

*
$500m

Nanjing, China 	Lithium-ion

Q1 2016

*
$810m

Anhui, China	Lithium-ion

H1 2016

*

www.benchmarkminerals.com

Benchmark estimates, not disclosed by company
Source: Benchmark Mineral Intelligence
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Battery price down despite lithium price increases

Lithium carbonate, 99.0%, CIF Asia, tonne, mid-point price, 2014 to 2018
USD/tonne
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Source: Benchmark Mineral Intelligence / Service: Lithium Price Assessment

Lithium ion cell manufacturers have managed to achieve remarkable production and selling
price decreases – up to 60% since 2014 – in the face of surging prices for key raw materials.
Lithium, for example, has increased 197% in this same period.

▲
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“

The once conservative
lithium ion battery industry
has gained the confidence
to not only announce these
super-battery plants but put
their construction into action

▲

This marks a 60% decrease in just a four-year
period or a compounded average decrease of
16% a year between 2014-2018.
What makes this achievement more
remarkable is that the decreases have been
reached at a time of surging prices of key raw
materials, namely lithium and cobalt.
Benchmark’s CIF Asia Lithium Carbonate,
99.0%, price has risen from $5,800/tonne
in January 2014 to a peak of $21,500/tonne
in October 2017 – a 270% increase. It has
since fallen to $14,500/tonne in our latest
September 2018 Lithium Price Assessment.
The price fall of some specific Asian grades
have cast a shadow of doubt over the lithium
industry in 2018. While there is no debate over
lithium’s long-term prospects, the supply chain
has been awaiting oversupply for some time.
Ironically the source of this fear – hard rock
lithium conversion capacity within China – was
not what has sparked the Benchmark Minerals
EXW China and CIF Asia lithium carbonate

price fall since May.
This was due to new lower quality brine
supply from Qinghai province, the vast
majority of which cannot be used in a lithium
ion battery and requires significant upgrading
or converting into hydroxide.
Sentiment and feeling within China has
driven this price down further than anyone
expected, yet the financial industry has been
misguided in using the China EXW lithium
carbonate price as the proxy for the industry’s
state of play.
The reality is that a specific grade of Chinese
lithium carbonate has been hit hard for a
variety of reasons, but the rest of the world
prices and Chinese lithium hydroxide remain
robust.
Benchmark Mineral Intelligence sets the
lithium industry’s reference price each month
to a lithium-specific methodology and it’s the
world’s leading independent specialist in the
lithium ion battery supply chain.
In China, lithium carbonate expansions in
Qinghai from 15,000 tpa to an expected 25,000
to 30,000 tpa LCE in 2018 have proven a major
factor in domestic price declines for lower
quality – and not battery grade – material.
This has caused what Lachlan Shaw, UBS’s
Head of Commodities Strategy described as a
“lithium air pocket” that is not representative
of lithium’s longer-term trajectory.
This dip in lithium’s fortunes is a sober
reminder that minerals and metals move in
cycles and that the industry is heading into
the great unknown, which will result in many
investor casualties.
We are at the end of the lithium hype and at
the beginning of the real story.
Yet this softness in price has been an ideal
time for raw material contracts to be agreed.
Ganfeng Lithium has agreed the largest
lithium contract of recent memory with LG
Chem for 92,600 tonnes LCE over a 7-year
period. This was followed up with significant
supply deals with Tesla and BMW.
Cobalt, once the most feared raw material
by battery producers, has had a tougher 2018
compared to lithium with price decreases
being the main industry theme of 2018.
Benchmark’s cobalt sulphate price, 25%
CoSO4, EXW China, has doubled from $9,087/
tonne January 2017 to a peak of $22,515/tonne
in April 2018 yet it now stands at $13,870/
tonne Cobalt Price Assessment.
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LEARNING FROM THE GIGAFACTORY

On Tesla’s Q2 2018 earnings call, CEO Elon Musk and CTO JB Straubel
gave some interesting insight into the capital expenditure (CapEX) of the
Gigafactory 1 and future megafactories. Here, Benchmark has republished
the comments in their entirety.
Elon Musk: So with respect to Gigafactory CapEx, I think we
learned a tremendous amount with Gigafactory 1, and we're
confident that we can do the Gigafactory in China for a lot less.
I think it's probably closer to – this is just a guess, but probably
closer to $2 billion, and that should be at a higher – and that
would be sort of at the 250,000 vehicle per year rate.
So I think we can be a lot more efficient with CapEx, and that
would include at least a factory module and pack production,
body shop, paint shop and general assembly. Might even be less
than that, but that's about the right number for that. And then
cell production is something we're still figuring out with respect
to the Shanghai factory.
JB, would you like to add to that?
Jeffrey B (JB) Straubel: Yeah, I'd agree with all that. We found
a surprising number of ways to improve efficiency and speed
and density as well at Gigafactory 1, and all those lessons will
absolutely be shared with Gigafactory 3. The teams are already
of course beginning to collaborate and start to figure out ways
to do this more efficiently and with less CapEx than last time.
Yeah.
Elon Musk: Yeah, I think, we – like less than half is like would
be a good estimate. And maybe a lot less than half, but not
more than half, would be a fair estimate for CapEx to get to
that 250,000 level. So it's just – we just learned a tremendous
amount about manufacturing, it's like – it's definitely burned
out a lot of neurons, yeah, mental scar tissue, it's like next
level, but on the plus side we really know a lot about volume
manufacturing at this point.
JB Straubel: I mean, there are so many specific examples, but
even in just recent weeks and months, we found some – certain
areas of production that have been very capital intensive that
we've been able to speed up with almost no additional CapEx by
maybe 20%, even 25% or 30%.
Elon Musk: Yeah, kind of crazy. Including on the cell – including
the cell production.
JB Straubel: Yeah, just by challenging some of the initial
assumptions, the specifications, tweaking the controls and
software.
Elon Musk: Look, what really matters, what actually doesn't
matter, things we think matter, and some of it actually ends up
not mattering at all.
JB Straubel: And that's with basically zero CapEx.
Elon Musk: Yeah. Yes.
JB Straubel: So as you start to add very tactical, strategic CapEx
to the existing lines, that's how we can get to something close
to double or beyond with a really, really small increment.
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Elon Musk: Yeah,
obviously one of the
keys to success on the
Model 3 production was
the GA4 thing, which
was led by Jerome. And
General Assembly is
key, and doing the sort
of zone one, two, semiauto lines, which were critical because
we had this fundamental failure especially in zone one – zone
two of factory module production. Thank you, Jerome. It turns
out Jerome was pulling some pretty incredible rabbits out of the
hat. That was amazing.

