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With the most experienced management team and board of directors in the graphite
development industry, Alabama Graphite Corp’s leadership has the demonstrated
experience to achieve what others cannot — bring a greenfield graphite mine into
production. With the lowest initial capital expenditures, strong economics and the
most pragmatic business model in the space, Alabama Graphite Corp’s intent is to
become a leading U.S. producer of high-value specialty graphite products, namely
coated spherical graphite (CSPG) for the burgeoning American lithium-ion battery
market. Alabama Graphite Corp. — American Graphite for American Green Energy.

For more information, please visit www.alabamagraphite.com
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COMMENT
Credit: General Motors

The future is now
The 1964 World’s Fair held in New York City was the touchstone for a postwar US. It was the grandest and most optimistic show on the planet at the
time and on an influential par with the British Empire’s Great Exhibition in
1851. Designed not only to show off technological prowess, it signified the
rise of the US as the dominant global power.
The exhibition showcased a number of household products, cars and
gadgets, making bold predictions about the future.
During the show’s run over two 6-month periods between 1964-65,
51m visitors saw forecasts about the way we would live. General Motors’
Futurama 2 ride was a centrepiece attraction which tried to explain its vision
of the world 60 years into the future.
With an outward looking era obsessed with space and exploring
unknown worlds, it is perhaps unsurprising that many predictions were
wildly incorrect. Cities on the moon, deep sea dwellings, and living in
Antarctica have never really left the drawing board (although General
Motors could argue we still have 9 years left).
Neither for that matter have the widespread use of lasers in forestry or jet
packs in the hotel industry.
However, a significant number of predictions – whether deliberate or
inadvertent – have become part of our daily lives in 2015.
The “photophone” introduced by Bell Systems allowed the caller to see
who they were speaking to. While this concept was before its time (people
didn’t really want to be seen in their dressing gown), the widespread use
of smartphones and tablets have seen applications like Skype and Google
Hang Out take off in both business and personal arenas.
Robotics played a role thanks to Walt Disney’s animatronic exhibition and
a semi-robotic gasoline pump from Sinclair Oil Corp that migrated towards
the car – very similar to the automated snake-like charger unveiled by Tesla
Motors this year.
The fair placed great emphasis on the computer thanks to it being in the
back yard of the powerful, all-American manufacturer IBM.
The IBM pavilion predicted that computers would expand away from its
business machine origins and become an integral part of our personal lives;
although seeing computers being integrated with our phones and cars was
one step beyond (Downstream News: Faraday Future, VW).
DuPont used the fair to declare to the world new super materials for
everyday life such as plastics or synthetic polymers. The company’s Happy
Plastic Family Show - where everything was made from plastics - was a real
www.benchmarkminerals.com

coming out party for these modern materials.
Now, we are seeing a new generation of advanced materials once again
emerge with graphene and nanomaterials finding real world applications
(Feature: Interview: Nano Materials; Real World Graphene).
One prediction that was deemed incorrect a few years ago was a
computer controlled, driverless car that drove along congestion free
highways.
This year, Tesla Motors launched its autopilot Model S, a software update
that allowed the vehicle to be driven by the on-board computer. Not only
would the computer regulate your speed in line with legal limits, keep you
at a safe distance from the car in front, and keep you within the road lines, it
would also steer the wheel for you.
Google has also made significant technological and legislative progress
on this in recent years and expects to have driverless cars on the road before
2020.
While both Tesla and Google have had teething problems, the
technology is already there to achieve this and is in some cases operational.
The most relevant prediction of all was the rise of low emission cars,
albeit nuclear powered vehicles, unsurprising considering the nuclear age
the country was in at the time.
General Electric proposed “electricity too cheap to meter” and with it a car
that could run for thousands of miles without running out of power.
While the pitfalls of a nuclear reactor in every car quickly became
apparent, the concept is still relevant today not only with the rise of electric
vehicles but also solar power and utility storage batteries.
The ability to store the power you need and do so from a source as
(potentially) low cost as solar means “electricity too cheap to meter” could
be just around the corner.
Promotional posters by General Motors at the New York World’s Fair
invited people to “see the future first”. It looks like the car manufacturer has
kept its promise, as the glimpse into the future that was witness 61 years
ago is starting to become eerily similar to today’s reality.
Simon Moores
Managing Director
Benchmark Mineral Intelligence
@sdmoores
@Benchmarkmin
smoores@benchmarkminerals.com
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COMMENT
January
Day 1

March
The megafactories are
coming

May
Supply Chain 20/20
initiative

June
EU’s conflict crackdown

Benchmark Mineral Intelligence launches with a mandate to
specialise in data collection and analysis for the lithium ion battery
supply chain and its raw materials
Benchmark Membership launches with
the publication of the maiden issue
focusing on the lithium ion megafactories
The Supply Chain 20/20 initiative begins with the
publication of a white paper, Mineral Supply Chain Visibility

Benchmark’s second issue launched in Q2 with a
main feature on Europe’s conflict mineral plans
Market pricing
and analysis
service for the
natural graphite
sector is launched
including the first
flake graphite
price index

July
Benchmark
Data | Graphite launches

BENCHMARKMINERALS.COM/WORLD-TOUR

BENCHMARK | WORLD TOUR
BATTERY RAW MATERIALS | SUPPLY CHAIN 20/20

September
Benchmark World Tour
2015 begins

SEPTEMBER - OCTOBER 2015

Investor seminars and breakfast presentations on
the lithium ion battery supply chain; 11 cities over 68
days from London to Mongolia
LONDON

NEW YORK
TORONTO

VANCOUVER
HONG KONG
TOKYO

SYDNEY
MELBOURNE

October
The end of the beginning

Deutsche Bank to use
Benchmark graphite prices

Benchmark
Q3 magazine
launches; the
VW scandal and
Tesla’s Model
X launch took
centre stage in
an unpredicted
few weeks for
the auto sector.
Benchmark’s
cover declared
this period
the end of the
beginning for
electric vehicles

Benchmark Mineral Intelligence is proud to announce its inaugural
World Tour 2015 - Battery Raw Materials | Supply Chain 20/20.
The Benchmark | World Tour 2015 will take place between September
and October 2015 across 8 financial hubs over 4 continents.
Hear from Benchmark's independent analysts and public companies on
the future of the battery industry and the minerals that supply it:
graphite, lithium, cobalt and vanadium.
Topics will include:
•
What role do critical minerals play in batteries?
•
How much graphite, lithium, cobalt and vanadium will be
needed and when?
•
At what rate will electric vehicles and utility storage take off?
•
What opportunities/challenges will the emergence of major
new markets bring?

CALL FOR SPONSORS:
There are opportunities for a limited number
companies to speak and sponsor the event.
Contact us today:
Simon Moores - Managing Director
smoores@benchmarkminerals.com
+44 20 3751 0357

Benchmark comes to an agreement
with Deutsche Bank to regularly
publish its graphite prices in a weekly
minor metals round up
Between September and October 2015, the Benchmark | World Tour
2015 will be visiting: London, New York, Toronto, Vancouver, Hong Kong,
Tokyo, Sydney and Melbourne.

SUPPLY

CHAIN

20
20

November
World Tour 2015 closes

Goldman Sachs publishes
Benchmark data

December
Graphite Supply Chain 2016

FT sector coverage

Final 2015 Magazine issue

Goldman Sachs’ first significant research on the sector, The Low
Carbon Economy, is published. Benchmark advising lithium and
the lithium ion battery sector with its data being published in the
report

www.benchmarkminerals.com/graphite2016

Benchmark launched the Graphite Supply Chain
2016 Conference & Workshop at an industry
dinner in London. More at Benchmarkminerals.
com/Graphite2016

GRAPHITE
SUPPLY CHAIN

13-15 NOVEMBER 2016
ISLAND HOTEL | NEWPORT BEACH
CALIFORNIA | USA

Benchmark is quoted in a number of articles by Financial Times.

GRAPHITE SUPPLY CHAIN 2016
CONFERENCE & WORKSHOP:

Benchmark launches its latest piece of
significant work and fourth magazine issue

THE WORLD'S MEETING
PLACE FOR THE
NATURAL GRAPHITE
INDUSTRY, FROM
MINE TO MARKET.

World Tour 2016 launches
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Apple’s emerging EV focus
China lifts rare earths quota
SQM lithium: exclusive interview
Orocobre enters lithium industry
Uranium set for higher prices
Peak graphite in China?
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Rise of lithium-ion sends cobalt critical P36
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The most critical of all minerals reviewed P44
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Major & emerging minerals & metals reviewed

A year in review
It’s been a long year for all at Benchmark Mineral Intelligence.
Not that the first year for a start-up company is meant to be easy, but
really it’s been an 18-month process to create the blueprint that we can
now build on.
Thanks to the hard work of all full time employees, business partners,
and “early adopter” customers we have managed to achieve our goals,
and elevate the company’s profile to a level I never thought was possible
in January.
We stand today with a number of quality and complementary products
on the market. We have a series of subscription products: Benchmark
Membership, Benchmark Data | Graphite and the soon-to-launch Benchmark
Data | Lithium.
We have an established event: The Benchmark World Tour – a half day
seminar on the lithium-ion battery supply chain which saw 477 investors
and industry participants across 8 cities attend.
The Benchmark World Tour 2016 is now being planned with the
potential to expand to ten cities such is the demand: London, New York,
Washington DC, Toronto, Vancouver, Hong Kong, Singapore, Tokyo,
Sydney and Melbourne.
In terms of products in the pipeline, our forecast reports will be on the
market in 2016, debuting with graphite and lithium-ion battery supply
chain. We will also be adding a second event to Benchmark’s series of
offerings: Graphite Supply Chain 2016, taking place 13-15 November in
Newport Beach, California.
It is humbling for our staff to continue to be invited to give talks around
the world.
Already in 2016 we will be speaking at PDAC in Toronto (February),
SME’s Mining Finance Conference in New York (April) and the Cobalt
Development Institute’s annual event in Seoul (May) where we will be
hosting a workshop.
Perhaps the proudest achievement of the year came in the final quarter
when Deutsche Bank, Goldman Sachs and Financial Times all cited
Benchmark’s data and information.
Deutsche Bank began quoting Benchmark’s graphite prices in a weekly
commodities email for its institutional clients and we advised Goldman
Sachs on lithium and batteries for its Low Carbon Economy Report.
It’s one thing working hard to set up services, but when they are used in
such influential reports, it is the highest seal of approval you can get.
www.benchmarkminerals.com

It sets us in good stead for the New Year, a year where we will continue
to invest in technology to drive our subscriptions online and travel to
meet our customers face to face.
We are big believers in boots-on-the-ground and invest a large portion
of our budget on travel as a result.
If you cannot be driven enough to meet your customers whether
they are based in Hong Kong, Mongolia or Auckland, then you can’t fully
expect to understand what’s really going on. There’s only so far desk
research and Google can take you.
Benchmark has been created to focus on the lithium-ion battery supply
chain which once again saw significant growth throughout 2015.
The raw materials responded in kind: lithium’s price rose on average
25-30%, spherical graphite exports from China increased 43%, and China
overtook Japan as the number one producer of battery separators.
Perhaps the biggest statistic of all was China overtaking the US as the
leading producer of electric vehicles; the final numbers: 250,000 versus
180,000 of low emission vehicles sold.
There are no signs of this slowing in 2016 either.
In the first quarter alone we expect Tesla Motors to officially open the
Gigafactory. The Silicon Valley company will also launch the Model 3 in
March while Chevrolet will release its competing Bolt around the same
time.
Both will be the first sub-$35,000 full EVs on the market.
More competition in North America is also expected with the rise of
Faraday Future, a EV producer being designed and funded by Chinese
billionaire Jia Yeuting to directly compete with Tesla.
Benchmark and its employees will continue the drive to collect
accurate, reliable, independent data on these markets to cut through the
hype and misinformation and give our customers unrivalled insight.
We thank all of our customers that have supported us in turning a
concept into reality in 2015 and are proud to say we have earned the right
to do it all over again for another 12 months.
Simon Moores
Managing Director
Benchmark Mineral Intelligence
@sdmoores
@Benchmarkmin
smoores@benchmarkminerals.com

