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•  Cruz has recently acquired 8 separate  
  cobalt prospects across North America

•  The Johnson Cobalt Prospect
  encountered grab assays over 300m up  
  to 10.5% cobalt, 69 g/t AG, 12% NI  
  and .4% CU (historic data)

•  The War Eagle Cobalt Prospect in 
    British Columbia encountered samples  
  of 6.41% cobalt, 3.59% nickel and 
  7.25% copper (historic data).

•  Cobalt prices have increased 
  significantly over the past 6 months

•  Cobalt is one of the main elements in 
  Lithium-Ion batteries

••  Cruz is planning to FORWARD split the 
  shares 3-1, therefore shareholders of 
  record will receive 3 new shares for 
  every 1 current owned on the 
  record date.
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Highest percentage of +32/+50/+80 flake in industry
Bankable feasibility study and major environmental permit
In Canada, close to infrastructure
Reasonable capital cost
Realistic production volume + expansion potential
High margin, good economics at current prices
PProprietary purification technology
Only 52 million shares outstanding

Capital costs are too high
Production rates too high for size of market
Marketing risks with high percentages of -150 production
Uneconomic at current prices
Location/infrastructure/political issues
No purification technology
NNORTHERN has NONE of these challenges

The Problem with Graphite Deposits

NORTHERN GRAPHITE CORPORATION (NGC:TSXV)

The Problem with Graphite Deposits
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The fourth industrial revolution has arrived 
just as the planet urgently needs to 
decarbonise in the face of climate change. A 
city’s ability to cope and thrive in the years 
ahead will depend on meeting the challenges 
this presents – to embed renewables, to 
rethink transport and to grow sustainably
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The mining industry’s explorers and developers have never quite gained 
the full respect of those that are in production. 

Those looking to bring on new supply of niche minerals such as 
graphite, lithium, cobalt, and rare earths are generally met with a 
three-phased approach: at first with raised eye brows at their lack of 
knowledge and specific experience, then with contempt as the heavy 
promotion of the asset kicks in and, finally, if the explorer progresses to a 
reasonable stage, fear.

Big commodities such as iron ore, copper and gold have been part of 
the mining industry’s exploration and development cycle for decades, 
but it has been a new concept to the niche 
or speciality minerals space in recent years.

For example, lithium was the first of the 
battery raw materials to see an exploration 
surge which began in 2009 and took-off in 
2010. In little under one year the number 
of lithium explorers globally went from 9 – 
which included the likes of Rincon Lithium 
(Sentient Group), Galaxy Resources, and 
Western Lithium – to over 100.

The same lithium ‘gold rush’ has now 
returned but Australia alone accounts for the 
vast majority of companies, an estimated 
75% of the industry’s exploration sector.

The difference this time is that the sky-
high lithium prices, which are three times 
higher than the last carbonate price spike, 
have allowed the focus to switch from brines 
to hard rock spodumene, of which Australia 
has an abundance.

For graphite, the story was similar. I remember the days when 
Northern Graphite’s Bissett Creek and Ontario Graphite’s Kearney project 
were the only two mainstream exploration projects the industry had.

Then when the price spike of 2010-2011 kicked in and flake graphite 
prices doubled in 8 months, the exploration sector surged from single 
digits to triple digits in 18 months.

Rare earths were a similar but an even more extreme story.
When prices of these niche elements rocketed by hundreds to 

thousands of a percent bigger in a 6-month period, it reached the 
headlines of the mainstream press, including the front page of The New 
York Times. This was mainly due to the political reasons behind why 
the prices shot up – China initiated a rare earths blockade on Japan in 
retaliation to the capture of a fishing boat.

What all these examples have in common is the role of Australian 
explorers.

While Australia tends to be second out of the block compared to its 
Canadian counterparts, they usually get more traction and develop 
assets further down the line.

It’s a curious case as to why.
One can look at the cultural appetite for risk in what are niche 

industries – Australian investors seem more willing to fund left field 

mineral assets even in a post-rare earths boom world.
You can analyse where the bulk of Australian funding comes from 

(Sydney, Melbourne, Hong Kong, and Singapore) compared with Canada 
(Vancouver Toronto, New York and to a lesser extent London).