On the China Gigafactory
Elon Musk: For China, I think, our default plan will be to use
essentially a loan from the local banks in China and fund the
Gigafactory in Shanghai with local debt, essentially. And we
certainly could raise money, but I think we don't need to and we
– yeah, I think, it's better to – it is better discipline not to.

On all EV output
JB Straubel: I think so. Yeah, I think we can do over half a
million vehicles – actually probably more like 600,000 vehicles
with current Giga and Fremont, and so they could throw 100,000,
200,000, maybe more, couple hundred thousand from Shanghai.
We're probably going to be more than 600,000 with Fremont and
Giga, Nevada.
That's why I think maybe it's not – I think we have a shot at a
million but somewhere 700,000, 800,000 seems pretty likely
given the current what we know today.
Deepak Ahuja: Yeah, as Elon suggested earlier, we are –
essentially makes sense for us to prioritize Model 3, but we
are adding a ton of capacity, cell capacity and JB can talk more
about it that will enable us to dramatically ramp our energy
storage business as well in the coming quarters.
JB Straubel: Yeah, you kind of mentioned only 1 gigawatt hour.
But that's a big number in that business.
And that's maybe on the order of 300% what we did the prior
year and we're still aiming at maybe another 3x to 4x growth for
2019.
Elon Musk: These are mad – at scale, these are insane growth
levels.
JB Straubel: Crazy growth rate.
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Experiencing a similar trajectory,
Benchmark Minerals’ Cobalt Battery Metal,
99.8%, EXW Europe price assessment peaked
at $96,177/tonne in April 2018 and has fallen
to $74,405/tonne in August 2018.
Benchmark believes the issue with cobalt
began at the end of last year when payables
for cobalt hydroxide increased sharply under
new supply contract negotiations that were
eating into refiners’ margins.
With a backdrop of rising prices, some parts
of the supply chain changed payment terms to
upfront before delivery where previously they
invoiced after delivery.
Cashflow has become an ever-increasing
problem in cobalt and has impacted buying
patterns which has resulted in hand to mouth
purchasing.
At the same time Chinese deleveraging
has impacted what little credit is available.
Sentiment began to shift in China in April and
remains in a similar position today.
Other demand-side factors that have
affected cobalt’s price fortunes include China’s
introduction of a new subsidy policy that has
further impacted raw material purchases as
lithium ion battery cell and auto manufacturers
adjusted to the new policy.
When these raw material prices settle at a
lower long-term price as more supply enters
the market and longer-term contracts are
agreed, the cost of lithium ion cells will fall
below the $100/kWh target.
Should the lithium ion battery producer
be fully integrated with a battery pack or
EV manufacturer, then it is expected that an
internal transfer price of under $110/kWh is
achievable today.
The reality, however, for the majority of

WHAT IS A BATTERY MEGAFACTORY?
A definition created by Benchmark Mineral Intelligence in relation to battery plants, a
lithium ion battery megafactory is classified as any battery plant that has over 1GWh of
operating capacity.
The term was created in 2014 to explain how battery plants were becoming an order of
magnitude bigger than their predecessors. Tesla’s Gigafactory – a term that is used to
describe the initial plant that Tesla constructed in Nevada and since subsequent plants in the
pipeline – sparked the rise of these lithium ion battery megafactories worldwide.
Each of these new and existing plants are assessed by Benchmark in its monthly subscription
service, the Lithium ion Battery Megafactory Assessment. This monthly process of analysing
evidence of these new battery plants, assessing their validity and adding submitting or
omitting it to a tracker, has become the central database that the battery industry works
from.
From our first internal assessment in March 2015 – which counted 4 megafactories in the
pipeline and none in production – we now have 45 in the pipeline and 30 in operation.

battery producers is that in 2018 they are
operating at a higher level for both production
cost and selling price.
For example, the Chinese producer CATL
produces lithium ion battery cells for $137/
kWh in H1 2018 and has an average selling
price of $217/kWh.

More plants, bigger plants
When Benchmark Mineral Intelligence
declared that the Megafactories are Coming
in 2015, we were tracking 3 in the pipeline:
Tesla’s Gigafactory, LG Chem’s Nanjing plant,
and Foxconn, the Apple iPhone maker, and its
ambitions to enter the battery industry.
Taiwan’s Foxconn pulled out of its plans
to build a megafactory 18 months later and
instead invested $1.4bn for a 1.19% stake in
CATL.

Megafactories are growing

6.65GWh
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2017: Average size
of planned battery
megafactories

11.9GWh

2018: Average size
of planned battery
megafactories
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Living on different timelines
The three-key links of the lithium ion supply chain operate on very different timescales. Each end of the supply chain – the
lithium mine and the electric vehicle – operate four times slower than the middle of the supply chain, the battery maker. This
make it easier to plan battery plant expansions to ensure the raw material supply is present to make the cells and EV demand is
there to use the cells.
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LG Chem, however, pushed on with Nanjing
and launched the plant in 2016 with a capacity
of 2GWh. It now can produce up to 20GWh
at the site in eastern China’s Jiangsu province
and is planning a second plant with a target
capacity of 28GWh by 2023.
The trend in 2018 has been quite clear:
battery plants are becoming more numerous
and bigger. In 2017, 17 battery megafactories
were announced with a cumulative pipeline
capacity of 153GWh, an average of 6.65GWh
per plant. In 2018 to 31 September 2018, 24
battery megafactories have been announced
with a cumulative pipeline capacity of
286GWh, nearly double 2017’s average at
11.9GWh per plant.
It is clear that the once conservative lithium
ion battery industry has gained the confidence
to not only announce these super-battery
plants but put their construction into action.
Back in Benchmark’s original 'Battery
Megafactories are here' feature in 2015, we
predicted that the lithium ion supply chain
would need “billions of dollars of investment”
to build new lithium ion capacity and new
lithium mines to supply this growth.
Three and a half years later you can reread
this as tens of billions of dollars of investment.
More precisely, upwards of $60bn for new
www.benchmarkminerals.com

lithium ion capacity to 2025 and $12bn dollars
into new lithium mines and expansions.
At present, Benchmark is expecting lithium
ion megafactory capacity to be at 600GWh by
2025, of which 200GWh is already in place. This
will take between $48bn and $60bn worth of
total investments to achieve, of which it is fair
to assume 40% of this - or $24bn - is already
committed capital.
For lithium, we expect that $12bn will be
needed to create the new 480,000 tonnes
lithium carbonate equivalent (LCE) of supply
to feed these megafactories of which $8bn has
been raised before the IPO of Ganfeng Lithium,
Tianqi Lithium and Livent (see Lead News).
Then if we look at investments into new EV
production, the chart will likely need to be
redrawn with a new taller axis. At present in
Q3 2018, Benchmark is tracking $296bn of
direct investment into EVs and battery pack
production.
In total, if you take nickel, graphite anode,
cobalt, and the cathode materials used to
make the lithium ion cells, the total supply
chain investments needed by 2025 will exceed
$410bn, of which an average of 30% has been
committed.
The megafactories are here but the rest of
the supply chain is still playing catch up.
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Solid-state batteries

Solid-state batteries are viewed by many as the next step in the electric
vehicle revolution. But will they replace the lithium-ion batteries we see
in electric vehicles today? In this feature Chris Goodfellow explores the
investment trends and viability of solid-state batteries.