✉
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FIRST HAND DATA,
FROM THE SOURCE
Benchmark Mineral Intelligence collects first hand data
on critical minerals and their supply chains, from mine to
market.
Supply, demand and price data is the bedrock of all of
Benchmark's products from our Quarterly Magazines to
our Graphite and Lithium data products.
Enquire today for more information:
info@benchmarkminerals.com

SUPPLY

CHAIN

20
20

> @BenchmarkMin
> benchmarkminerals.com
> info@benchmarkminerals.com

UPSTREAM | NEWS ANALYSIS

Upstream | News Analysis
Analysing major news developments from the mining,
processing and global trade of critical minerals and metals

IN THIS SECTION:
n TECH-TONIC SHIFT POWERS LITHIUM’S
PRICE SURGE
n VALE NICKEL EXPANSION EASES COBALT
SUPPLY TENSIONS
n CHINA OVERTAKES JAPAN AS LEADING
SEPARATOR PRODUCER

NEED PIC

Credit: Rio Tinto
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upSTREAM | news analysis

Tech-tonic shift means lithium’s price
surge is set to continue
Lithium’s price performance highlights the material’s unique standing in a world of
commodity crashes, but supply side structure remains a potential obstacle to growth
by Simon Moores
The price of lithium carbonate and
hydroxide continued to rise through
the fourth quarter of the year
sparking fears from buyers that the
industry is to remain in shortage for
some time.
Lithium carbonate rose to $8,000/
tonne, a 23% increase year-on-year,
while lithium hydroxide went even
higher to $10,000/tonne, a 25%
increase over the same period.
Strong lithium-ion battery
demand in Asia has seen prices surge
in 2015 and no end appears in sight
as a new wave of full electric vehicles
(EVs) are set to come into production
over the next 18 months.
The battery sector is in the middle

of a shift from megawatt capacity
plants to gigawatt operations in
order to fill expected demand from
the auto sector and utility storage
industry.

Commodity price
divergence
These are some of the few significant
growth markets in the world at
present and the subsequent price
spike in lithium is further evidence
of how this growth could be a major
catalyst for change in raw material
markets.
Being driven by major established
industries, traditional commodities
such as steel and energy rely heavily

on the construction of cities and
infrastructure networks like rail and

Bloomberg’s Commodity Index,
which also tracks goods such as

roads.
China’s rapid development
between 2000 and 2013
underpinned all demand for these
minerals and metals. But with the
country going through a major
period of change, demand has
plummeted leaving many questions
over whether consumption will ever
rebound to levels seen in the 2000s.
The price drops experienced in
commodities are in stark contrast to
the battery-powered lithium industry
and have been compounded by the
strong US dollar, the main currency
of trade.

coffee beans and tea in addition to
minerals and metals, dropped to its
lowest point since July 1999 in early
December.
Oil was a major contributing factor
to these declines, dipping below $40/
bbl for the first time since February
2009 and sparking fears it could head
as low as $20/bbl.
Iron ore slumped to a fresh ten
year low in mid-December trading
at $38.20/tonne, taking decreases in
2015 to 45%.
Iron ore, the most commonly cited
commodity, has had an astonishing
fall from grace to $38.20/tonne in

bloomberg commodity index

Source: Bloomberg
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LITHIUM

COMMODITIES VS NICHE MINERALS - prices changes 2015

Key takeaway points:

Lithium 22%

n Niche minerals proving more resolute

Graphite -8.30%

n Fortunes have become removed from
traditional markets

Cobalt -28.50%

n Slow turning circles, but greater 		
upward pressure

Aluminium

n Diverging trends already emerging

Copper -26%

Tin -24.80%

Nickel -41.80%
-40%

-30%

-20%

-10%

0

10%

20%

30%
Source: LME, Benchmark Mineral Intelligence

mid-December compared to prices
of $180/tonne as recently as 2011.
And in addition, Copper’s price
has decreased by an average of
30% throughout 2015, from $3/
lb in January to little over $2/lb in
December. This adds to a long term
price decline which began in 2011.
Looking forward into 2016, it
appears there will be more pain than
gain for commodities.
Moody’s place target prices of $40/
tonne for iron ore, $2.15/lb for zinc
and $3.80/lb for nickel.
The fortunes of lithium this year
and next are a world away from this.
Benchmark Mineral Intelligence
expects lithium prices to continue
there strong performance into 2016.
A significant lack of supply of both
lithium carbonate and hydroxide
has forced prices higher on the back
of growth in lithium ion battery
production, which is close to 15%
this year alone.
New supply is looking set to be
limited in 2016 with new output only
expected from Orocobre in Argentina,
and a potential for more hard rock
tonnages from Talison in Australia.

www.benchmarkminerals.com

Lithium’s structural
bottleneck
The rise of Australian spodumene
miners will be one of the key trends
to watch.
With production costs falling
owing to the value of the Australian
dollar versus the US dollar, hard rock
lithium from the country has become
increasingly competitive in a market
that needs quick, new volumes of
lithium.
Spodumene offers a more rapid
route to market by supplying
a feedstock to Chinese lithium
chemical producers without the
need to build complex chemical
processing plants at site.
The other major lithium producing
region, the Atacama in Chile, has this
year seen political deadlock over the
rights to extract lithium, an obstacle
which looks set to remain in the short
term.
Therefore, there is a strong
opportunity for spodumene sourced
lithium to fill the supply gap the
industry is facing.
Benchmark believes in the next
18 months the only significant new

volumes of lithium will come from
the hard rock source, as has been the
case for the last 4 years.
Lithium sourced from brine is at
risk of letting its dominance slip and
opening the door to new extraction
technologies.
While brine extraction of lithium
is the lowest cost way of producing
large volumes, lithium is an abundant
mineral found in many forms
including clays, seawater, geothermal
brines and oilfield brines.
While the lithium concentrations
in many of these sources are
prohibitive to economic extraction,
the lithium sector is susceptible to
disruption.
In the mid-1990s, SQM, emerged
almost overnight to become the
dominant lithium producer. Lithium
was originally a by-product of potash
extraction at its Salar de Atacama
plant, but 15-years later has become
its mineral of focus owing to the
mineral’s strategic importance.
SQM took a commodity
approach to low cost pricing which
forced a number of its competitors
out of business, particularly those

mining from hard rock sources
such as spodumene and petalite
operations.
It only took a handful of years
for this change to take shape and
lithium today stands at another
crossroads.
A lack of expansion from brines
has opened the door to Orocobre
and seen the rise of alternative
lithium sources such as Western
Lithium’s hectorate project in
Nevada, and Bacanora Minerals’
Mexican clay deposit.
The incumbent lithium producers
tried during lithium’s first price
spike of 2009 to quell the furore
surrounding supply availability, but
in the five years since they have not
been able to live up to their promises
of significant expansions.
Only Talison has stepped forward
to supply new volumes.
It is this inactivity from the
established majors which could see
a shift away from lower-cost brine
sources and, arguably, poses one of
the biggest bottlenecks to battery
capacity expansions in the longerterm.
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UPSTREAM | news analysis

Credit: Barsamuphe

Vale’s nickel-cobalt mining
operation in New Caledonia

Vale nickel expansion eases
cobalt supply tensions
Cobalt’s supply issues have failed to be quelled in the fourth quarter of the year leaving
questions over whether a significant shortage will hit the industry in 2016.
With oversupply and prices
plummeting to six-year lows in both
copper and nickel, their cobalt byproduct, one of the few in-demandmetals, is facing indirect supply cuts.
However, one of the world’s
largest mining groups, Vale, is going
against the grain and is increasing
output from its nickel mine in New
Caledonia – the Pacific island chain
close to Fiji – a move which will see

16 | DECEMBER 2015 BENCHMARK

the company supply more cobalt to
the market in 2016.
Vale, which is also the world’s
largest producer of nickel,
announced plans to increase output
from its Goro mine in December
2015 against a backdrop of slumping
prices which have made operating
in the region “very challenging”,
according to the company.
The mine is the groups largest

source of cobalt.
At the Vale’s annual investor day,
Jennifer Maki, CEO of Vale Canada
and Executive Director of base
metals, acknowledged concerns that
investor’s “patience is wearing” in the
project, but explained that the only
way to reduce costs to competitive
levels was to increase production.
This, alongside production and
efficiency improvements at the

company’s Sudbury and Voisey’s
Bay operations, is expected to add
additional volumes of cobalt into the
market in 2016.
Despite these targets, industry
sources are still expecting the cobalt
market to move into deficit next
year, as other copper and nickel
operations are forced to reduce
output and demand from the battery
and aerospace markets continues to

www.benchmarkminerals.com

cobalt

FACT BOX: GORO NICKEL MINE

Price declines in copper and nickel
15,000

Goro Mine

Location:

Yaté, Prony Bay, New Caledonia

Main Product:

Nickel

Capacity:

40,000 tpa

By-Product:

Cobalt

Capacity:

3,000 tpa

12,000

US$/tonne

Name:

9,000

6,000

Nickel

Copper

3,000
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Source: LME

increase.
With the vast majority of cobalt
produced as a by-product of copper
and nickel operations, falling
commodity prices have put pressure
on major suppliers around the world.
US-based Glencore announced
plans to suspend operations at their
Katanga mine in Q3 2015, while
other operations in the region are
also believed to be under threat as
margins continue to tighten.
These pressures in base metal
markets come at a time when
consumption of battery-grade cobalt
is likely to increase considerably.
With many of the major battery
megafactory capacity expansions
being built around either the nickelmananese-cobalt (NMC) or nickelcobalt-aluminium (NCA) cathode
chemistries, 2016 is expected to see
a push from consumers to secure
supplies for a gradual ramp-up in cell
production from 2017 onwards.
Although fears over the security
of cobalt supply have seen some
producers attempt to reduce cobalt
content, established chemistries
are likely to require some volume of
cobalt for the foreseeable future.
This reduction in cobalt output
therefore poses a potential
bottleneck in the development of
major lithium-ion battery expansions
and is likely to see heightened
interest in the development of new
sources during 2016.
Increased output from New
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Caledonia will subsequently provide
some optimism for buyers of battery
raw material, although the operation
will have to match the 50% increase
in production which it achieved in
2015 to overcome its high fixed to
variable cost structure – a tough
task considering the wider structural
changes in commodities.