And I also think location plays a key: Australian explorers are far more 
willing go wide and far to search for the next Pilbara or Saudi Arabia of 
their respective mineral. This especially includes Africa where pre-2011 
noone had looked for the likes of graphite and now Syrah Resources has 
raised A$461m to build the world’s biggest mine.

There is a general dislike of junior mining companies in the active 
producing industry. And it is as much surprising 
as it is understandable.

The dislike comes from a natural reaction to 
an outside threat. However, if the incumbent 
producers embraced the highest quality 
projects from the outset and worked with these 
companies in some way, then they would not 
only protect their business from new suppliers 
in the short term but also secure supply in the 
long term from the next generation of mines.

But this is never the case with the incumbents 
as they are so focused on discrediting new 
entrants, that they usually come in much later 
down the line and pay a much higher price.  

In reality, without the junior mining sector, at 
worst we would have no new mines and at best 
we would have lower grade, inefficient mines 
being developed by the established order which 
do not specialise in early exploration.

When market prices begin to subside from the spike that has 
attracted a host of new explorers, those committed to the cause become 
apparent.

As we have always said at Benchmark Mineral Intelligence, those still 
around years after the price spike are the ones to watch.

The long term health of the mining industry relies on explorers 
uncovering the next generation of mines, offering up vast quantities of 
free drilling data to the incumbent producers and, most importantly, 
being entirely open to public scrutiny.

Explorers also force existing producers to reevaluate  their existing 
operations, their supply chains and the way they think – they have a 
fundamentally disruptive role on industries that have not changed in 
decades.

It is not to say the exploration sector does not have its issues – there 
are many.

But to tarnish all mineral explorers with the same over-promotion or 
lack of experience brushes is not only harsh but you do so at your peril.

And Australia has to take a lot of credit for that.

Simon Moores
Managing Director
Benchmark Mineral Intelligence

COMMENT
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As I write this column, I am sitting in a coffee shop in the port city of 
Qingdao – one of China’s smaller cities of only six million people. In the 
time it has taken me to write four paragraphs and order a coffee, 12 
electric scooters and 4 electric buses have passed by on one of the city’s 
main highways. 

For me and my colleague, we are transfixed on these new vehicles 
that are yet to make it onto our roads at home in any real way. For 
Qingdao’s locals, they are as common as the street vendors selling fish or 
the numerous five-star hotels that scatter the business district. 

China is firmly a land of juxtaposition. The country’s future goes hand 
in hand with its past. 

This was especially evident when I visited some graphite processing 
plants near Pingdu, a two-hour drive outside of Qingdao. It is one of 
the richest areas of mineral processing in the country and produces 
spherical graphite for lithium ion batteries – an industry that didn’t exist 
on my first visit to the region in 2009.  

Graphite processing is a pretty rudimentary, niche business involving 
a lot of mechanical fine grinding and acid 
purification. When you visit these remote 
places, at first you realise it is a perfect setting 
for a Discovery Channel documentary: The 
Graphite Heroes of Shandong. 

Employees that run these plants live simple 
lives, many of them former farmers turned 
factory workers unaware of the role they are 
playing in the global low carbon economy. 

Nearly every employee arrives to work on 
a gasoline powered scooter that is at least 
20 years old, but the majority of these workers would spend their lunch 
break on a smartphone. In fact, villages surrounding the mines are some 
of the poorest in the province, yet everyone has a smartphone. 

It is just a small example of how willing the Chinese population are 
to adopt new technology regardless of age and from this perspective 
it’s a culture that is very flexible to change. And it is change that is badly 
needed. 

Smog is China’s biggest challenge; while it’s been a challenge to get 
the country to commit on a global climate change initiative, Beijing is 
very proactive on tackling its own smog problem which has reached a 
critical juncture. 

Anyone that flies into the capital can see the smog with their own 
eyes. A haze is cast over the entire area that to the untrained eye may be 
seen as fog or mist. 