SOLID
STATE OF
MIND
L
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the impetus to make electric vehicles (EVs)
mainstream.
Peter Bruce, Wolfson Professor of Materials
in Oxford’s Department of Materials, has been
working on the problem since writing his PhD
on lithium-ion conducting solid electrolytes.
The years following the publication of Bruce’s
work saw interest in solid-state batteries fall
away.
“People have known for decades that in
principal lithium metal would be great to use.
But the practicality of using it with liquids
means that it's very difficult - some people
would say impossible - to combine lithium
metal with a liquid electrolyte.
“This means solid-state batteries may be
the only way we're going to be able to replace

the graphite anode with lithium metal. The
reason we want to do that is it gives you
higher energy density - a battery that will last
longer between charges for the same size and
weight,” explained Bruce.
What’s sparked the solid-state battery
revival?
Lux Research analyst Christopher Robinson
believes solid-state is the most important
battery innovation we’re going to see over the
next decade. He points to the rapid growth of
EVs as driving this interest.
“The biggest factor is EVs are no longer
an 'if' but it's a 'when'. There’s a lot less
uncertainty about ‘are we going to see EVs by
a large manufacturer?’” He said.
Robinson works on energy storage
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ithium-ion batteries are
approaching their limits.
Scientists have tinkered for
decades, achieving incremental
increases in storage capacity,
but without changing the
fundamental concept. The road forward
could be running out, with electric vehicle
manufacturers looking to solid-state batteries
to achieve the necessary range gains for mass
adoption.
The technology offers a tantalising
leap forward. Commercialising solid-state
batteries would dramatically improve range Volkswagen believes its E-Golf would increase
from 300 to 750km. This removes a barrier
for widespread adoption and could provide
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research, helping track manufacturers’
massive internal investment and spending on
the sector’s startups, as well the technological
development.
Billions of pounds are being invested into
energy storage companies. Cleantech Group
tracks seed, series A, B and growth-equity
investments in energy storage companies.
The compound annual growth rate for these
investments was 18% between 2013 and
2017, reaching $816m last year.
This year has been a game changer with
$1.6bn invested in the year to August. Indeed,
investments in H1 2018 recorded a 198%
growth on the same period in the previous
year.
Farasis Energy stands out, with 22 deals
so far this year. The lithium-ion battery
technology developer and supplier received
$790m from Chinese investors having
recently signed an order to deliver 1 million
battery packs in five years.
Investments in EV energy storage make
up a big chunk of this. At $492m last year it’s
grown at a compound annual growth rate of
107% since 2008, with 2017 and the 2018 year
to date showing strong promise.
The level of investment and stage of
development make it an exciting space for
startups.
“Solid-state is a tech that’s widely viewed
as important for the future of EVs,” said Lux’s
Robinson. “If you were a startup developing
conventional lithium-ion technology there’s
a limited market and it's dominated by
big players. There’s still an opportunity for
innovative startups to make an impact here.”
Robinson highlights Ionic Materials and
Solid Power Inc. as two of the leaders in this
space.

Manufacturers spend to secure
tech
A series of high-profile investments and
acquisitions demonstrate OEMs desire to get
a jump start in this technology and leverage
startups’ innovations.
Solid Power partnered with Germany’s
BMW AG in December 2017. The company
will use a $20m series A investment to scaleup production of a multi-MWh roll-to-roll
facility, which will be operational in 2019. It
will be used for preliminary qualification of
the company's solid-state cells for various
56 | Q3 REVIEW 2018 BENCHMARK
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Billions of pounds are being
invested into energy storage
companies

markets including automotive, according to
the press release.
Volkswagen partnered with Stanford
spin-off QuantumScape, which holds
approximately 200 patents and patent
applications for solid-state battery
technology, in June. It invested $100m to
become the biggest automotive shareholder.
“We want to accelerate the
commercialisation of QuantumScape’s
solid-state batteries. We can combine forces
to leverage Volkswagen’s experience as a
production specialist and QuantumScape
technology leadership,” said Dr Axel Heinrich,
head of VW Group Research.
Heinrich highlights the technology’s
higher energy density, enhanced safety,
faster charging capability and above all the
space saving compared to current lithium-ion
technology. The partnership aims to establish
a production line for solid-state batteries by
2025.
“While the approach has a lot of promise,
advances have been difficult to attain and
no other battery supplier has been able to
achieve automotive performance. Volkswagen
successfully tested QuantumScape’s earlystage solid-state battery sample cells in
Germany running at automotive rates of
power — an industry first,” the manufacturer’s
statement added.
Robinson treats the statement with
caution. He points out that we don’t know
whether the cells can achieve the amp hours
needed for vehicle use or are just small cells
that can achieve the power level needed by
EVs.
“Manufacturing not performance is the
biggest question for Quantum because
of the material. It's an oxide-based
ceramic which appears to be their main
focus. It's challenging to incorporate
ceramic electrolytes into the conventional
manufacturing process if you're using
something based on an oxide,” he added.
British manufacturer Dyson invested
$15m in Sakti3, which has 94 battery-related
patents and has committed to investing £1bn
in battery technology as part of its drive to
develop EVs, which started roughly four years’
ago.
Samsung and Dyson have collectively
invested $65m in Massachusetts-based Ionic
Materials, which is developing pioneering
solid-state batteries, according to Axios, and
www.benchmarkminerals.com