Vale cobalt production (2014)
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Commodity pressures
driving cobalt
The Goro mine in New Caledonia is
estimated to be Vale’s largest source
of cobalt, however volumes are also
produced from its North Atlantic
operations – Sudbury, Thompson
and Voisey’s Bay.
While announcing plans to
improve the flowsheets of these
North Atlantic operations, Maki also
outlined a goal to reduce production
costs in New Caledonia from
$20,000/tonne today, to $13,000/
tonne in 2016.
Despite these expected cost
reductions, Maki also acknowledged
that New Caledonia, in particular,
“needs a robust nickel environment
for the future”.
With nickel prices down in excess
of 30% in 2015 alone, the longerterm prospects of increased cobalt
by-product production from the
mine remains in question.
The company has experienced
issues in ramping up production
from the mine and with commodity
investors becoming increasingly

Source: Darton Commodities Limited

sceptical of the near-term prospects
of a recovery in base metal markets,
2016 could prove a defining year for
the Goro project.
Vale is expecting to reach 75%
of its nameplate capacity of the
Goro mine by the end of 2015,
with this increasing to 85% in 2016.
Meanwhile, production of ores from
the company’s Sudbury project in
Canada is also projected to increase
as the company seeks to cut costs by
25% by reducing feedstock material
from other suppliers.
Price declines in copper and nickel
Although these cost-cutting
efforts are likely to work in favour of
increased cobalt supply from Vale in
the short-term, wider adjustments

in commodity markets mean
production is still at the mercy of
copper and nickel operations.
This is a supply security issue
which will have to be addressed in
the longer-term.
Existing producers such as ENRC
have already announced plans to
develop new mines by 2017, while
junior projects, primarily in North
America, are seeking to develop
primary cobalt deposits.
In addition, 2016 is expected
to see further development of
recycling routes for cobalt with major
companies in Germany, Japan and
Belgium exploring processing routes
to more efficiently recover used
material.
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Benchmark | Forecasts: medium and long term supply, demand and price
forecasts. These annual reports will give our independent view on the future
of critical mineral industries. Graphite will launch in Q2 2015.
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Separators

China overtakes Japan as leading
separator producer amid auto surge
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China has overtaken Japan as the
world’s leading producer of battery
separators amid strong demand from
lithium-ion batteries used in cars.
The country’s incredible surge in
production of low emissions vehicles
in 2015 has seen it overtake in the US
as the leading producer with annual
growth of 290% compared to 2014.
China is expected to top 250,000
vehicles by the time the numbers
are published in January 2016, with
the US market due to reach 180,000
this year.
As a result, it is unsurprising that
demand for key components that
make an automotive lithium-ion
battery have also surged.
With the majority of focus
on cathode or anode materials,
separators tend to fall under
the radar. However, the polymer
membrane which divides a battery’s
active cathode material from the
carbon anode are perhaps the most
accurate indicator of demand, as they
are used in every lithium-ion battery
regardless of chemistry.
New data from Japan’s Yano
Research shows that China now
accounts for 37.6% of the battery
separator market while Japan now
stands in second place with a 34.9%
market share. The third largest
producer is the U.S. with 11.1% of the
sector.
EV batteries are an order of
magnitude bigger in size than
those used in cell phones, laptops
and tablets and therefore require
more volume of anode and cathode
material and square meterage of
separators. China has capitalised
on this over the last five years
by investing in low cost capacity
compared with its main competitors,
Japan and South Korea.
Japan was the market leader
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*Used in mobile technology. Source: Yano Research

in the separator space until 2013
when production increases and
an aggressive pricing strategy
from Chinese manufacturers saw it
begin to take significant portions of
demand.
Between 2011-2015, demand
for separators used in lithiumion batteries for small, mobile
applications has nearly doubled from
486,000m2 to 760,000m2.
Meanwhile, separators for
automotive batteries have increased
from 592,000m2 to 1.27m2 in the
same period, with the majority of
new low cost supply coming from
Chinese manufacturers.
“The average separator price
per m2 is dropping year by year
because Chinese manufacturers are
trying to expand market share with

an aggressive low pricing strategy,”
explained Sachiya Inagaki, General
Manager at Yano Research to
Benchmark Mineral Intelligence.
Electric vehicle (EV) initiatives
launched by the Chinese
government have encouraged new
entrants into the separator market,
but Inagaki believes that China’s
sharp increase in production could
lead to a medium term over supply in
the market.
“Since the central government has
been promoting EVs, there has been
an increasing number of Chinese
producers entering the market in
anticipation of [new demand].”
“However shipments by local
Chinese separator makers may far
exceed the actual demand due to
the low production yield of Chinese

automotive lithium-ion battery
makers,” Inagaki added.
With actual separator demand
still up 26.1% in 2014 on 2013 levels
and stronger expected growth to
come, the short and medium term
demand for this critical component
is strong.
The impact of the potential over
supply from China is yet to be felt in a
significant way.
Domestic price competition may
lead to consolidation in the medium
term, but for now this relatively
young industry is more focused
on taking market share away from
its neighbours of Japan and South
Korea than utilising its production
capacity.
Something it is, at present,
successfully doing.
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Downstream | News Analysis
Analysing major developments for disruptive technology, the
driver of critical mineral and metal demand

IN this section:
n Climate change - we need a new
	argument
n Faraday’s Future begins with 		
$1bn EV plant construction
n VW may pin hopes on eVs and 		
new battery pack design

BusinessWeek cover from 30 May 1994 Credit: Steve Jurvetson
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Climate change:
we need a new argument
Politics and climate. Two inseparable world’s that should be poles apart.
Prizing apart these two subjects was the major hurdle facing 150
world leaders that attended the United Nations (UN) Conference on
Climate Change in November at the 21st summit of its kind also known
as COP21.
It was widely anticipated to be the most significant climate meeting
since Koyoto in 1992, the first definitive commitment from countries
to reduce greenhouse gas output, and most notably carbon dioxide
emissions.
Many commentators saw China and the US as the key nuts to crack
on carbon output, after all, the world’s biggest economies and carbon
emitters have not played ball in any real way since Koyoto.
Granted, China, as a developing nation, was initially omitted from
the agreement as its carbon contributions in the atmosphere to date
were nothing compared to industrialised nations. China was just getting
started.
Meanwhile, as the agreement didn’t become international law until
well into the second half of the 1992-2012 timeframe, the US went into
carbon output overdrive, wiping out any cuts other countries made.
With China – the new contender to the global economic throne –
not having to adapt to any legislation, why should the US? It was a fair
argument and one that politicians have never really overcome.
And with that, the failures of Koyoto became apparent and the
climate change issue became more about politics and less about the
environment.
We now stand on the cusp of 2016 and climate change is more
controversial than ever before.
Each participant now seems to have to take a side: “yes, man-made
emissions are causing irreparable change to our climate” or “no, it’s not
man made and part of a wider natural cycle”.
This will again no doubt be the premise of the Paris seminar. Similar
politicians to 1997 arguing the same issues. Different year, same story.
At COP21, more than 175 countries have given carbon cut pledges to
keep the rise in average global temperatures under 2.7 C. The UN has an
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even more bullish target of 2.0 C, while a secret target of 1.5 C is where
the negotiations will start.
You will be forgiven for thinking this is starting to sound like a TV
episode of The Apprentice.
Whether you are a believer, skeptic or indifferent, the argument
over the climate has become so convoluted and loaded that we are
seemingly further away from change than ever before.
Therefore, the argument needs to change in order to get the wheels
turning.
It needs to be less about global warming and more about introducing
low carbon technologies in a major way.
After all, surely petrol or diesel emissions being released into
atmosphere is not good in any way, regardless of whether it causes
the climate to warm. Thus, the role of electric and hydrogen based
propulsion should increase on this basis as a minimum.
And our energy needs over the next 30 years must pave the way for
mainstream solar and wind power as a legitimate, economic source…
regardless of their green credentials.
Furthermore, the widespread adoption of what are now lower cost,
advanced and efficient technologies to harness and store energy – such
as solar photovoltaics and lithium-ion batteries – are becoming so low
cost that they must nearing serious consideration for the mass market.
The icing on the cake for the world’s leading economies (and carbon
emitters) should be that these technologies can create significant new
industries at a time of uncertainty with traditional ones.
While the focus of the UN’s summit will no doubt be the age old
argument of global warming and negotiating on dubious percentile
points of a degree Celsius, it should be zeroing in on technologies that
can make it happen.
The focus should be on the means to the end. And not the end itself.
Simon Moores
Managing Director,
Benchmark Mineral Intelligence

BENCHMARK DECEMBER 2015 | 23

has
cism

downSTREAM | news analysis

Credit: Faraday Future

Faraday Future’s
rendering of its $1bn EV
manufacturing facility
near Las Vegas

Faraday’s Future begins with $1bn EV
plant construction in Nevada
Tesla’s mysterious rival to come out of the shadows in 2016, but what does this mean for
lithium-ion batteries at a time when the Gigafactory is set for launch
by Simon Moores

24 | december 2015 BENCHMARK

seeking to emulate his compatriot at
Tesla, Elon Musk.
Not only are the plans to employ
4,500 on one site north of Las
Vegas grand enough to be from
the Tesla playbook, of the five key
staff members, four are from Tesla
and one is from BMW. Therefore,
it is unsurprising that design and
marketing have been its strongest
assets to date.
The company is aiming to produce
a range of full EVs by 2017 but will
focus on connectivity as a major
selling point.
“We will launch with fully electric
vehicles that will offer smart and
seamless connectivity to the outside
world,” the company explained.
“Our team [will take] a user
centric, technology first approach
to vehicle design with the ultimate
aim of connecting the automotive

experience to the rest of your life,” it
added.
It is yet another example of
technology and automobiles
converging, two multi-billion dollar
industries that is set to cause great
disruption in their respective sectors.
And it has led some to believe
that Faraday Future is looking to beat
Apple to a similar EV strategy with
expectations that the electronics
manufacturer will be launching its
own full connected vehicle in the
next two years.
Treating a vehicle like a
smartphone is something that
Faraday Future believes it can get the
edge on its competitors.
“When you buy a phone you get
the hardware for free, you can use
it for whatever you want, and it can
kind of do everything,” explained
Page Beermann, head of exterior

design at the company.
“So what if you had access to a
range of products where you can
buy one car but you’re actually
accessing five different kinds of cars?”
Beermann said.
This gives an insight into the
direction the start-up company is
heading. While Tesla has focused on
making EVs desirable through
design and performance, Faraday
Future wants to take this one step
further by making its cars fully
integrated with the users’ day to day
technology.
It also raises the question whether
the company would be looking at a
car sharing scheme of sorts. While
not a new idea, EV manufacturers to
date have shied away from any form
of sharing of intellectual property
such as chargers and battery
management technology.

▲

Faraday Future is a name is yet to
have much impact in the electric
vehicle (EV) arena.
The California-based company
has released little information about
its plans to design and manufacture
electric and autonomous vehicles in
Nevada except for the promise that
it will be an auto industry gamechanger.
Secrecy itself has been the loudest
noise Faraday Future has made to
date.
If it sounds familiar, you are
forgiven.
Faraday Future is being specifically
designed to compete with Tesla
Motors and is backed by its very own
billionaire, Jia Yeuting from China.
Yeuting has a net worth of nearly
$8bn and rose from 78th to 17th in
the Forbes China Rich List in the last
12 months. At 42, the billionaire is
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The state of Nevada is announcing a special legislative
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promote business within the state, which includes a vote on increased
incentives. If the incentive bill passes, Faraday Future will build their

faraday future: north las vegas manufacturing facility

ﬁrst manufacturing plant in North Las Vegas.