But in late summer when China’s humidity rises and temperatures 
are in the mid-30s, smog is very evident. In fact, smog is not only a 
danger to health but new evidence has been found that it contributes to 
pushing its cities temperatures up by 1C. 

Yet it is not just limited to Beijing – nearly every major city has some 
form of a smog problem, the price to pay for two decades of rapid 
development in steel, energy, transport and construction. 

But with these well documented problems come huge opportunities 
to build new industries to tackle the problem and China is seizing its 
moment. 

When you fly into Beijing the first thing you may see is the smog, but 
what you may not notice are the immediate solutions the country is 

already offering. 
While I was waiting at the baggage claim, I opened my Uber app and 

ordered a “Uber EV” – the electric vehicle option from the taxi app that is 
only offered in China. Its an App that has just merged with Didi, China’s 
own ride sharing version of the service and a business Apple invested 
$1bn into in June. 

A pure electric vehicle made by Chinese auto-producer, BYD, arrived 
to take me into the city. 

My business trip then took me from Beijing to Tianjin on a high speed 
train, maxing out at 304km/hr. Anyone who has been to Beijing South 
Railway Station will understand the size and scope of what the country 
has achieved with its high speed rail network. 

Tens of thousands of passengers at the moment were all bustling to 
buy tickets and vying for a space in the queue for the high speed train 
on one of the 40-plus platforms. It is simply a scale alien to anyone 
outside of China.    

The journey then took us to Tianjin South high speed railway station – 
a train station in the middle of a farmer’s field built 
to serve and encourage business to the nearby 
port and industrial parks. 

I was visiting one of the country’s largest lithium 
ion battery manufacturers after being offered a 
private tour of the facility which gave Benchmark 
a first-hand glimpse into the true rate of change in 
China’s battery sector. 

This one producer alone was expanding from 
3GWh of cell production to 10GWh in the space 
two and a half years, driven by global EV demand. 

Their batteries are used by some of the world’s largest and most 
influential technology players and there is no doubt the huge expansion 
in such a short space of time is readying the company for a step change 
bigger than the one that has seen it grow from hundreds to 9,000 
employees in under ten years. 

The visit finished with a tour of the lithium ion battery plant, a clinical, 
laboratory-like operation that is a far cry from the spherical graphite 
plants that make the input raw materials. 

Yet it is these battery plants that are at the centre of not only China’s 
assault on its pollution problem, but also its economic one. Over 70% of 
new lithium ion battery supply is set to come from China between now 
and 2020 and Japanese and Korean manufacturers are rushing into the 
country to set up JV operations. 

At least 7 of the 12 lithium ion megafactories Benchmark is tracking 
are in China, but that does not include the multiple smaller plants that 
are being set up and creating huge numbers of jobs. 

In the space of 48 hours we had witness China’s problem and its 
solution. 

Perhaps the most surprising thing of all is that for the locals, none 
of this is special: EVs, electric buses, high speed rail, clinical lithium ion 
battery plants, smartphones and car sharing apps are all a part of what 
makes China today. 

So to see what our future will look like, you really need to visit China. 
Simon Moores
Managing Director
Benchmark Mineral Intelligence

COMMENT
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albemarle, Tianqi, FMC and sQM reveal significant lithium hydroxide 
expansion plans, but where will the raw material come from?

by simon Moores, andrew Miller 

The push for new conversion 
capacities reached fever pitch 
in Q3 2016, with lithium majors 
announcing a raft of expansion plans 
targeted at securing market share 
in what is expected to be a period 
of unprecedented growth for the 
industry. 

With new potential producers 
nipping at the heels of the existing 
lithium establishment, it was 
Albemarle that arguably made the 
biggest signal of intent, announcing 
a deal to buy Jiangxi Jiangli New 
Materials Science (also known as 
GRM).

The acquisition of GRM - a toll 
converter of material from the 
Greenbushes operation in which 
Albemarle is a 49% joint-owner - is 
part of the company’s target of 
capturing 50% of growth in the 
sector by 2020. 