Solid-state batteries
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accounts for 17% of the world’s active patent
families, according to IP researchers Cipher,
and press reports suggest it has 200 people
working on developing a solid-state battery.
The manufacturer has been working on
solid-state batteries for several years and
recently suggested trials would begin in
the early 2020s. The company missed the
opportunity with conventional lithium ionbased electric vehicles, after betting heavily
on hybrids and fuel cell vehicles.
“We did say when we were starting this
initiative that we wanted to make solid-state
batteries available in the early part of the
2020s decade. But in fact, that won’t be on
a mass-production basis,” general manager
of Toyota’s powertrain division Shinzuo Abe
said in an interview with WardsAuto. “We will
begin with small-lot and trial production.
We would never experiment with customers.
Like you said, 2030 might be a more realistic
timeframe.”
Abe estimates standard hybrid sales will
grow to 4 million out of 10 million units by
2030. On top of that, Toyota expects to sell
several hundred thousand plug-in hybrids
and several hundred thousand EVs per year.
Abe added hybrids offer the clearest route to
meet European regulations.
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the pattern can be seen elsewhere with large
manufacturers try to hedge their bets.
Partnerships between startups and
original equipment manufacturers (OEMs)
are crucial because of the cost of scaling up
manufacturing. Robinson estimates it would
take a minimum of $2-3bn dollars to make
a startup into a battery manufacturer that
could sell into the automotive space.
“That’s an unlikely path,” Robinson added.
“The first barrier is that outside of China no
one really throws money like that into the
battery space. The second is automotive
companies don't want to work with startups
or new companies. They want a secure,
reliable supply chain. The more likely path is
technology transfer through licensing of tech
and patents to a large company that can then
make them.”
The cost of technology transfer is difficult
to put a number on as it depends on the
modification to manufacturing facilities
- a major technological challenge. This
means the total development cost for mass
commercialisation of solid-state batteries is
unclear.
Toyota is often cited as one of the most
impressive developers of solid-state battery
technology. The Japanese car manufacturer
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Barriers to widespread adoption of
solid-state batteries
Ionic Materials’ YouTube demonstrations of a
solid-state battery working after 9mm bullets
are fired into it and parts are cut off creates
a sense solid-state batteries are closer to
commercialisation.
The difference between demonstration
and commercialisation is a crucial one. It’s
possible to use a solid-state battery in an
electric vehicle today, but not at the cost and
vehicle lifetimes that are acceptable.
“No one today can really produce solidstate batteries cells for EVs,” explained
Robinson. “If you really had enough money
you could put together enough cells in a lab
but it would cost nearly a $1m.”
Robinson believes the ability to adapt
conventional manufacturing techniques for
solid-state batteries will mark the biggest
technological milestone.
“If we're looking at completely new types
of manufacturing the capital expenditure
required to build a facility to build enough
batteries would be a really significant barrier,”
he said.
Bruce is chief scientist of the Faraday
Institute, an independent body for
electrochemical energy research set up last
year to bring together 25 industry partners
and 20 universities. Its aim is to research
projects to reduce battery cost, weight and
volume, and to improve performance and
reliability. It’s partly funded through the UK
government’s £246 million investment in
battery technology.
He pointed out that solid-state battery
deployment faces a number of scientific
challenges that are still at a basic technology
research level, the lowest designation on
NASA’s technology maturity index.
“Solid-state batteries would be
transformational, but there are some
tough challenges and problems to solve. My
view is that there are important challenges
around scaling up manufacturing and
important challenges at a fundamental level,”
he said.
One of the barriers to releasing a practical,
successful solid-state battery is the interface
between a solid electrolyte and solid
electrode. Conventional batteries have
solid electrodes and a liquid in contact with
them, making the electrochemistry easier.
Having solids in contact with solids presents

58 | Q3 REVIEW 2018 BENCHMARK

“

Solid-state battery
deployment faces a number
of scientific challenges that
are still at a basic technology
research level

significant challenges and that’s where basic
research is playing an important role.
Demonstrating a safe and highperformance lithium metal anode is another
key problem to solve. Replacing graphite is a
key motivator of embracing the technology
but testing and validation is needed.
The technical challenges will delay tackling
manufacturing issues. There are two main
classes of ceramics that are being considered
for the solid electrolyte alongside polymers,
oxides and sulphides. Oxides struggle to
get the connectivity, but sulphides are very
reactive and require a very dry manufacturing
environment, which would likely be
expensive. The choice will dictate the cost of
tooling up manufacturing and the timescale
of mass deployment.
“The real solution isn't with us yet,” said
Bruce. “You can’t wait for the perfect ceramic
electrolyte before addressing some of the
other challenges but at the same time you
can’t fully optimise a manufacturing process
until you have clarity on the components.”
Governments will play an important role
in funding research to solve these problems
in partnership with industry. It’s a global
challenge and as such several countries are
working to seize the opportunity.
Japan has taken a similar route to the
UK. The government-backed New Energy
and Industrial Technology Development
Organisation will bring together 23 major
manufacturers including Toyota, Nissan,
Panasonic and Mitsubishi, and 15 research
institutions to work on the scientific challenges
and share insight. It has $90m in funding to
support the project.

When will the solid-state battery
revolution begin?
Electric vehicle sales are limited by access to
charging points and consumer desirability.
The latter depends on manufacturers’
ability to increase range and ensure
safety. The popularity of EVs is driving
solid-state investment, in turn solid-state
commercialisation could rapidly increase their
popularity.
The recent amount of investment and
media coverage doesn't mean it's going
to be easy. Bruce stressed that the mass
commercialisation of solid-state batteries is
possible, but will take time.
www.benchmarkminerals.com
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“I don't know how long it will take to realise
a mass-market solid-state battery for vehicle
applications that delivers substantial advances
in performance at a competitive cost. I would
be delighted to see it soon but I expect it is
still several years away. We might see a hybrid
battery with a lithium anode protected by a
ceramic, but not what I would call a true solidstate battery,” he said when pushed for a likely
start date.
Robinson agrees and points to the use
of a solid-state battery in a tablet or mobile
phone as an important indicator of progress.
Companies like Samsung, which had to
recall its Note 7 after battery fires, are highly
motivated to make this a reality.
“Realistically the timelines of these
automotive companies are the late 2020s to
early 2030s. We’re going to start to see them
not necessarily in mass production but in
performance vehicles that want additional
weight savings or luxury vehicles that can
absorb some of the higher prices. In terms of
being included in a mass production, the early
2030s is a reasonable time frame,” he said.
It’s telling that this prediction matches
Toyota’s timeline of mass commercialisation in
the early 2030s. The leading car manufacturer’s
depth of experience and resources put it at the
forefront of this research yet it still needs more
www.benchmarkminerals.com

than a decade to make large-scale production
a reality.
The end game is huge. Lux forecasts EVs
to be the main source of demand for lithiumion batteries, which is expected to reach
nearly 200 GWh’s of annual demand by 2025.
Robinson adds that's a conservative estimate,
but that probably none or a small fraction will
be solid-state batteries.
“The tipping point for adoption will be
the cost, which there is a lot of uncertainty
around. It’s still unclear what electrolyte will
be used, but proposed electrolytes include
materials like germanium or lanthanum, which
are expensive. No one makes lithium foils for
metallic lithium anodes at a large enough scale
to support EVs, so some of the inputs to the
supply chain aren’t there either.
“The tipping point for solid-state batteries
will occur when solid-state drops below
conventional lithium-ion battery costs, which
could happen in the early to mid-2030s,” he
said.
Clearly the road to mass adoption of
solid-state batteries is a long one. But
manufacturers and scientist widely believe it’s
possible. The rapid growth of the EV market
has spurred interest in the technology, which
the industry hopes will be on the road in the
next decade, even if it’s on a small scale.
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Recycling is
getting serious
The battery recycling industry is becoming increasingly relevant. In this
feature Hans Eric Melin explores the global market and its regional variations