Pending Nevada legislative approval, Faraday Future will build its first manufacturing plant in North Las Vegas
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FF will invest $1bn into this state-ofthe-art automotive manufacturing plant,
invigorating the NV economy.
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Faraday Future’s cutting-edge facility
will encompass 3m square feet and 900
acres of land in North Las Vegas’s APEX
Industrial Park, a thriving environmentallyconscious development zone.
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New jobs for Nevada

FF will directly create 4,500 new jobs, with at least 50%
recruited from the Nevada workforce. FF’s operations
would also result in 100s of additional
75% jobs among its
Production
supplier base and other supporting
enterprises.
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Source: Faraday Future
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Who is Faraday’s billionaire backer?
Jia Yeuting is a secretive billionaire from China and is almost single handedly
backing Faraday Future’s assault on the EV and autonomous car market.
One of the country’s youngest billionaires at 42, Yeuting has built his wealth
through Leshi TV, a YouTube style video sharing site, sports website Le
Sports - in which Alibaba’s Jack Ma has invested - and Sinotel, a wireless
telecommunications company that went public in Singapore in 2008.
In a bid to emulate, and take on, Elon Musk and Tesla Motors, Yeuting
launched Faraday Future in 2014 and has rapidly built it to a 400-strong
employee business for major entry into the market in 2016.
Yeuting was one of Forbes’ China Rich List big movers in 2015 rising from
78th place to 17th in just one year, primarily due to the triple digit growth
of Leshi TV.

“

The world’s
changing… we’re not
going to let it pass
us by
Nevada’s state governor,
Brian Sandoval

▲

Faraday construction,
Gigafactory to launch
The company has already started
construction on a $1bn “state-ofthe-art” EV manufacturing facility in
north Las Vegas, Nevada, the same
US state where Tesla have built their
mega battery plant, The Gigafatory,
and the only lithium producing
region in North America.
It is a move that could shift the
North American auto industry’s
power away from Detroit.
“It’s making Nevada the centre of
gravity for the new auto industry,”
a consulting firm involved in the
process explained to The Review
Journal.
The plant will be located at
the Apex Industrial Park, only 15
minutes from downtown Las Vegas.
Interestingly, it is also the same
industrial park where Elon Musk’s
Hyperloop test facility will be based.
In terms of sheer size, Faraday’s
plant will be about 25% smaller
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than the Phase 1 Gigafactory, while
it is only expecting to manufacturer
vehicles there and not lithium ion
batteries.
The company has also received tax
incentives of $315m over a 15-year
period to locate at the site, dependent
on the final investment sum.
“We’re proud of our mining, we’re
proud of our gaming, we’re proud of
all those anchor tenants that we’ve
had in our state,” explained state
governor Brian Sandoval.
“But the world’s changing. And I
know that you agree with me that
we’re not going to let it pass us by.”
Meanwhile in northern Nevada,
some 700km away, Tesla is on
schedule to launch its Gigafactory
just outside of Reno.
The company is not only on track
with a Q1 launch of the world’s
biggest lithium-ion battery plant, but
it has recently more than doubled
its land holdings on site from 10m
square feet to 24m square feet,
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sparking rumours it may be planning
to build a second Gigafactory at the
same location.
Recent images taken at the
site of what will be the world’s
biggest lithium-ion battery plant
show welcome reception signs
saying “Gigafactory 1” leaving the
assumption that more than one will
be built sooner rather than later.
With the number of EVs produced
worldwide reaching record levels in
2015 together with major plans for
this output to grow at an even more
rapid rate between now and 2020,
taking battery production into its
own hands is deemed a major short
term risk but a wise move by Tesla.
“It’s hard to convince people from
consumer industries that you’re
going to make 15 times as many
cars as you’re currently making. That
sounds pretty implausible. We just
had to say we’re going to do it [make
our own batteries], and you’re either
on the ride or you’re not.” Elon Musk
explained in an interview with Fast
Company.
And with new producers like
Faraday Future entering the space, let
alone the number of vehicles China is
producing today, lithium ion battery
demand could be significantly
higher than even the most bullish of
estimates.
Analysing Faraday Future’s

secretive plans, it is a fair estimate
to assume the company will have at
least the capacity to produce 100,000
full EVs at the Las Vegas plant each
with a battery capacity in excess of
50kWh per vehicle.
All eyes will be on the company at
the CES2016 show in January to see
what plants and battery technologies
the company reveals.
What the company’s entry into the
auto market does prove is that money
is flowing into the sector from outside
sources. No longer is the auto sector
funding its most innovative projects.
Talent - mainly the world’s top
young engineers and designers - are
now gravitating towards the auto
sector, something that was not the
case only three years ago.
While the company is some way
off of producing its first EV, it claims
the money and talent is there.
In the last 12 months it has grown
from 50 people to 400 and is hiring at
a rate of 50 a month.
Faraday Future aims to have its
first EV on the road by 2017 adding
yet further battery demand to an
already squeezed market in this
timeframe.
The world will be watching
whether the company can reach its
ambitious goals and whether there
will be enough batteries available to
make them happen.
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batteries

Sony CEO, Kazuo Hirai at CES 2015 in Las Vegas
Credit: Sony Corp

Sony pushes to commercialise lithium
sulphur batteries
Sony Corp, the electronics producer
that commercalised the lithium-ion
battery in the early 1990s, is seeking
to do the same for lithium sulphur
chemistry.
It emerged in mid-December
that the Japanese electronics
conglomerate is looking to give
its mobile phone manufacturing
division an edge and sees batteries
as providing that.
Rumours emerging from Japan
claim that the group is seeking up to
a 40% improvement on lithium-ion
battery life by developing lithium
sulphur to a commercial level by
2020.
Lithium sulphur has a higher
energy density than its lithium-ion
counterpart but there has been
major technical and cost issues
prohibiting it from becoming the
incumbent battery chemistry.
“Theorectically lithium sulphur
batteries look good,” explained
advanced materials expert George
Hawley to Benchmark Mineral
Intelligence.
“But in practice the energy density
is much lower [than stated],” he
explained.
Sony has also been working on
magnesium sulphur batteries to
tackle the long standing problem of
battery life in mobile technology. A
major issue for the company is to find
a chemistry that best fits its two main
battery-powered businesses - mobile
phones and robotics.
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Lithium Sulphur: Positive/Negative
n Low cost and avalibility of 		
sulphur raw material
n Can operate a low and high
temperatures
n Long cycling
n High theorectoical energy 		
density

n Low practical specific energy
n Expansion of sulphur cathode
n Dendrides on lithium metal
anode

Source: Benchmark Mineral Intelligence

To date, lithium-ion is the best fit
for all mobile devices but it is far from
perfect, especially as the demands
from mobile technology increase
at a greater rate than battery
improvements.

What does this mean for
lithium-ion?
In the short term, little to no change
in the direction of the battery
industry can be expected.
Billions of dollars of investment
are already committed to creating
a global lithium-ion battery
megafactory infrastructure that
will serve the industry for the next
decade. This will take the sector from
megawatt to gigawatt scale in the
next two years.
However, with Sony seeking to
break into to the market in 2020 with
lithium suphur batteries, it is likely
that significant traction could be
made by 2022 and a new competitior

for lithium-ion in the handheld,
mobile technology space begins to
emerge.
For this to happen, some
significant hurdles with battery raw
materials must first be made.
Graphite will be the first raw
material to be impacted as the
lithium sulphur chemistry utilises a
lithium metal anode with a sulphur
cathode.
“Lithium sulphur cells have several
problems. These can be overcome
but only by the addition of expensive
additives or manufacturing
techniques,” explained Hawley.
Expansion of sulphur in a battery,
much like with silicon anodes, was
highlighted as a major hurdle to
overcome.
“Sulphur expands by 80% when
lithium ions are deposited on
the cathode. The expansion and
contraction during charge and
discharge causes crumbling of the

cathode,” Hawley said.
“This can be overcome by
encapsulating the sulphur in a
flexible package,” he added.
The low cost and avaliability of
sulphur is also a positive for the
technology as many industries
producing battery raw materials are
niche and small scale.
Sulphur is produced as a byproduct of hydrocarbon production
- which in itself is a juxtaposition to
the clean energy markets batteries are
trying to serve. However, it is very low
cost - 70 times cheaper than lithium
hydroxide on 2015 averages prices.
Many producers see it as a waste
product, and in times of oversupply,
actually pay for it to be removed.
On the lithium anode side, the
metal can form dendrides which was
also highlighted as a challenge for
the new technology. This is a major
safety issue for the battery as these
dendrites can cause short curcuiting
and ignition.
This is particuarly hazardous for
robots and electric vehicles.
As more attention and investment
converges on batteries, new
technologies will be investigated and
persued. While Benchmark believes
lithium-ion is here to stay in the
medium term, competition such as
Sony’s lithium sulphur battery will
emerge, especially in the mobile
technology and utility storage space
where there is more room for new
competitors.
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VW opens the door to redemption: A
brand new EV concept to be unveiled
in January 2016

Credit: Ryosuke Yagi

Eye of the storm
VW may pin hopes on electric vehicles
and new battery pack design to revitalise
embattled brand
By Simon Rees
Ships threatened by storms are
positioned to face the wind as the
captain down to the lowliest rating
brace themselves for impact. The
storm created by Volkswagen’s (VW)
Dieselgate scandal continues to lash
the company and, like the crew of an
embattled vessel, the management’s
efforts are focussed on keeping the
corporate ship righted and afloat.
Electric vehicles (EV) could prove
an important means of doing
this, mitigating both the scandal’s
damage on VW’s reputation and
carving out a wider piece of the
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growing EV pie, particularly in the
North American market.
Moves to this effect are already
becoming apparent.
For example, VW announced in
mid-December that it will present
a new concept car at the Consumer
Electronics Show (CES2016) that runs
from January 6-9 in Las Vegas. The car
will represent “new era of affordable
long-distance electromobility” and
will “illustrate the major changes that
the car is set to go through in the
next few years”.
Trade show hyperbole aside, it

Herbert Diess, VW’s chairman of passenger vehicles, has led
the public discussion on the group’s electric vehicle plans
certainly seems that whatever is
unveiled will be a flagship product.
Details have been kept to a
minimum so far. VW chairman of the
Volkswagen passenger cars brand
Herbert Diess will make an opening

speech on the show’s eve.
VW is already promoting an EV
version of its popular Golf model,
the e-Golf. It also has several other
concept cars in various stages of
development, such as the Bulli
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Facts and Figures

VW

Connected World

The digitisation of life has long since reached our cars. So-called connected cars, meaning vehicles that
nected to one another and to the internet, play a major role in customers’ desires. They demand modern
services, intelligent networking and control as well as features that increase driving safety. The prerequ
When cars become smartphones these things: a well-developed, fast, mobile internet.
One way VW is aiming to fasttrack its recovery is by pursuing
the “connected car”, a vehicle
that’s fully integrated with the
internet. While the technology
has been available for some
time, the car industry has been
slow with full adoption.
Because EVs rely on software
to manage the energy systems,
full connectivity to the internet
is critical; both technologies
will go hand in hand.
The graphic below shows that
while a third of the world’s
population is connected via
smartphones, only 10% of the
world’s cars are.

Number of smartphone users:
Number of smartphone users:
(worldwide in billions)

(worldwide in billions)

1.06
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3%
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Concept. Those who follow the
automaker’s fortunes and the EV
markets in general would be wise to
watch this space closely.
Flat-structured battery packs could
hold the key to VW’s electric future.
“We are developing a special
vehicle architecture that foresees the
installation of flat batteries,” Diess said,
“This will be a breakthrough for us.”
The flat battery pack structure
– which packs in more lithium-ion
batteries into a smaller space – is
reminiscent of what Tesla Motors
used in its Model S, Nissan in its LEAF
and BMW in the i8.
The flat battery pack also usually
results in a larger battery as it runs
the entire length of the cars chassis
and is not limited by space in the
back or front of the vehicle. This
means VW could be heading towards
a lithium-ion battery with a capacity
in excess of 60kWh.
The development also sees VW,
for the first time, thinking from the
battery perspective rather than a
automaking one.