The deal will give the company 
an additional 15,000 tpa (LCE) 
conversion capacity, with further 
expansions expected to begin upon 
completion of the deal in Q1 2017. 

This news was quickly followed by 
the news that Sichuan Tianqi Lithium 
– Albemarle’s joint partners in the 
Greenbushes operation – would be 
investing $306m in a new lithium 
hydroxide processing facility in 
Western Australia. 

The company has now broken 
ground at this site which is slated to 
begin production in late 2018 and 
aims to bring a further 24,000 tpa 
lithium hydroxide capacity, also using 
feedstock from the Greenbushes 
mine. 

Another significant move by the 
leading Chinese chemical convertor 

was to make a bid for the Julio 
Ponce stake in Chile’s SQM. Tianqi 
Lithium completed a busy quarter of 
announcements in late-September, 
investing $209.6m for a 2% piece in 
lithium brine producer SQM in late 
September. 

It was quite a significant move 
considering the company has been 
traditionally focused on hard rock 
lithium conversion rather than 
brine. Yet it is another sign of China 
increasing its grip on the global 
lithium sector. 

SQM and was not to be outdone 
by its peers, announcing a new 
7,000 tpa plant which it expects 
to be in production by the end of 
2017, adding to its existing 6,500 tpa 
capacity plant near Antofagasta, Chile. 

Finally, FMC Lithium, in late June, 
advised of its plans to expand its 
lithium hydroxide capacity by a 
further 20,000 tpa “over the next 
several years”. The announcement 
was light on detail and left more 
questions than answers, particularly 
over where it will source its raw 
material from. 

At present, it is likely FMC will 
have to purchase lithium carbonate 
to convert into its new hydroxide 
capacity – the most expensive route 
for new supply. 

You could be forgiven in thinking 
the established majors are sounding 
more like the junior mining industry. 
Many industry participants believe 
the majors, much like the exploration 
sector, are now vying for the Tesla 
Gigafactory business that will 
require at least 25,000 tpa of lithium 
hydroxide a year at 35GWh capacity 
by 2020. 

The announcements are also the 
latest in a long-line of efforts to exert 
producer influence over an industry 
which has boomed since the start of 
the year. 

But while chemical conversion 
capacity will be integral in supplying 
the industry’s growth markets in the 
longer-term, few have addressed the 
more immediate need for more raw 
material feedstock. 

It is the underlying lack of raw 
material has been central to the spike 
in the market in 2016.

According to Benchmark Data, 
the average global price of lithium 
hydroxide is up 63% since the start 
of the year alone, with prices in some 
parts of the market growing up to 
five times.

With few signs of these pressures 
easing in the medium-term, lithium 
hydroxide – the NMC cathode raw 
material – has become the target 
for lithium producers seeking to 
appease investors hungry for larger 
returns. 

New plans to address this 
shortfall will serve the companies 
well from a share price perspective, 
but significant questions remain 
over their ability to enact these 
expansions, the timelines for the 
expansions and most critically, where 
the new raw material feedstock will 
be sourced from. 

The Albemarle and Tianqi 
expansions would appear to be 
targeted at rerouting material from 
the Talison mine directly to their own 
processing facilities, increasing their 
own market shares rather than the 
total output of the industry. 

Moving the pieces around the 

Construction of the mt marion 
beneficiation plant in August 
2016

Lithium majors step up 
hydroxide plans

board will not address a fundamental 
lack of raw material in the short-term.

Neometals start up 
Australia is the most reliable 
and quickest route for lithium’s 
convertors to increase supply of raw 
material. 

The country presently produces 
41% of all lithium feedstock - 
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measured in lithium carbonate 
equivalent (LCE) - and in recent years 
has usurped Chile as the world’s 
leading source which now accounts 
for 38% from brine sources. 

Mt Marion is set to produce 50,000 
tonnes LCE from spodumene at 
capacity but will initially focus on 
beginning production at cothe plant 
in Q4 and ramping up operations in 
the first half of next year. 