C

ompared to the rapidly
increasing volume of lithiumion batteries that exist in the
market the proportion that
are recycled remains very
small. Yet, recycled materials
are becoming increasingly important for
the lithium-ion battery supply chain and for
some material producers recycling is a key
component in their supply chain strategy.
And it’s Asia that’s taken the lead.
Circular Energy Storage concludes that
179,000 tonnes of lithium-ion batteries (at
the cell level) will reach end-of-life in 2018. 83
per cent of this will be batteries from portable
devices such as laptops, smartphones and
power tools.
Only 20,000 tonnes will come from electric
vehicles, primarily from buses in China. The
main reason for the low tonnage is that electric
vehicles have been on the market for less than
10 years and the batteries have proven to last
much longer than many expected.
However, that batteries reach end-of-life
does not necessarily mean that they will be
available for recycling. Both batteries used in
electronics and industrial batteries used in
vehicles will in fact often be used again, either
in similar applications or repurposed in socalled second life applications. For example,
electric vehicle (EV) batteries are often used
for stationary energy storage or backup
power solutions.

China & South Korea lead the way
Compared to the 179,000 tonnes that reach
end-of-life, 97,000 tonnes of lithium-ion
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97,000 tonnes of lithium-ion
batteries will be recycled in
2018

batteries will be recycled in 2018. More than
90 per cent will come from portable devices.
Many of these batteries have been circulating
in several devices before they end up in the
recycling bin.
Lithium-ion batteries today are builtin and rarely removed by the user but
by professional repair or refurbishment
companies. Together these companies form
a fast-growing industry which is centred
in Southeast China to where smartphones,
tablets and laptops are shipped from the
rest of the world and then back to new users.
However, components, including batteries,
that are not fit for purpose will be sold to
recyclers.
This flow of batteries has benefited
the Chinese recycling industry for many
years. Not only are the volumes larger
than anywhere else but the batteries are
usually well sorted into different shapes and
chemistries. This has made it worthwhile to
use recycling methods that elsewhere haven’t
been used due to the difficult pre-processing
and sorting required. These methods, which
are often hydrometallurgical and similar to
what is already used in the mining industry,
have made it possible to produce significantly
better end-products.
China has a long tradition in recycling.
When Shenzhen became a free economic
zone in the early eighties scrap and waste
materials were sometimes the only raw
materials available for the new industries
that didn’t have the scale of the state-owned
giants. For many years scrap from cars and
electronics in Europe and North America
was used to produce copper, steel and brass.
www.benchmarkminerals.com
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Battery components separated for
recycling in China

of raw material for their production. The
other half can benefit from China’s leading
position in cells and battery materials, which
both creates an important feedstock of
production scrap and obsolete products but
also constitutes an end-market ready to pay
for high grade materials.
Similar conditions, and access to a
production scrap and a profitable endmarket, have also helped several South
Korean recyclers to obtain a similar position.
Through close cooperation with the recycler
Sung Eel, the steelmaker Posco has become
an important player in the lithium market.
While South Korea lacks the position as a hub
for refurbishment and remanufacturing of
electronic devices the country has less strict
regulations around the import of waste. This
has enabled imports of waste batteries from
the whole world, driven by better prices
downstream for the recyclers.
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Many battery material companies have
started in a similar way. GEM, which today is
one of the leading cathode manufacturers
in the world, started as a collector and
processor of waste electronics and batteries.
The company could obtain much higher value
for its recycled material but also achieved a
position in the materials industry that would
be hard if they were to source only virgin
material.
Since GEM, Guangdong Brunp (which now
is partly owned by CATL) and a few other
companies started to recycle lithium-ion
batteries there has been a veritable boom
inthe industry. Circular Energy Storage
follows 25 companies that either operate
or plan to operate lithium-ion battery
recycling plants today. About half of these are
material producers that can use the recycling
processes to process their own production
scrap, but also secure an alternative source

We are a Canadian company located in the mining-friendly jurisdiction of the Province of Quebec.
We are building the largest lithium hydroxide facility in the world.
We are positioned to become the leading and lowest-cost producer in our field.
We are ready to do business. The possibilities are limitless.

nemaskalithium.com
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All together this has made China and
South Korea the leading countries in battery
recycling. Of the 97,000 tonnes, to be recycled
this year we estimate that more than 67,000
tonnes will be recycled in China while 18,000
tonnes will be recycled in South Korea.
It’s equivalent to 86 per cent of the global
market.
And it’s a market that is becoming fairly
sizeable. In 2018 the value of the end-of-life
market for lithium-ion batteries is expected
to exceed $1.3 billion USD, of which $1.1
billion will come from recovery of materials
while around $230 million from repair,
refurbishment and preparations for reuse of
industrial batteries.

Raw materials markets affected
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of lithium (converted to lithium carbonate
equivalents) available for recyclers. However,
only around 5,000 tonnes of this is expected
to be extracted due to low efficiencies and
processes incapable of lithium recovery. But
the number is a significant increase from 2017
and is expected to increase further as more
lithium recovery processes are coming online.
Still this is only the beginning. With the
explosive growth in the battery market the
end-of-life volumes and the amounts that will
become available for recycling is expected to
grow at a similar pace. In 2025, the market for
recycling is expected to grow to $3.5 billion
USD.
By this time the market is expected to
generate more than 30,000 tonnes of lithium
LCE (lithium carbonate equivalent) and 34,000
tonnes of cobalt. And like now, more than 87
per cent is expected to be generated in China
and South Korea.
However, not all value is attributed to the
end-market. A not insignificant amount of this
value will be distributed down to companies
involved in collection, sorting, transportation
and preparations for recycling and reuse in
Europe, North America and Japan from where
as much as half of the processed batteries are
imported.