1.31

1.64

Nearly two of the more
than seven billion people
on earth currently use a
smartphone. According to
forecasts,this number will
grow again by 600 million
over the next three years.
* Figures
forecast;
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The number of vehicles
with internet connectivity
is rising steadily – by a
few percentage points
since 2012. Currently
about
10% of the
The number
ofworld’s
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are internet
enabled.
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Forecasts
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These technologies are behind it:
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react when the truth is fully and
defeat devices on diesel models
ensure they met the country’s NOx
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The effects of the scandal have
the eye of the Dieselgate storm.
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Fisker to Karma
Fisker Automotive launched Fisker Karma in 2011,
a low emission vehicle with trademark solar panels
on its roof.
Originally intended for launch in 2009, Fisker Karma
was on the market between 2011 and 2012 before
the specialist EV producer ran into financial trouble.
This was compounded by the bankruptcy of
its battery supplier, A123 Systems, and Fisker
Automotive filed for bankruptcy in 2013.
Fisker was sold to Chinese conglomerate, Wanxiang
Group Corp, in 2014 and announced a rebranding to
Karma Automotive this year.
New EV models are expected over the next five
years.
This image was taken on the Benchmark World Tour
in Toronto.

Credit: Janik Freelance Photography
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The
quest
for
nano
scale
The drive for smaller particles has been trending
for decades in the minerals industry. Customers
are demanding purer and finer raw materials
that has taken specialist minerals from
millimeter measurements to the nano-scale.
With the emergence of hi-tech industries such
as batteries, a product that operates on nano
scale chemical reactions, demand for nano
engineering of minerals is intensifying.

Man versus nature: 3D printing (middle) is making
significant progress in nano engineering, while
graphene (top) has been the biggest natural material
breakthrough for a generation. At the foot, lithium iron
phosphate spheres made from nano-scale particles;
the target market.

Benchmark Mineral Intelligence spoke to CEO,
Dan Blondal of Canada-based developer, Nano
One, on this trend, batteries and where the
industry is heading

Credits: Nanoscribe (3D printing), University of
Manchester (Graphene), South China University of
Technology (lithium).
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Credit: A123 Systems

Different types of lithium-ion cell designs by A123 Systems

What are nano materials and
where are they used?

www.benchmarkminerals.com

Materials at these nanoscales behave
differently and have valuable optical,
magnetic, electronic, mechanical, structural,
and chemical properties. Man-made
nanomaterials are used to coat, protect and
strengthen everyday substances, deliver
drugs, capture energy, guide light for
telecommunications and if made affordably,
they can have a much wider range of
applications.

Why have Nano One targeted the
battery sector?
There is a high demand better batteries
and electric vehicles are poised to drive
tremendous growth. Nano One’s technology
can improve the energy storing structure in
lithium-ion materials using simple, low cost

▲

Nanomaterials are substances, particles and
crystals with molecular structures measured
in nanometres, or millionths of a millimetre,
sized between molecular and microscopic.
They can be organic or inorganic; made of
metals, ceramics, semi-conductors, polymers
or composites.
Synthetic nanomaterials are found in
paints, gels, clays, catalysts and as features
on microchips. Natural nanomaterials are
found in clays, gemstones, feathers and
bones, providing waterproofing to leaves,
iridescence to shells, and grip to geckos.
Researchers are now probing atoms and
molecules with great precision, fuelling
the discovery, design, characterization
and production of these materials for
applications in energy, health care,
electronic, communications, agricultural,
industrial, textiles and much more.

What are the benefits of nano
materials compared to traditional
raw materials?
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Benchmark | Data: your exclusive, online data and analysis tool. An annual
subscription to a database of market prices, production data, and monthly analysis.
Graphite and lithium will launch in Q2 2015, soon followed by cobalt and vanadium.
34 | december 2015 BENCHMARK

www.benchmarkminerals.com

Nano one

▲

discharge. Nano One is focusing efforts on
the demonstration of both commercial and
next generation materials with ingredients
like nickel, manganese and cobalt. The
technology also has the versatility to shift
with emerging battery technologies that
might include iron, phosphate, titanium,
aluminum, sodium and other strategically
important energy storage materials.

manufacturing technology and with this
potential, the battery space is a natural place
to start.

What technical benefits can
nano materials provide to battery
technologies?
Cathode materials for lithium ion batteries
consist of lithium and other components
like cobalt, nickel and/or manganese. The
quality of structures formed by these metals
is measured on the nano-scale and influence
energy storage, capacity, cycling and rate
of charge. Nano One believes that to do
so consistently, cost effectively and at an
industrial scale, requires technical innovation
in materials processing.
Nano One’s patented technology enables
lower cost feedstock and provides intimate
mixing of all the components making nano
structures that are more homogeneous
and tolerant of impurities. The improved
structure is durable and provides greater
capacity. The simplified process improves
costs, yield, throughput and down time.
.

Can you outline your nanoproduction process?

An SEM of a lithium ion battery with three
distinct anode, cathode and separator
layers on a copper substrate
Credit: Rice University

Would the costs of production
not prove prohibitive to achieving
cost-savings in the battery
sector?
Battery material production costs are based
on raw materials, operating costs and
performance metrics such as energy density,
capacity, cycling and charging. Nano One is
using low cost feedstock and simple scalable
methods to assemble atoms into long lasting
structures that store energy efficiently over a
greater number of cycles.
For example, we believe that It is possible
that with our processing technology could
enable a 50% reduction in the cost of
lithium-ion battery cathode materials in
terms of $/kWh.

Is this a patented process or open
source?

Are there any specific battery
technologies that you are
focusing on?
Most of today’s and tomorrow’s commercial
battery technologies will benefit from
nanostructured materials because long
lasting layered structures facilitate efficient
storage of lithium-ions during charge and
www.benchmarkminerals.com

Nano One’s method differs from other
industrial processes because it assembles
the atoms of each raw material before the
final firing stage.
Like others, Nano mixes raw materials and
fires them in a kiln but differs by avoiding the
costs of lithium hydroxide, repeated milling
and multiple firings. Nano One assembles
lithium carbonate in a reactor with other
components so that atoms are intimately
mixed to make free flowing powder that
requires only one firing and no milling.
This produces longer lasting crystal
structures that can store more energy. It
is a solution based process that operates
at mild temperature and atmospheric
pressure and avoids costly feedstock,
surfactants, additives, filtration and damage
from grinding, milling, contaminants and
repeated firing.
Industry is entrenched with methods
that make it complex and costly to control
the shape and size of materials at the
nanometre scale. This new approach in
processing technology could change the
way nanomaterials are made and lead the
industrial world in a new generation of
materials, and this is the start of that trend.

Related Article:
n Real world Graphene, see p38

Two and half years into the patenting
process, the company has been granted its
first patent and have 12 pending.
Early acknowledgement from the
US Patent Office validates Nano One’s
unique reaction chemistry and continued
innovation will build the patent portfolio to
cover Nano One’s methods, apparatus and
materials in a wide range of applications,
both within the battery space and beyond.
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GRAPHITE, MADE IN THE USA
A northwest view of Alabama Graphite Corp’s
flagship Coosa Graphite Project land package. The
project encompasses ~42,000 acres of private land
and is located in central Alabama, a past producer of
flake graphite. The company is planning to produce
5,000 tpa of battery-grade spherical graphite by
2017.

Picture: Alabama Graphite Corp. (August 2015)
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real world
Graphene
Graphene’s market opportunities
are starting to arrive
By Simon Rees
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t the 1855 Exposition
Universelle in Paris a wondrous
new metal wowed the crowds:
aluminium. The enthusiasm
surrounding it belied the
decades of research taken to
reach that point, with the big breakthrough
occurring when Henri-Etienne Sainte-Claire
Deville started producing the material on a
commercial scale.
However, aluminium proved
phenomenally expensive; France’s Emperor
Napoleon III is said to have honoured special
dinner guests by providing them with
aluminium cutlery. Everyone else had to
make do with gold or silver.
The price only fell with the development
of the Hall-Heroult process and cheaper
energy later in the century. Aluminium had
been struggling to win market share until
that point. “There is nothing harder than to
make people use a new metal,” Sainte-Claire
Deville once rued.
Some of aluminium’s early difficulties
might be familiar for those working with
graphene. Many thousands of hours have
been spent studying the material over the
past decade, with an avalanche of related
patents testimony to this.
There is also debate about how scale-up
production, make the material affordable
and find the right first-entry markets –
similar conundrums aluminium faced all
those years ago.

On your marks
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Graphene’s recent history only stretches
back to 2004 when Andre Geim and Kostya
Novoselov famously used Scotch tape
to lift graphite from a sample. They then
repeatedly folded and unfolded the tape to
isolate the graphene.
It comprises just one element, carbon,
and has superb strength; it is more than
200 times stronger than steel by weight.
Graphene is transparent, with a hexagonal,
honeycomb-like formation at a layer just one
atom thick.
It is also light-weight, stretchable and
flexible. In addition, it is a semimetal and can
take on magnetic qualities. It impermeable
and is the best thermal and electrical
conductor yet known. Cambridge University

and others have been working on copper
wiring that utilises graphene.
“That’s a possible early-stage market,”
Tata Steel principal scientist Siva Bohn
told Benchmark Mineral Intelligence
(Benchmark). However, there is little room
for impurities. “When you have impurities,
even just 5%, then conductivity goes down
the drain.”
At an industrial level it would require
high-quality graphene produced in quantity.
Unfortunately, scaled-up production is
where graphene faces some of its greatest
hurdles. There are “top-down” and “bottomup” methods to make graphene. Top-down
includes exfoliation, the splitting of graphite
down to microlayers of graphene and the
Scotch tape method is a rudimentary version
of this.
Electrochemical treatments can also be
used. For example, graphite-in-solution
bombarded with ultrasound to create flakes
of graphene that can be further processed in
a centrifuge.
Bottom-up methods include chemical
synthesis or gas-phase growth. For example,
chemical vapour deposition uses a substrate
placed in a furnace through which methane
and hydrogen gases are passed. The carbon
atoms within the methane then fall to the
substrate and form a graphene layer.
There is some debate about how many
layers constitute graphene. Bohn noted
that a bi-layer or tri-layer can be considered
graphene. “And some people call as many as
10 or 20 layers graphene.”
Because of its conductivity, graphene
could be integral to produce superfast
transistors for computers or electronic
devices. It is also chemically inert, which
means it can be readily used alongside other
materials.
That can be important for electronics
doping purposes, whereby another material
is introduced alongside the graphene to
modulate performance. This would allow
manufacturers to “dumb down” graphene’s
conductive properties for other electronics
components to remain optimal while raising
overall performance.
There are a plethora of other attributes
and potential uses, most notably in
the batteries space, where graphene’s
conductive and impermeable qualities
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could be readily utilised. However, the
development and roll-out of this technology
remains some way off.
It takes time for markets to adapt and
realise a new material’s full potential. “New
technologies based on new materials take
from between 20 and 40 years to go from
the lab to the factory floor,” Cambridge
University professor of Nanotechnology
Andrea Ferrari noted in a recent
presentation.
New materials moving beyond pilot
production usually seek out the easiest, most
accessible entry points in a marketplace
first. Often this is as a displacement material
for improving the performance of existing
technology. For example, graphene is
already used in top-quality sporting
equipment, such as Novak Djokovic’s
lightened and strengthened tennis racquets.