On a private tour of the Mt 
Marion site, Benchmark learned that 
shipments will begin in Q4. 

“That’s less than one year from 

start of construction to bringing 
concentrate from the largest ore 
processing capacity to market,” 
explained Michael Tamlin, Chief 
Operating Officer at Neometals to 
Benchmark. 

Neometals together with  
Mineral Resources Ltd (MRL) owns 
51% of the offtake rights and  
China-based lithium specialist, 
Ganfeng Lithium has life of mine 
offtake contract with the company 
for the first three years of  
production. 

Ganfeng has had a rapid rise over 

the last decade to become one of 
the most influential companies in 
the Chinese lithium industry. The 
company makes a wide range of 
products based on lithium and 
uses both spodumene and brine as 
feedstock sources. 

The collaboration between 
China and Australia is becoming 
increasingly influential in the lithium 
industry. 

Previously only relying on 
spodumene output from Talison 
Lithium’s Greenbushes operation, 
albeit significant output that 

accounts for 41% of total LCE, 
China’s chemical converters, namely 
Ganfeng Lithium and Sichuan 
Tianqi, have spent the last five 
years strategically positioning their 
businesses in Australia based lithium 
explorers and miners. 

For Ganfeng, its supply deal with 
Neometals and MRL have secured 
it an exclusive say into where the 
next new lithium mines will sell their 
feedstock. 

And it is feedstock that the 
industry cannot get enough of at the 
moment. 
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Benchmark explores how investments in 
China’s graphite supply chain have cemented 
the country’s role as an anode supplier, but 
asks whether structural issues will open the 
door for potential newcomers
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Five years of falling demand, 
industrial upheaval, environmental 
restrictions and dwindling prices 
have done little to suppress the 
appetite for graphite production 
among Chinese miners; although 
the focus of the industry has now 
undoubtedly changed.

With Chinese industrial production 
succumbing to the wider global 
economic downturn in recent years, 
so too did the country’s refractory, 
foundry and lubricant industries, 
forcing the least efficient and highest 
cost graphite suppliers to step back 
from the market.

But for those who remain, a bigger, 
more lucrative prize now awaits.

The potential of the lithium ion 
battery market – which relies more 
heavily on graphite (in volume 
terms) than its name sake – promises 
to open a vast new market for 
producers large and small.

While China has always controlled 
the upstream portion of the supply 
chain for spherical graphite – the 
predominant raw material for lithium 
ion battery anodes – its control 
over the value-added processing 
technology was limited.

Although the processing itself was 
often done in China, it was the major 
Japanese trading houses, with their 
ties to battery cell producers, which 
held the IP around the spheritisation, 
coating process and ultimately the 
anode production.

Indeed, in many instances just a 

few years ago Chinese processors 
would even rely on Japanese 
engineers to make any adjustments 
to equipment in their own plants.

Today, however, China has 
taken control of this process too – 
completing one of the missing links 
in its spherical graphite supply chain.

Supply chain supremacy
As has been seen in other battery 
raw material industries over recent 
years, China has made no secret of its 
desire to lock in supply chains.

From lithium resources in 
Australia, to cobalt mines in the DRC, 
to the recent acquisition of shares in 
the leading lithium brine producer– 
China’s global reach to secure lithium 
ion battery raw materials has known 
no bounds.

But in terms of graphite, 
developments have been closer to 
home.

In a recent visit to Shandong 
province, China, Benchmark saw 
first-hand the investment the 
country’s miners have ploughed into 
processing equipment to increase 
their hold over value added markets.

The promise of higher margins 
have seen the country’s flake 
graphite miners become processors; 
processors become value-adders, 
and value-adders become anode 
producers – as all areas of the 
industry aim to further their reach 
downstream.

And these efforts have not been a 

one way street.
Acknowledgement of the 

supply chain issues surrounding 
spherical graphite production 
saw the country’s leading anode 
manufacturer, BTR New Energy, 
acquire its own mines in 2014 to lock 
in raw material supply.

But even this is now proving 
insufficient to meet the growing 
needs of its lithium ion battery 
customers.