▲

The market is also having an impact on the
raw materials market. In 2018 the amount
of cobalt extracted from recycled material is
expected to exceed 14,000 tonnes which will
be refined into both industrial and battery
grade material. Most of this material will be
used in processors’ own material production,
hence it will not be available to the wider
market and not only visible in trade data.
There will be more than 12,000 tonnes

2021
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Challenges outside of Asia
The players that face the biggest challenge
are the recyclers, especially in Europe and
North America. Although both the volumes
of batteries and local production capacity
will increase, recyclers in Europe and North
America will have to compete with Asian
companies with positive cash flow, economies
of scale, experience and proximity to buyers
which might be a difficult task.
Both Europe and North America have
better prerequisites for second life solutions.
Batteries that have been used in electric
vehicles will still be usable in both backup
and energy storage solutions. Some of the
companies that sold early electric cars to the
market, such as Nissan, Renault and BMW,
have built up energy storage capacity which
exceeds the amount of batteries that have
reached end-of-life and have proven scaleable
business models. This not only enables
them to secure additional value from the
batteries but it will help them build positions
in completely new markets, generating new
revenue streams.
Also, the second life market will be
dominated by China. This is because China
has provided more than half of the world’s
lithium-ion capacity, not least through
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the ambitious roll out of electric buses. In
2025 the installed capacity of second life
applications is expected to reach 42 GWh, of
which 80 per cent will be in China.
Compared to forecasts of energy storage,
second life installations could represent only a
little less than 50 per cent of the total installed
capacity. However, the market for second
life batteries is much larger than only energy
storage. In China, most second life batteries
are modified to serve as backup power in base
stations, replacing lead-acid batteries.
Other segments that are expected to use
second life batteries are EV-charging stations
and various back-up solutions that previously
have been served by lead-acid batteries.
The profitability of the second life sector is
expected to increase as more products and
service concepts, which already at launch
are prepared for second life, are reaching
the market. Companies like CATL, BAIC and
Proterra are some of the companies that have
come a long way and which are expected to
profit from circular models where money is
made from the batteries several times during
their lifetime.
Improved technology for monitoring,
diagnostics and management of battery
packs, and increased standardisation of
www.benchmarkminerals.com

battery recycling

raw materials available for recycling (tonnes)
500,000

400,000

300,000

200,000

100,000

0

2018

2019

2020

2021

■ Lithium LCE

■ Cobalt

■ Nickel

■ Manganese

■ Copper

■ Aluminium

■ Iron/steel

■ Graphite

module and pack design, will further increase
the lifecycle of the battery packs. It will also
spark new business models based on more
efficient use of the batteries.
The biggest challenge for companies
involved in second life is to control the return
flows of the batteries. As lithium-ion batteries
have proved to be a valuable asset, instead
of an expected liability, many car companies
lack the mechanisms to get hold of the
batteries that now are owned by the users, or
by insurance companies if the vehicles have
been involved in a crash.
Here technology will play its part.
Intelligent battery management systems that
can remotely determine the state of health
of the batteries might be used to propose
earlier upgrades, enabling the car companies
to both secure the access to batteries and sell
new ones.
For the recycling industry, the biggest
challenge will be to scale up recycling of
lithium iron phosphate or LFP batteries.
Until 2015 basically all EV batteries in China
placed on the market were LFP. Stationary
energy storage systems worldwide, like
industrial automation and lithium-ion based
backup systems, are also large sources of
LFP batteries. In a first wave the packs will be
www.benchmarkminerals.com
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used in second life solutions. But eventually
they need to be recycled. A few specialised
companies in China are currently building
up capacity and there is also some appetite
for the batteries from lithium specialists like
Ganfeng and Tianqi. In the rest of the world
there is, however, no know initiative to target
this chemistry.
What definitely can be concluded is
that the mountain of battery waste that
researchers and the media have warned
of is nothing to worry about. With volume
comes knowledge about the value, treatment
routes and application alternatives. Like
in the mining industry this might also
attract businesses that don’t follow safety
procedures or offer a state-of-the-art working
environment. Also, transportation of batteries
will be, or already is, an issue.
But there are very few issues that can’t
be solved. Lithium-ion battery recycling is
already an important activity and several
material companies rely on it for their
own production. It will only become more
important.
Hans Eric Melin
Founder and consultant at Circular Energy
Storage
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dawn of
the energy
storage era
For as long as the power grid has existed it has been unable to store
energy. But thanks to today's battery technology this is beginning to
change. In this feature, Sam Jaffe explores how energy storage systems
are changing our world.
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magine if a madman were to redesign the world’s transportation
system. Imagine that he keeps the
roads and cars and trucks. But all the
parking spaces would be eliminated.
Without a place to park, every vehicle
would go up in flames once it arrived at its
destination and a new one would be built to
make the trip to the next destination.
Sound inefficient and wasteful? That’s why
roads and highways use parking spaces. In
fact, every advanced network, man-made and
natural, uses some form of storage. From the
memory cells in our nervous system to bank
vaults for our money, to the datacentres that
store all the world’s cat videos.
There is one exception: the electricity grid.
Ever since it was created some 115 years
ago, the power grid has created energy
and consumed it instantaneously. In order
to balance supply and demand, the grid
operators have to oversupply power and to
build an infrastructure that is sized not to
the optimal, most efficient load, but to the
highest peak moment of the entire year. As
with the above transportation scenario, it’s a
wasteful and inefficient way to run a network.
It wasn’t supposed to be this way. Thomas
Edison--when he helped to invent the power
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Will we see more energy
storage systems like Tesla’s
Powerwall in people’s
homes?
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2017 can legitimately be
called the dawn of the energy
storage era for the global
power grid

grid more than a century ago—envisioned
massive banks of batteries that could be used
to store power when it was over-produced
and spend it when more was needed than
could be supplied. But the batteries of the
day weren’t up to the task—they failed after a
few cycles or they wasted too much energy in
the process of storing it.
One century later, this state of affairs is
finally changing. 2017 can legitimately be
called the dawn of the energy storage era
for the global power grid. It didn’t happen
overnight—for the last decade scientists,
utility executives and energy developers have
been experimenting with batteries to figure
out how to make them work on the grid. But
last year saw the hallmark event of more than
2.5 gigawatthours (GWh-that’s one million
kilowatthours or kWh) worth of batteries
installed across the world’s power grids.
Even more impressive: Cairn ERA forecasts
that over the next five years, that number will
grow by an annual rate of 42%, resulting in 15
GWh’s installed in 2022, five years from now.
And ten years from now, Cairn ERA expects 88
GWh’s of battery systems will be installed. By
that point, battery systems will have become
a central part of the power industry’s means
of balancing the world’s power supplies
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and humanity’s ever-increasing demand for
electricity and the prosperity that it brings.
These future installations of batteries will
provide various types of energy and services
to the grid.