what graphene can do

strong

graphene is 200-times stronger
than steel

thin

the thinnest material on earth
- 1m-times thinner than a human
hair

Lick of paint
Perth-headquartered Talga Resources is
advancing its flagship Vittangi graphite
project in northern Sweden. The company
seeks to tap graphene’s potential within
paints and protective coatings and it signed
a collaboration agreement with Tata Steel UK
on November 9 to jointly explore graphene
opportunities in supply, processing and
development.
Paint and coatings are expected to have
the benefit of robust margins and uptake,
Talga Resources MD Mark Thompson told
Benchmark. The company notes the market
currently uses over 40 million tonnes of
material a year, which is forecast to grow to
52 million tonnes by 2017 and have a value
of $186 billion.
Graphene would be infused within the
paint or coating to confer its impermeable
qualities, helping to block water, liquids
or other corrosive elements reaching the
metal beneath. Ensuring graphene’s even
dispersal in the product will be vital for these
strengths to come into play.
However, not much graphene is needed
in terms of its loading within the paint,
Thompson said. “Zinc oxide paint comprises
something like 90% zinc. With graphene it’s
around 1% that can be diffused for it to have
an amazing effect.”
“Let’s say graphene costs $50,000 per
tonne, which some might think expensive,”
40 | DECEMBER 2015 BENCHMARK

conductive

the world’s most conductive
material

he continued. “Well the paint costs roughly
$50,000 per tonne, but only 1% of it will be
graphene. That means a total graphene cost
of just $500 dollars on a production basis
because 1% of $50,000 is just $500.”
There are health and safety advantages
as well. For example, hexavalent chromium
used to make chrome coating has toxic
properties and has already been banned or
is about to be banned in many jurisdictions.
“So here you’d be replacing something
toxic with a non-toxic carbon [i.e. graphene],”
Thompson said. “And that fits the pattern
whereby it’s not always necessary for
something to outperform what it replaces
if it’s the healthier, environmentally-friendly
option.”
Graphene-infused anti-corrosive paints
and coatings could also prove particularly
important for vehicles, increasing protection
against the threat of corrosion and
prolonging vehicle life through this.
In addition, there is the added benefit
of requiring fewer layers of anti-corrosive
paints and coatings. That could deliver
weight savings and improve fuel efficiencies
as a result.
The use of graphene to impart mechanical
strength and stiffness to components will be
another important application for the future
and it will also help to reduce weight and
achieve fuel savings. “But that technology
will take a few years,” Bohn noted.

Electric dreams

two-dimensional
the world’s first 2d material,
opening the doors to new,
experimental fields

stretchable
as well as transparent, flexible
and impermeable

Source: The University of Manchester

While anti-corrosive paint and coatings
are likely to be one of the first entry-level
markets for graphene, the topic is unlikely
to fire the general public’s imagination. That
role is currently being fulfilled by graphene’s
near-term potential in touchscreens and
light-sensitive technology.
“Taking the broad perspective, I think
electronic devices could be the place we
see the breakthrough in technology with
graphene,” Michigan University head of the
Zhong Group Professor Zhaohui Zhong told
Benchmark. The Zhong group focuses on
Nanoelectronics and Nanophotonics.
“[Graphene] has strong light absorption
all the way from ultraviolet to infrared – it’s
a super-absorbent absorption material
as it were,” he said. “In addition, it’s really
unlike any other semiconductor where the
www.benchmarkminerals.com
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absorption is typically limited and there’s an
energy gap, called a band gap.”
Transparent graphene can be layered over
plastic to create touchscreens and provide
the same if not a better experience for
tablet, laptop or smartphone users. “This will
be the low-hanging fruit,” Zhong added.
Current touchscreens can be easily
scratched and often cracked, while
graphene, with its strength and flexibility,
could afford far better protection.
Today’s touchscreen technology also
utilises indium tin oxide. Indium is not a
readily-available material and is expensive
because of this. By contrast, the sources for
making graphene are plentiful, which also
guarantees supply for end users.
Further into the future there is the
possibility of “bendy” phones and tablets
that can be rolled up or folded and the
mainstream media has excitedly depicted
www.benchmarkminerals.com

Credit: Tata Group

Steel doped with
graphene: Tata
is now formally
pursuing this
new advanced
material

this potential aspect of graphene’s story with
mock-up images or graphics.
However, a great deal of design work will
be required to make something like the
bendy phone feasible. For example, what
kind of battery will be used and where will
it be positioned? Does the device use USB
connection points or will they be done away
with?
Predicting the development of a material
is difficult, predicting its future applications
in technology yet to come is harder still.
However, it is certain graphene will perform
as expected in many areas and falter or fail
in others. Undoubtedly it will also make new
technologies possible.
But even as a displacement material for
established technologies, such as anticorrosive paints and coatings, graphene is
already on the cusp of becoming an integral,
even ubiquitous, part of our lives.
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green tech
evolution of
high purity
alumina
High purity alumina has flown under the radar, but it has been the critical raw
material fuelling significant growth in the LED market, identified last month as
one of Goldman Sachs’ low carbon economy industries to watch.
The surge in LED demand has seen the technology take a majority market
share from the traditional light bulb in little over a decade. But it is not the only
role the specialist chemical plays in disruptive technology.
Dr Richard Flook examines key hi-tech markets for high purity alumina and
producers positioning themselves for this evolution in demand.
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Natural sapphire is corundum
(α-alumina) with traces of
metallic elements that can
impart a variety of colours
including that found in
the familiar blue sapphire
(iron & titanium) and ruby (chromium). The
world retail sapphire gem market has been
estimated to be about 40,000 tonnes and
worth about $3 bn. However, this market
is now being overtaken by production of
synthetic sapphire.
Production of synthetic sapphire has
been possible for over a century (Verneuil,
1902 and Czochralski, 1916) but even as
recently as a decade ago, annual world
production was only a few hundred tonnes.
The last decade has seen rapid growth in
both production and new applications
for synthetic sapphire based on a number
of fundamental properties of corundum
including its high electrical insulating and
thermal conductivity properties and its wellknown hardness of 9.0 on the Mohs scale.
The starting material for the production
of synthetic sapphire is high purity alumina
(HPA) which is usually accepted to be
greater than or equal to 99.99% purity (4N
or 100ppm impurities). In 2013, production
of HPA was estimated to be about 19,000
tonnes of which about 70% was produced
in Asia.
Global production is forecast to increase
at a CAGR of 28% and reach 48,000 tonnes
by 2018.

in numbers

>85%

The energy saving from LED over a
traditional light bulb

19%

The average CAGR expected in LEDs
over the next decade

19,000

Global high purity alumina
output in tonnes in 2015

60%

LEDs are the dominate consuming
market for HPA consuming over
half of its output
Sources: Goldman Sachs, Altech, Technavio Research

HPA production
There are three main processes for the
production of HPA These processes are the
thermal decomposition method, the water
soluble/choline process and the alkoxide
hydrolysis process.

The thermal decomposition method
utilises ammonium aluminium sulphate
(NH4Al(SO4)2) or ammonium aluminium
carbonate hydroxide (NH4AlCO3(OH)2) as
starting materials. HPA purity is usually no
more than 99.99% since elements such as
iron, nickel, titanium, zircon and halogen
cannot be easily removed and the product is
usually only suitable for optical sapphires.
The water soluble or choline method is
based on dissolving aluminium in alkali
solution and is used by some of the largest
producers in China. Depending on the
methods and materials, purity can be limited
and application is sometimes restricted to
optical sapphires.
The alkoxide process, developed by
Japanese corporation, Sumitomo, is a
recognised process for producing ultra-high
purity alumina (5N+). In this process high
purity aluminium alkoxide is synthesized
from aluminium metal and alcohol and
hydrated alumina is produced by hydrolysis
of the alkoxide. Finally, high purity alumina
is obtained by calcination. Impurities can
be removed in the distillation stage or with
ceramic membranes.

LEDs
The three major applications of HPA have
been estimated to be in the production of
light emitting diodes (LEDs) which currently
accounts for 60% of HPA production,
semiconductors (20%) and phosphors (15%).
The major HPA growth market is LEDs, 90%
of which currently use a sapphire substrate
and whose production is forecast to grow at a
CAGR of 19% to 2024.
HPA prices have been estimated to range
from $15/kg to $25/kg for 4N HPA, $20/kg to
$30/kg for 4N5 and greater than US$30/kg
for 5N+.

LED SUPPLY CHAIN: FROM MINE TO MARKET

High purity alumina

Sapphire ingot
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High purity alumina: the new producers
The traditional HPA production processes use relatively expensive raw
materials. Two companies are proposing alternative processes based on
cheaper raw materials- kaolin and aluminous clay.

Altech Chemicals Ltd
Formerly Australian Minerals and Mining Group Ltd, Altech is proposing to
react a relatively low impurity (1.4% Fe2O3 +TiO2) kaolin with hydrochloric
acid to produce 4N HPA in a 4,000 tonnes pa capacity plant. Capital cost is
estimated at $77M and $55M of project debt is targeted. Selling price 4N
HPA is estimated to be $23/Kg and operating expenses are estimated to
be about $8/Kg.

www.benchmarkminerals.com

Formerly Exploration Orbite V.S.P.A. Inc is currently working on the
completion of its three tonnes per day 5N high purity alumina (HPA)
production plant which also utilises hydrochloric acid extraction from
aluminous clay. HPA production is forecast for Q4 2015 and expansion to
5 tonnes per day is planned in 2016. HPA samples of 4N8 (99.998%) purity
have been sent to customers.

HPA Sonics LLC.
Little public information is currently available apart from a projected start
up in 2015 for 4N and 5N HPA.

“By 2025, develop advanced SSL
technologies that — compared to
conventional lighting technologies — are
much more energy efficient, longer lasting,
and cost competitive, by targeting a
product system efficiency of 50 percent with
lighting that accurately reproduces sunlight
spectrum.”
Current DOE projections are for LED
lighting to rise from 3% market share in
2013 to 84% market share in 2030. These
projections would give a 40% energy
reduction with another 20% possible if the
DOE goals can be reached. Other countries,
notably China, Japan, South Korea and the EU
have also had programs actively promoting
LED lighting.