Expansions in battery cell 
production have been announced 
across the world – led by Tesla’s 
Gigafactory project in Nevada.

But it is developments in China 
which will far outstrip expansions 
elsewhere and make the country 
the leading supplier of lithium ion 
batteries approaching 2020.

These developments are what is 
driving the Chinese push to develop 
downstream processing and refining 
capacities. No longer can the country 
be the low-cost exporter of raw 
material to the world. Today it is 
faced with the more challenging 
prospect of meeting value-added 
material needs to its own industry.

A mountain to climb
In 2015, the total size of the lithium 

ion battery anode market was 80,000 
tonnes, 55% of which came from 
natural spherical graphite.

Megafactory expansions slated 
to come into production from 
2017 onwards will see battery cell 
production an order of magnitude 
bigger than anything in the market 
today, with capacities expected to 
treble by as early as 2020.

With these expansions will come 
a wave of new demand for anode 
raw material – with the market set 
to expand to anywhere between 
250,000 tonnes and 400,000 tonnes 
by 2020.

China will be central to sustaining 
this growth.

However, with between 2-2.5 
tonnes of flake graphite raw material 
required to make 1 tonne of spherical 
graphite, it’s unclear as to whether 
even China can meet this growth in 
such a short time frame.

While a first wave of processing 
improvements have seen graphite 
miners across the country install 
spheritisation mills, only a handful 
of companies specialise in anode 
production.

These companies will have to 
expand at an unprecedented rate to 
fend off the challenge of synthetic 

the missing link 
in China’s graphite 
empire
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graphite the only commercial 
alternative.

The ability of these suppliers 
to meet the growing needs of the 
battery market will dictate how this 
split in the market develops.

Battery producers largely 
favour spherical graphite from a 
cost, environmental footprint and 
(in many cases) a performance 
perspective, but obstacles remain 
despite the country’s investment in 
processing infrastructure over the 
past 12-18 months.

The consistency question
Although China is the leading 
producer and processor of flake 
graphite, the leading spherical 
graphite producer and the largest 
anode supplier, the reliability of its 
battery-grade output remains in 
question.

The structure of the country’s flake 
graphite market poses significant 
challenges in tracing the source 
of raw material which can be 
troublesome when trying to produce 
a consistent finished product suitable 
for use in hi tech devices.

As the recent Samsung 
smartphone recall exemplifies, 
low-quality raw materials can create 

- a spherical production facility in 
the US.

Central to the economics of all of 
these projects is one objective: to 
take some of China’s market share – 
particularly in overseas markets.

With both industrial and hi tech 
markets expected to grow within 
China over the coming years, the rest 
of the world is faced with the very 
real possibility of China becoming 
more insular.

Now it has the infrastructure in 
place, China will be aiming to control 
more of the value-adding process 
domestically, potentially creating 
opportunities for raw material 
producers elsewhere.

 
to find out more about the graphite 
industry, register for graphite 
supply chain 2016 today.
graphite supply chain 2016 is three 
days of high-quality information 
and networking dedicated to the 
natural graphite industry.
taking place between 13-15 
november in the stunning island 
hotel, newport Beach in california, 
the inaugural event is hosted 
by two of the industry’s most 
respected mineral information 
specialists. 

major (and expensive) consequences.  
Historically, Chinese flake graphite 

has been sourced from dozens 
of relatively small mines across 
the country and, in particular, 
in Heilongjiang and Shandong 
provinces.

This raw material is then fed into 
localised processing plants, owned 
by companies that may be sourcing 
from several areas.

Until recently, this concentrate 
would then have been fed into 
a handful of spheritisation mills 
before being shipped to Japanese 
companies to complete the coating 
process.

Investment in spheritisation 
equipment has helped China 
integrate some of this chain, but 
there is still a long way to go if 
Chinese producers are going 
to provide the consistency of 
material, on the scale required to 
entirely displace synthetic graphite 
alternatives.

In addition, the introduction of 
more spheritisation infrastructure 
runs the risk of actuallty making the 
supply chain within China even more 
convoluted. 