Peak shifting
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At the heart of this new era of energy
storage on the grid is using batteries for peak
shifting—the single most critical element of
managing a grid. The daily electricity load
(the demand for power from customers of
the distribution utility) is difficult to match
to generation (the supply of electricity). That
problem is exacerbated at the peak time of
day, which is usually in the afternoon. The
traditional method of balancing the grid for
peak demand is to keep inefficient power
plants running at low power, ready to increase
output at a moment’s notice if the load needs
electricity. That means burning fossil fuels
even when not generating electricity. And
then when called upon, it means burning
fossil fuels very inefficiently.
The problem of balancing the grid during
peak demand has become doubly difficult
with the advent of renewable generation,
which can’t produce power when the

wind isn’t blowing or the sun isn’t shining.
Renewable power only produces when it’s
able to, regardless of the needs of the grid.
As renewable electricity penetrates into the
power markets at ever-greater rates, the
problem of peak period power balancing
becomes even more acute.
Enter battery-based energy storage
systems (ESS), stage right. The process of
peak shifting is difficult for fossil fuel plants,
which otherwise sit around most of the day
and don’t produce revenue and which have
difficulty ramping up power production and
bringing it down quickly. The task, however,
falls into the sweet spot for batteries. Only
a few hours of discharge are needed, which
today’s batteries can provide at an affordable
cost. And batteries are capable of pulsing
large amounts of power onto and off of the
grid in microseconds—no need for a gentle
ramp-up or wind-down.
The vast majority of energy storage systems
being installed today are providing some
form of peak shifting. One example is a 100
megawatt-hour battery plant being built in
Arizona that is linked to a large photovoltaic
(PV) plant to ensure that power reaches
customers between the hours of four and
eight PM, after the PV stops producing. The
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project, which will be completed in 2020, is
being built by PV manufacturer First Solar,
which will provide the panels as well as its
own energy storage systems. This project is
the first in the world that will provide 100%
renewable peaking power for a utility at a
pre-arranged price.
Assuming that the First Solar Arizona
project is successful, an enormous market for
peaking power will open up to the battery
industry. The global electricity production
industry today spends more than $100
billion per year on building new natural gas
peaking units. That market could quickly be
penetrated by battery-only and battery and
PV systems. In ten years, the battery industry
could generate half the new-plant buildout
spend of that market throughout the globe.
There are other ways that batteries can
provide peaking power. For instance, a major
mechanism to tamp down peak power
requirements of commercial customers is the
demand charge. This is a fee that is set each
month by the power company based on the
highest period of peak power used in that
month by the commercial customer. In some
cases, utilities measure that peak demand in
fifteen-minute increments. A battery-based
energy storage system can effectively cut
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First Solar’s PV
plant in Arizona

out short spikes in demand that can have a
significant impact on the monthly energy
bill of a business. Cairn ERA expects that
this application will soon be a billion-dollar
business in its own right.
Another method of peak power balancing
that utilities utilise is the demand response
market. The current method of demand
response is for the utility to pay a commercial
customer to use less energy during times of
extreme fluctuations in peak.
Even though the utility is selling less
electricity, it saves money with a demand
response program by lowering the peak
demand. A single large factory that
participates in a demand response program
can save a utility millions of dollars in savings
thanks to not paying for a grid infrastructure
that needs to be oversized to meet the
moments when the demand for electricity
spikes at an extremely high rate.
Altogether, the use of battery-based ESS for
the various types of peak shifting is expected
to grow from about 1.5 GWh of batteries in
2017 to 6.8 GWh in 2020 and up to 77 GWh in
2027—ten years from now.
That corresponds to revenue for battery
cells of $2.8 billion, $3.6 billion and $13.9
billion respectively.
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Ancillary services
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microseconds. Additionally, they are able to
provide massive pulses without damaging
themselves or inflicting higher maintenance
costs. In 2012, the PJM Interconnection (the
largest transmission grid in the U.S. which
serves much of the Mid-Atlantic region)
started allowing batteries to participate in
the frequency regulation market. Within a
few years, several hundred MWh’s of ESS
had been built in the PJM region to provide
frequency regulation. The large European
grids are next in line to utilise batteries for
frequency regulation, as Germany and the
United Kingdom have recently seen hundreds
of MWh’s installed for that purpose. Other
markets, including Japan, Australia and China,
are now in the process of adopting new
regulations that will allow batteries to provide
frequency regulation (which in some of those
markets is referred to as frequency response).
Meanwhile, there are other ancillary
services which batteries will soon be able
to provide. Some of these, like spinning
reserve and non-spinning reserve (both of
which are similar to frequency regulation,
but provided over the course of an hour (for
instance) rather than a few minutes. Other
ancillary services markets, such as black start
(which provides a gentle easing-up of power

▲

Peak shifting isn’t the only way that batteries
can integrate into the electricity grid. In
addition to simple energy provision, there are
a number of products that provide specific
services to the grid operators that help them
to provide reliable power to their customers.
One ancillary service that is especially
conducive to the use of batteries is frequency
regulation. The U.S. electricity grid delivers
an electrical current of 60 Hertz per second.
In other words, the alternating current that is
transmitted from generation to load oscillates
60 times in one second. If that frequency
starts to wander by even a few percentage
points, it will start to damage distribution
equipment, including transformers, switches,
relays and capacitor banks. To ensure a stable
frequency, the grid operators pay some power
suppliers high fees in order to be on standby
to pulse large amounts of power onto and off
of the grid. Traditional generators, including
large coal, natural gas and hydropower plants
used to provide this frequency regulation
service. The response times of those providers
are relatively slow (up to ten seconds to
provide the pulse) and costly.
Battery-based ESS, however, can respond
to a frequency regulation call within
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provision after a blackout so that the grid
can slowly wake back up and avoid damage
to equipment) and localised voltage control
are smaller markets but will eventually be
dominated by batteries.

Load shifting
A longer-term market that will eventually
open to batteries is load shifting. Cairn ERA
defines a load shifting battery as one that
discharges its energy over a period of time
that is four hours or longer. Today, load
shifting projects are rare because the cost
makes little economic sense for a very large
battery to provide that much energy.
Load shifting will eventually, however,
be an important part of the electricity grid,
especially in places that will rely on very
high amounts of solar or wind power. A large
solar farm, for instance, can produce power
between the hours of 10 AM and 4 PM, but
will make only a trickle of energy during the
rest of the day (and, obviously, none at night).
A battery system that can charge up during
those hours but then discharge for the other
18 hours would allow the customers that are
using the energy from that solar farm to get
all of their power needs from a renewable
source.
That proposition doesn’t currently make
sense from a financial perspective, especially
since the largest and lowest-cost ESS
installations rarely cost less than $500/kWh
of battery energy. Eventually, as that price
comes down by about 50%, load shifting
projects will start to be built.