LED and Sapphire - cost reduction
& larger wafer size
Production of sapphire starts with a seed
sapphire crystal, a mixture of high purity
alumina and un-crystallized sapphire material
(crackle) which are heated in a crucible.
Manufacturers crystal growth techniques
are generally grouped under five methods;
Kyropoulos method (KY), heat exchanger
method (HEM), Czochralski method (CZ),
edge-defined film-fed growth method (EFG)
and the temperature gradient technique
(TGT). After slow cooling, the single crystal
ingot or boule is examined for defects such as
gas bubbles, cracks and contamination which
can cause defects in the epitaxy process
(orientated gallium nitride crystal growth).
The section of the boules not used is recycled
into the original growth process.
The boule is then “core-drilled” to produce

▲

Although electroluminescence in a crystal
of silicon carbide was first discovered in
1907 it was nearly a century later before a
commercial LED was developed.
The first key event that led to the current
LED was the discovery of visible light
emission from gallium arsenide phosphide
at Bell Laboratories in 1962. The second key
event was the discovery in 1986 by Isamu
Akasaki and Hiroshi Amano of Nagoya
University in Japan of a way of creating
gallium nitride (GaN) crystals on a sapphire
substrate. The final key event was the
discovery of the blue LED using an yttrium
aluminium garnet (YAG) phosphor with a
blue LED die at by Shuji Nakamura at Nichia
in Japan. Asaki, Amano, and Nakamura were
awarded the 2014 Nobel Prize in physics for
their discoveries.
The first commercial LED was produced by
Nichia in 1996 but it took another seven years
to develop a technically competitive although
still expensive product.
Since then luminosity and efficacy of LEDs
has doubled approximately every three
years following a trend known as Haitz’s law
(analogous to Moore’s law for CMOS-based
chips). Meanwhile, prices have plummeted
by 20 percent per year in terms of dollars per
lumen.
Ongoing research is crucial to the advance
of LED technology, which is fast becoming
an avenue to reduce electricity consumption.
According to the U.S. Department of Energy
(DOE), residential LED lighting uses at least
75% less energy than regular incandescent
lighting.
Since 2003, the DOE has funded over 200
R&D projects and has the goal:

Orbite Aluminae Inc. “Orbite Aluminae”
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one or more smaller round cylinders (ingots)
depending on the original boule size and the
size of wafers to be produced.
The ingot is cut into a number of thin
disc shapes by cutting with a diamond saw
perpendicular to the ingot’s long sides. Each
of these discs is then ground to its final
size, surface-ground and mechanically and
chemically polished to produce sapphire
substrates. These substrates, after cleaning,
can be used as starting material for the
epitaxial process used to produce the LED
structure.
Recently one further step has been taken to
produce what are called patterned sapphire
substrates (PSS) which increase light output
and quality.
Current manufacturing challenges are the
ongoing requirement for cost reduction and
the trend to larger wafer sizes (6” and 8”).
It has been estimated that there were
about 130 sapphire substrate producers
in 2012, half of which were in China and a
further 40% were in South Korea and Taiwan.
Major LED producers include Nichia, Cree,
Lumileds, OSRAM, Philips, Epistar, Samsung,
Seoul Semiconductor and Toshiba.

High Purity Alumina Producers	
Japan
China

3,000

Nippon Light Metal Company, Ltd.

1,100

Hebei Pengda Advanced Materials Technology Co., Ltd

3,000

Zibo Xinfumeng Chemicals Co., Ltd.

2,500

Xuancheng Jing Rui

1,200

Huantuo Group

800

Dalian Rall Fine Ceramics Co., Ltd.

600

USA

Sasol

1,800

France

Baikowski

1,200

Other

15 producers

3,600

Total

18,800
Source: Technavio Research 2014 and Altech Chemicals Ltd

Market shares of low carbon technologies in autos,
power generation and lighting
100%

95%

80%

69%

60%

51%

40%

The majority of LED manufacturers use a
sapphire substrate in all or most of their
products. Notable exceptions include Cree
Inc. (silicon carbide), Soraa Inc. (gallium
nitride) and Plessey Semiconductors (silicon).
The main factors determining the
appropriate substrate materials are matched
lattice parameters and thermal expansion
coefficients as well as good crystallinity,
chemical, physical and mechanical properties.
Gallium nitride and silicon carbide
substrates have higher cost than sapphire
although both have a better lattice match
with the gallium nitride crystal.
Silicon has a poorer lattice match with
gallium nitride but is attractive on cost
compared to sapphire substrates. By using
silicon substrates, manufacturers can
capitalise on the existing manufacturing
infrastructure that the semiconductor
industry uses.
This, coupled with the lower price of
raw materials and processing costs, makes
silicon a very tempting replacement for
46| DECEMBER 2015 BENCHMARK

0

31%

28%

22%

20%

20%

LED Sapphire Competitors- silicon
carbide and silicon substrates

Production (tpa)

Sumitomo Chemical Co.

12%
1%

1%
2010

7%

3%
2015

Hybrid and electric vehicles

2020
Solar PV and wind

2025(e)
LEDs

Source: Goldman Sachs Global Investment Research

sapphire wafers. Three problems are
the accommodation of the larger lattice
mismatch with growth of the epitaxial layer
of gallium nitride, the large difference in the
coefficient of thermal expansion of silicon
and gallium nitride and silicon’s absorption of
photons.
However, Toshiba appears to have
overcome some of these problems and
first launched a range of gallium nitride on
silicon products in late 2012. By 2020, some
forecasters predict that approximately 10%
of all LEDs will be using silicon substrates and
about 18% will be using silicon carbide.
Based on these forecasts, the LED sapphire
substrate market share could drop from about
90% to about 70-75% although of a much
larger market.
www.benchmarkminerals.com
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Haitz’s law for LEDs - Costs down, efficiency up
$70

120

$60

100

Lamp efficiency has increased 50% since 2010

$50
80
$40
60
$30
40

Lamp cost has dropped 70% since 2010

$20

Lamp efficiency (IpW)

Apple was the pioneer in introducing
sapphire glass into Apple’s iPhone 5 camera
lens, and iPhone 5S home buttons. However,
the HPA and sapphire market was shattered
by Apple’s decision not to proceed with a
sapphire cover glass in the iPhone 6.
Since then it has been reported that
some Chinese smartphone manufacturers
including Huawei, VIVO and Dakele have
followed Apple’s adoption of sapphire
substrates in smartphones but most
manufacturers are only employing sapphire
glass screens in high end smartphones.
Although sapphire crystal glass is stronger
than Corning Gorilla glass, transparency
can be lower and can lead to some optical
distortion. Also, sapphire glass is 67%
heavier than a same sized glass and up to
ten times more expensive.
If all smartphones were converted to
sapphire glass the market for HPA would
increase by about 15,000 tonnes pa. It is
now thought that phones with sapphire
screens are more likely to be seen in niche
applications. However, this market for
HPA has such a large potential it is worth
watching.
HPA is also used to coat the ceramic
separators in the high growth lithium ion
batteries (LIB) market whose demand in turn
is driven by growth in the Electric Vehicle
(EV) and Plug-in Hybrid Electric Vehicles
(PHEV).
The insulating properties of the ceramic
separator are controlled by the packing
of different sizes of HPA. Sumitomo
Chemicals started manufacturing HPA (AKP
50 & AKP-3000) from a 1,600 tonnes pa
capacity plant for LIB applications in South
Korea in 2013.
Sumitomo have recently been granted
a patent for HPA coated plastic separators
that stop excessive and abnormal heat
generation by melting and shutting down
ion passage in LIB (US2015/0155541 A1 June
2015). Evonik offer a competitive fumed
alumina (Aeroxide Alu) for LIB seperators.
The market for HPA in silicon on sapphire
(SOS) semiconductors which are used in
radio frequency integrated circuits (RFIC) is
considered to have a steady and moderate
growth rate. Other sapphire applications
including military applications are relatively
stable.

Lamp cost ($/klm)

Smartphones and batteries

20

$10

0

0
2016

2016

2016

2016
Source: Goldman Sachs Investment Research
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the
new
great
game
How disruption in commodities, geopolitics, and
macroeconomics converge to create opportunities
By Chris Berry
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great game
Silicon Valley to the rescue? The world’s
major growth industries are originating
from the California tech hub, including
Apple’s new HQ, pictured, to open in 2016
Source: Apple Inc
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n the 19th century, geopolitical
tensions were at the fore as Great
Britain and Russia jockeyed for position
in much of Central Asia with an eye
on protecting British interests in India.
At risk was control of land and sea
routes for trade. Ultimately, other countries
including China, Afghanistan, and some in
Europe would be drawn in and would set
the stage for geopolitical rivalries which still
exist today.
This geopolitical chess match became
known as The Great Game, a phrase coined
by Arthur Conolly, a British intelligence
officer in India at the time. Control of land
and sea meant not only economic security,
but also the ability to project economic and
political power far beyond one’s borders. The
common belief that the sun “never set on the
British Empire” was at risk.
About the same time (late 19th Century)
in Germany, a self-taught engineer named
Ferdinand Porsche built what is widely
believed to be the first electric vehicle.
Mr. Porsche wouldn’t found his famous
automobile company until 1948. He could
have hardly realized it at the time, but this
invention would be the eventual catalyst
for the emergence of a “new” Great Game.
However, today it isn’t countries that are the
main players and it isn’t trade routes that are
at stake. The new players are companies and
what is at stake is market share for mobility
and continued quality enhancement of life.

Globalisation, Urbanisation,
Convergence
As trade routes have proliferated, trends
such as globalisation, urbanisation, and
technological progress have combined to
enhance the living standards of hundreds
of millions of people. This phenomenon,
popularized by Nobel laureate Michael
Spence, is also known as Convergence. The
chart below from the World Bank shows
Convergence in action as urbanisation in
the emerging world over the past 50 years
has easily outpaced the urbanisation in the
West. It is widely believed that a society is
fully urbanised when the percentage of city
dwellers reaches 80%. Obviously countries
like China and India still have some catching
up to do. There is no guarantee that they
will converge any time soon. Threats like
the “middle income trap” may delay this,
50 |DECEMBER 2015 BENCHMARK

but even coming close dictates increased
raw material demands and environmental
stresses. This implies that sustainability
should be ranked as a driving macro force
going forward.
Global population growth truly took off
when the steam engine was introduced,
which demonstrates what can happen to
quality of life when macro forces such as
technology and demographics converge. The
invention of the steam engine set the stage
for an explosion in population and living
standards, though there were other factors
at play as well.
A final way to examine this phenomenon
is to ascertain how quickly various
technologies are being adopted globally
(see chart: Pace of disruption changes
exponentially).
Obviously, the invention of Candy Crush
Saga does not hold the equivalent benefits
to humanity that the invention of the
telephone did (it’s quite possibly detrimental
if you’ve ever played it), but the pace and
ubiquity of technology in a connected
world is undeniable. The overall assessment
is that technology is a force for good. This
speed has given the theme of disruptive
technologies its prominence in recent years.
Before delving into what the future might
look like as the new Great Game unfolds, it
makes sense to briefly look at the current
macroeconomic backdrop. This can help
provide insight into how companies can
move forward to gain market share and
build out supply chains.