In this sense, although China has 
the tools to dominate the supply 

chain, it still has to overcome issues 
with how it manages them in order 
to sustain battery demand both at 
home and overseas. 

Opening the door to 
newcomers   
As China attempts to overcome 
the issues surrounding its complex 
supply chain, new market entrants 
will also be looking to secure a share 
of this growing anode market.

While very few companies have 
made investments into synthetic 
graphite processing facilities, the 
junior flake graphite market is 
beginning a resurgence.

As well as Syrah Resources, 
which has begun construction of its 
330,000 tpa flake graphite facility 
in Mozambique, a number of other 
companies are targeting production 
which could make East Africa the 
new source of flake graphite raw 
material to the world.

Black Rock Mining, which owns a 
flake graphite property in Tanzania 
was just the latest in a series of 
companies to announce positive 
battery grade graphite testwork 
in September 2016, while Syrah 
Resources have already turned 
attentions to phase 2 of their project 
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Cobalt

Political rumblings in the DRC may have a major impact on the price of cobalt

  C
redit: Frontera N
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It has been well documented that 
Joseph Kabila, President of the 
Democratic Republic of the Congo, 
is trying to make changes to the 
constitution to allow him to run for a 
third term.

When The Bureau d’Études, 
de Recherches, et Consulting 
International (BERCI) and the Congo 
Research Group (CRG) at New York 
University ran an opinion poll, it 
found that an alarming 81.4% would 
not accept the change.

True, that the BERCI and CRG 
researchers interviewed 7,545 people 
in face to face interviews, and with 
an estimated DRC population of 
81m, this has to be considered a very 
small sample size. But if the poll is 
representative of the general feeling 
if the nation then it may well spell 
trouble in the cobalt market.

Kabila is due to end his term on 
the 19 December, and yet he still tries 
to cling on to power after this official 
date. The government are claiming 
they require more time to complete 
the voting registration but it seems 
the people of the DRC are wary of 
these all too familiar stories to stave 
off the vote.

The Financial Times states: “This 
month, the government cobbled 
together a power-sharing agreement 
with a sliver of the opposition. The 
article goes on to say that worryingly 
this agreement does not include the 
main opposition”.

Chinese cobalt demand in the run 
up to the 2008 financial crisis and 
political instability in the past has 
caused the most significant price 
spikes seen in cobalt, most notably 
when prices were over 50USD/lb in 
2008 – a 245% price increase in 18 

months for cobalt metal.
Benchmark Mineral Intelligence 

does not believe we will see these 
levels again, among the most 
extreme in the speciality minerals 
space, but the 19th of December is 
certainly a date to mark in your dairy.

This instability and uncertainty 
combined with the increased 
demand coming from the energy 
storage revolution: Benchmark 
data shows 2015 total global supply 

at 100,000 tpa, of this the battery 
market consumed 48,000 tpa.

With a lithium ion battery 
production surge well under way 
– and Benchmark recently revising 
its megafactories tracker to now 14 
that are under construction ranging 
from 3-35 GWh capacity – lithium ion 
battery demand for cobalt is set to 
exceed 100,000 tpa by 2020.

With DRC so dominant in global 
cobalt supply, accounting for nearly 

60%, and no new supply expected 
outside of the African country 
anytime soon, this could this spell the 
start of the true squeeze of the cobalt 
market that many have expected.

While 2016 has already seen some 
price rises in cobalt metal primarily 
due to falling supply and strong 
cobalt chemical demand, the supply 
and demand dynamics over the next 
18 months point towards significant 
price increases.

Do DrC poltics spell further price 
rises for cobalt? Why 19 December 
is a date to mark...

Could Joseph Kabila’s bid to serve a third term as DrC president impact cobalt prices?
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Imerys launches plans for graphite 
growth with Namibia joint venture

By Andrew Miller
Imerys Graphite & Carbon, a 
subsidiary of Imerys SA – the world’s 
leading diverisifed producer of niche 
minerals and metals – has entered 
into a joint venture with Gecko 
Namibia to develop the Okanjande 
project in northern Namibia. 