Residential solar and PV
One last market segment that is currently
undergoing a boom in activity is the use of
small battery packs inside people’s homes in
conjunction with a solar installation. Small
residential PV systems are expanding at a
generous pace, and now some buyers are
choosing to install batteries in conjunction
with the PV.
This product tends to vary dramatically
in popularity by region. By far the greatest
amount of activity is occurring in Germany,
where more than 100,000 units have been
installed. The economic attraction of these
systems is due to an extremely large energy
tax for German households. If the home can
72 | Q3 REVIEW 2018 BENCHMARK

produce its own power and, with the help
of a battery, consume that power internally,
it will pay less of the energy tax. This model,
known as self-consumption, is rare outside of
Germany.
Another market that has seen a burst of
activity in this area is Australia. Power prices
in that country are so high that producing
electricity in your own home is comparatively
attractive. Tens of thousands of residential
battery and ESS systems have been installed
in Australia in the last two years alone.
One of the perplexing elements of
residential solar and ESS market in most
other areas, is that the systems appear to be
popular, despite the fact that there is very
little economic advantage to them. In most
cases, homeowners lose money by adding
an ESS to a solar system. The most common
customer rationale for purchasing such a
system is because of the capability of the
battery to provide power when the grid goes
down. In this way, the batteries operate in a
similar manner to natural gas or diesel backup
power gensets. Even though the battery has
much less discharge time (vs. unlimited for
fossil fuel powered generators), buyers still
value the fact that the power provided by the
backup battery is entirely from a renewable
source. Overall, Cairn ERA expects that several
thousand such systems will be installed over
the course of the next year in the U.S., despite
the lack of a compelling economic rationale
for them.

Battery technologies
All of these applications for ESS discussed
above will rely on some particular chemistry
of battery. The vast majority of those batteries
(Cairn ERA expects the number will be above
99% for the next five years) will be lithium ion
cells. The lithium ion industry has scaled up so
quickly and effectively in the last decade that
their costs are significantly lower than any
other competing chemistry. They also provide
the basic functionality that is required of the
battery for most of the applications described
above—with the exception of load shifting.
Within the lithium ion space, there are
several different formulations of cathode
chemistry that will be used for ESS
applications. Currently the most common
cathode is known as NCM 1:1:1 (a molecule
of which is composed of a lithium atom, a
www.benchmarkminerals.com
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nickel atom, a manganese atom and a cobalt
atom). The drawback to this chemistry is
the high proportion of cobalt, which is the
most expensive material in the recipe. New
formulations that use less cobalt and more
nickel are currently being introduced into the
ESS market.
Another popular cathode chemistry for
the ESS market is lithium iron phosphate
(LFP), which utilises a combination of lithium,
iron and phosphorus. This material doesn’t
have the same energy density as NCM (i.e.
the amount of energy per given kilogram of
battery), but that quality isn’t too important
in most ESS applications. LFP does lack cobalt,
which in turn opens up the promise of being
a cheaper cathode material.
Several LFP producers from China,
including BYD and CATL, have recently
become major battery suppliers to the global
ESS industry.
Lithium ion, as popular as it is, does still
have some competition. The most significant
rivals are the various types of flow batteries.
A flow battery discharges power by flowing
a charged liquid electrolyte material past
a battery stack. When the system flows in
reverse, the battery stack charges up the
spent electrolyte.
www.benchmarkminerals.com
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There are multiple flavours of flow
batteries. The most prominent players in
the market, however, are vanadium redox
batteries (which use some form of vanadium
oxide as an electrolyte), zinc bromine redox
and iron oxide redox.
Each of those three electrolyte
chemistries have their own advantages and
disadvantages (iron oxide, for instance, once
scaled up, could be the cheapest electrolyte
material, whereas vanadium is currently the
most widely deployed chemistry). They share,
however, the same basic characteristics: they
tend to be more expensive than lithium ion
and less efficient, but eventually hold out the
promise of reduced prices as each chemistry
scales up, especially for very long duration
applications.
Regardless of the type of battery
chemistry, it’s clear that the battery-based
ESS industry has arrived and is becoming an
important part of the global electricity grid
infrastructure. As the trend of battery usage
increases, the amount of batteries sold into
the stationary storage market will become
more and more significant to the battery
industry, eventually becoming the only
significant rival to the electric vehicle industry
as a major consumer of batteries.
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All vanadium needs is
its lithium ion moment
In September, our 2018 World Tour – which is now in its 4th year –
visited Hong Kong, Seoul, Tokyo, Perth, Melbourne and Sydney.
Obviously much of the discussions over the World Tour paid focus to
lithium ion batteries used in electric vehicles. But this year we’ve noticed
energy storage systems have become a recurring theme.
The recent success of lithium ion batteries being deployed outside of
electric vehicles and in increasingly larger systems has brought to light
the huge potential of the market for all types of battery technologies.
And with the interest in the energy storage market heating up there
has been more talk of vanadium, which made its debut appearance on
our world tour.
The vanadium flow battery, which has for many years been in the
shadow of its headline-grabbing cousin, now has its chance to shine. For
some time now there has been talk of vanadium flow technology truly
entering the battery space. We think that with the momentum behind
energy storage systems vanadium flow batteries could become a major
player in this market.
If a vanadium battery producer steps forward with bold plans to

produce vanadium flow at a mass scale, giving the industry its Elon
Musk for lithium ion moment, the potential for the technology to be the
second most deployed energy storage battery in the world is there.
But raw material self-sufficiency is a critical component to this and
at least a third of the cost of a vanadium flow battery is the vanadium
pentoxide which makes up the liquid electrolyte. If companies are
thinking of creating the Gigafactory of vanadium flow batteries, they will
either need to own a mine or implement a new pricing system where
the fully recyclable vanadium in the battery is leased.
Vanadium flow batteries are perfectly suited to storing energy on a
large scale. As we see further moves towards electrification - and as the
costs of developing vanadium flow batteries decreases - we could see
a real move towards vanadium flow in grid storage.
Should these supply chain challenges be solved, we at Benchmark
believe that a quarter of the energy storage market is up for grabs in
2028.
By that point we expect the energy storage market will then be
between 100GWh to 120GWh in size.

catch us at:

n October: Cathodes 2018 Newport Beach, CA, USA (Oct 21-25) n Graphite + Anodes 2018, Newport Beach, CA, USA (oct 21-25)
full details at: benchmarkminerals.com
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TSXv: KBLT ● FRA: 270

Leading
electric metals
investment vehicle
Portfolio of world-class, low-cost and long-life
assets in low political risk jurisdictions

Streams & Royalties
Physical Cobalt
Mineral Properties
Cobalt 27’s asset base includes:
● 32.6% cobalt stream on Vale’s Voisey's Bay mine expansion
commencing January 1, 2021.
● Cash ﬂowing cobalt-nickel stream on the producing world-class
Ramu Nickel-Cobalt Mine.
● 2,905.7 Mt of physical cobalt, the world’s second largest stockpile
of reﬁned cobalt*
● 10 cobalt royalties, including a royalty on Dumont, the
largest construction-ready nickel cobalt project.

Learn more at: Cobalt27.com
info@cobalt27.com
*The Government of China through the State Bureau of
Material Reserves’ acquired the largest strategic cobalt
stockpile in excess of 5,000 Mt, in 2015-2016.