Drowning or Waving?
No commentary on economic growth over
the last decades would be complete without
an analysis of China, whose economic
reforms have lifted hundreds of millions out
of poverty and ignited the greatest urban
migration in human history. It is now widely
believed that China’s accession to the World
Trade Organization in 2001 was the spark
which ignited the commodity super cycle,
lasting from roughly 2001 to 2011. During
this time, prices of almost all commodities –
hard and soft – took off with a relatively brief
intermission in 2008.
The repercussions from the Global
Financial Crisis were blunted by central
banks that flooded the world with liquidity
www.benchmarkminerals.com
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pace of disruption increases exponentially

Digital technologies have a huge reach...
For every 100 people in the world there are -

... and are spreading more and more quickly
Time to reach 100m users worldwide
Year of launch

n 95 mobile phone subscriptions

Telephone

75 years

1878

Mobile phone

16 years

1979

World Wide Web

n 40 internet users

n 32 active mobile-broadband subscriptions

n 25 social media users

7 years

1990

iTunes

6 years, 5 months

2003

Facebook

4 years, 6 months

2004

Apple Apps Store

2 years 2 months

2008

WhatsApp

3 years, 4 months

2009

Instagram

2 years, 4 months

2010

1 year, 3 months

2012

Candy Crush Saga

Source: ITU; Statisia; BCG research, Telephone: ITU; mobile phone: ITU (the base year is considered the start of the first cellular network), mobilephonehistory.co.uk; World Wide Web: Scientific
America, Internet Live Stats; iTunes: number of accounts, Fortune; Facebook: active monthly users, Facebook; Apple App Store: number of accounts, OSX Daily, VentureBeat; WhatsApp: active
users, Wired, Digital Quarterly; Instagram: monthly users, TechCrunch; Candy Crush Sage: Facebook users only, AppMtr.com
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chains can benefit from the “good” deflation
of lower raw materials prices. Downward
pricing pressure can effectively “deflate”
the value of end products such as lithium
ion batteries or associated products. While
technological advances are also responsible
for this cost deflation, lower raw materials
prices can tend to filter throughout the value
chain.
With respect to energy generation and
mobility, this thesis seems to be accurate
when one looks at the prices of solar
power and of lithium ion batteries, both
experiencing dramatic decreases in cost
(per watt and per kilowatt hour). Since
2000, lithium-ion battery costs per kWh
have fallen by a CAGR of 14% per year by
some estimates. Technology and lower raw
material prices have themselves converged
to make a new energy paradigm a reality.
Given mean reversion in raw materials
prices and increased access to cheap
technology such as personal electronics, it
would appear that our lives are improving
at a faster pace. But is this trend set to
continue? This is dependent on a number
of factors including global financial stability.
However, other factors are more difficult to
manage. These include demographics and
BENCHMARK december 2015 | 51
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and debt to re-ignite growth. The results are
in the accompanying chart, Global Stock of
Debt Outstanding.
As a result of the market’s belief in
indefinitely higher resource prices,
companies all along the mining supply
chain, poured billions of dollars into capital
expenditures and levered up balance sheets
to take advantage.
Many resource prices peaked in 2011 and,
as China’s economy has begun to slow, this
has placed an effective “lid” on commodity
prices. The capital poured into mining
projects has resulted in write offs and, worse,
excess production capacity which must be
worked through or written off to renew the
commodity cycle. As a result, much of the
global economy now suffers from excess
supply, muted demand, and a large debt
overhang. These all act as an impediment to
growth and, when combined, are profoundly
deflationary in nature. The recent 16-year
low in the Bloomberg Commodity Index is a
painful reminder of the cyclical nature of the
commodities sector and its effects on the
global economy.
If there is a silver lining, it is that there
is a difference between “good” and “bad”
deflation. It would appear that supply

FEATURE

▲

productivity. Demographic changes can take
decades to appear, and can work against a
societies’ growth rate (think about Japan)
just as they can work in favor of it (much
of Africa). As global lifestyle convergence
continues, there is one engine of growth
in particular which should be a priority
for policy makers and business leaders
regardless of where you reside: productivity.

global stock of debt outstanding*
Compound annual
growth rate %

$57 trillion increase

Productivity is a measure of efficiency
where more output per worker is generated
with the same (or fewer) number of inputs.
Essentially, as the level of productivity in a
society rises, this increases wages without
pressuring the overall inflation rate in an
economy. The challenge for economies
today is continuing to increase productivity
against the headwinds of sluggish global
growth and excessive debt levels.
Productivity in the United States (shown
above) trends positive, however the
worrying issue is that productivity growth
appears to have stagnated somewhat
since the Global Financial Crisis in 2008.
Historically, productivity growth has been
underpinned by advances in technology. Reigniting this is crucial to continued increases
in living standards and wage increases. While
labor productivity has grown at roughly
2.5% per year since 1947, this growth rate
has slowed to 0.7% per year since 2010.

Silicon Valley to the Rescue?
So if the need for faster economic growth
is clear, where will it originate? This brings
us back to the idea of a new Great Game.
Again, the players this time are different
in that sovereign country ambitions will
take a back seat to those companies that
can leverage technology most easily. The
ability to create value chains and business
models that are flexible enough to adapt to
a rapidly changing and volatile economic
environment is a key strategic corporate
objective.
While debatable, companies like Tesla,
Apple, Google, and Uber are angling to
redefine how humanity views electric
mobility going forward. What is amazing is
that only one of these companies (Apple)
was in existence before 1998 and Apple
and Google were not openly involved
52 |DECEMBER 2015 BENCHMARK

2007-142

199

Total

7.3

5.3

40

Household

8.5

2.8

56

Corporate

5.7

5.9

58

Government

5.8

9.3

37

45

Financial

9.4

2.9

Q4 2000

Q4 20071

Q4 20142

246%

269%

286%

142
33

Why Productivity Matters

2000-07

87
19
26
22
20

38
33

Total debt as a share of GDP
*$ trillion, constant 2013 exchange ratesSource: McKinsey

in the automotive business – another
testament to the rapid pace of technological
development. Essentially in 17 years, a new
crop of competitors in the electric mobility
space has emerged to compete with
established automotive players such as Ford,
General Motors, Daimler, BMW, Volkswagen,
and Audi – all of whom have been in
existence for decades and are being forced
to reexamine their business models. This
competition is a huge positive for consumers
as competition breeds innovation, efficiency,
and choice.
Anyone who has studied the sector agrees
that electric vehicles in their many forms
(plug ins, hybrids, full EVs) are here to stay.
Where people disagree however is on the
degree of EV penetration. The collapse
in the price of oil has led some industry
analysts to downgrade their forecasts of EV
market penetration. Forecasts for market
penetration of all types of EVs are literally
all over the map and we’d prefer to be more
cautious. We’ve seen bullish cases for electric
cars comprising about 10% of the global
auto fleet by 2020 which would equate
to about 10,000,000 cars. Some industry
analysts think that automobiles with electric
drive trains can comprise about 3% of the
global auto fleet in the coming years in a
bullish case. This would equate to roughly
www.benchmarkminerals.com
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current global installed grid-connected electricity storage capacity (MW)

Lithium-ion 100
Lead-acid 70
Nickel-cadmium 27
Flywheel 25
PSH 140,000

Other 975

Sodium-sulphur 304

Redox-flow 10

CAES 440

Source: IEA analysis and EPRI (Electric Power Research Institute) (2010), ‘Electrical Energy Storage Technology Options’, Report, EPRI, Palo Alto, California

2,500,000 vehicles up from around 750,000
today. These trends seem aggressive, but
the implications for raw material access
and supply chains are profound, with each
electrified drive train requiring more copper,
lithium, graphite, and cobalt than in a
traditional internal combustion engine (ICE)
car today.
The real challenges for the new
automotive players will be integration
of their technologies with existing
infrastructure. As an example, Apple is
working on its own version of an EV. In order
to gain market share in the automotive
business, these new players are faced with
a typical “build or buy” choice. Would it
make more sense for Apple with around
$200 billion in cash to build out its own
automotive supply chains in the same way it
has for its electronic products, or would it be
a more impactful strategy to just purchase
an automotive company such as BMW?
It may sound farfetched and perhaps a
joint venture of sorts is a better starting
point. However, it’s really not so unlikely
if any of these companies new to the
automotive business really want to have an
impact. Apple is clearly a victim of its own
success and needs to find new markets to
enter into to continue to generate adequate
returns for shareholders.

A natural outgrowth of increased electric
vehicle penetration is energy storage –
again centered on the battery. In this sector,
the number of players is much larger as
utilities, traditionally responsible for the
distribution of electricity, will be involved.
As such, the “size of the prize” is much
larger as well. The key will likely be finding
markets where “distributed generation”,
or the ability to generate, store, and use
electricity both on and off the electricity
grid, is feasible. Opportunities are arguably
boundless as huge swaths of the population
in Africa have little or no access to reliable
electricity (600 million people according to
the World Bank). Additionally, developed
markets in the United States and Europe
are all experimenting with unique financing
structures which can help solar power
backed by in-home battery energy storage
become ubiquitous.
The chart below from the International
Energy Agency provides a useful map
of various battery storage technologies
and where they are vis-à-vis market
commercialization.
The dominant companies in the lithium
ion battery market include Panasonic, LG
Chem, Samsung SDI, Sony, and dozens of
startups intent on solving the issue of the
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Lithium Ion as the Winner (for
now) and Storage as the Key
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Graphite and lithium will launch in Q2 2015, soon followed by cobalt and vanadium.
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utility storage: THE FALLING COST OF PRODUCTION
solar PV -$/wh

lithium-ion CELL - $/kwh
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Source: Bloomberg New Energy Finance (Solar); Benchmark Mineral Intelligence (Batteries)
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optimal battery chemistry.
Benchmark Mineral Intelligence
estimates that the EV battery market will
grow five-fold between 2015 and 2020
while the market for stationary storage will
increase 8-fold.
Given the potential growth rates, it is no
surprise that companies like Tesla and LG
Chem are promoting their own line of inhome energy storage batteries. Additionally,
as established battery producers look to
lock up intellectual property that can help
enhance battery energy density, we would
expect to see a wave of M&A wash over the
sector.
Alliances are already taking shape with
Samsung SDI acting as battery supplier to
BMW, VW, and Chrysler; LG Chem supplying
General Motors, Renault, Ford and Hyundai;
and of course Panasonic (the market leader
with a 38% share) supplying Tesla.
Energy storage is believed by many to
be the “holy grail”. It involves a host of
additional players including the utility
sector which must maintain and upgrade
the electricity grid even as these potential
changes continue to unfold.
Finally, as companies across the energy
value chain jockey for market share, a few
www.benchmarkminerals.com

caveats are in order. They include myriad
battery chemistries, sluggish global growth,
low gasoline prices, CAFÉ mileage standards,
removal of subsidies, the threat of higher
interest rates, and impacts on raw material
supply from weather events such as El Nino.
These events vary widely in their potential
for impact but should be factored in to any
analysis.
Despite the many issues we read on
the front pages of newspapers, one thing
is clear: the world seems to be changing
faster than ever before and overall for the
better. To be sure, over-levered economies
and companies must right their respective
balance sheets, as the opportunities for
profit in an era of enhanced electrical
mobility are clear.
In much the same way the United
Kingdom and Russia raced to secure
geopolitical primacy in the late 19th and
early 20th Centuries, many companies
like Apple, Google, General Motors, or
BMW along the evolving energy supply
chains of today are jockeying for position
to capture a piece of a growing market
and fundamentally reshape how we view
mobility and energy use now and in the
future.
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anatomy | SOLAR PHOTOVOLTAICS
● Product: Solar panel
● Type: Polycrystalline

GLASS

Polysilicon wafer

● Silica sand

● High purity quartz

● Soda ash

● Sand

● Limestone

● Si02 feedstocks

● Feldspar
● Borates

ALUMINIUM (light weight)
● Bauxite
● Magnesium
● Manganese
● Lithium
● Zinc
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wiring
● Copper
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Climate change: new argument needed
> COP21 talks in Paris seek to limit global warming
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Between 2015 and 2020, solar PV and onshore wind will add more to global energy supply
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Graphite Supply
Chain 2016
launches
(8 December 2015)
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Benchmark Twitter polls
Twitter.com/BenchmarkMin
Will Tesla’s recall over seat belt failure
impact its ability to meet its Model S &
Model 3 targets?

Can China be the sole supplier of
spherical graphite to the battery
industry?

Of Goldman’s 4 Low Carbon Industries,
what will be the biggest?
Wind Power

Yes

8%

Yes

25%

Solar Power

No

92%

No

75%

Electric Vehicles

*Polls were taken during Q4 2015. They are interest pieces for Benchmark’s Twitter
followers. This is not a scientific poll and there is not enough interaction to make a
judgement based on their results.

LEDs

8%
8%
85%
0%
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Graphite and lithium will launch in Q2 2015, soon followed by cobalt and vanadium.
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