The project will form a core part of 
Imerys Graphite & Carbon’s growth 
strategy, targeting production which 
can be sold into the growing lithium 
ion battery sector, the company 
explained to Benchmark Mineral 
Intelligence. 

Production, which is due to begin 
in 2017, will take place on the site 
of Solvay Fluorspar’s previously 
operating plant in Okorusu. 

The move signifies the first 
investment from an existing 
producer outside of China in new 
flake graphite capacity. 

With traditional markets faltering 
over recent years, and China proving 
more competitive in the production 
of spherical graphite, few others have 
committed to challenging Chinese 
producers for market share in the 
rapidly growing spherical market. 

As a leader in the production, 
processing and trading of flake 
graphite the JV can be seen as a 
clear move to challenge China’s 
dominance and provide a near-term 
alternative to consumers outside 
of China seeking to diversify their 
supply chains. 

The move will also serve as a 
statement to junior miners seeking to 
capture a share of a market which is 
expected to grow considerably over 
the next five years.  

Hugues Jacquemin, Vice President 

& General Manager of Imerys 
Graphite & Carbon, said: “This 
industry is growing. We are already 
a well-established player and we are 
developing fast, organically and by 
acquisition. This Joint Venture will 
help us better serve customers with 
the objective to grow our market 
share.”

Out with the old…
The partnership with Gecko  
Namibia, a junior development 
company in Africa, may be seen as 
a left-field choice by some in the 
market, with many expecting the 
company to invest in something 

closer to their existing asset in North 
America. 

However, with the company’s 
existing asset, Lac des Iles in Canada, 
reaching the end of its mine life and 
battery demand expected to grow 
quickly approaching 2020, time was 
of the essence. 

More importantly, Gecko’s project 
in Namibia was chosen because 
the graphite has very similar 
characteristics to that of Lac des Iles, 
the company told Benchmark. 

The JV is targeting an annual 
output in the region of 20,000 tpa, 
similar to the previous capacity of 
Lac des Iles, and Imerys has already 

begun work on site, having already 
implemented Imerys’ safety system. 

A quick build up towards 
production in 2017 will allow Imerys 
to shift away from operations in 
Canada and focus on a project with 
better economics. 

These economics will be centered 
upon significant growth in adoption 
of EVs and other energy storage 
applications which require a graphite 
anode.   

At this point, it is unclear whether 
Imerys will look to begin spherical 
graphite production themselves 
or sell into established spherical 
graphite companies. 

new venture will target growing lithium ion sector at a time when few producers are
challenging Chinese supremacy for a market share in the burgeoning spherical sector

Imerys breaks ground on its new graphite landscape
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benchmark mineral Intelligence gains exclusive access to berkshire Hathaway energy’s 
thoughts on the future of energy sources, the role of energy storage and how it is too 
expensive today for individual homes to get off the grid

By Simon Moores 
It is a question that is one of the 
most commonly asked in the battery 
industry: is it possible for individual 
homes to get off the grid?

The concept of being able to 
install a battery to power your home 
has had added impetus in recent 
months through Tesla’s controversial 
purchase of SolarCity and the move 
to connect solar power as a low cost 
energy source. 

In Hong Kong, Benchmark Mineral 
Intelligence gained exclusive access 

to Berkshire Hathaway Energy’s (BHE) 
thoughts on this. 

“I did some math on [the cost 
of stored power] from a Tesla 
Powerwall,” explained Jonathan 
Weisgall, Vice President of 
Government Relations at BHE in a 
keynote address at the annual CLSA 
Investor Forum. 

“It boils down to about 30-35c/
kWh. We are selling our electricity at 
10-11c/kWh cents to our customers.”

What was most intriguing was 
BHE’s analysis of the amount of 

power an average home in Des 
Moines, Iowa, US, would need to 
store to safely be off the grid without 
fear of shortages. 

The firm estimates that 53 days of 
stored power would be needed to 
achieve this goal, the equivalent of 
1,650kWh because of the variability 
of solar power and the variability of 
energy demand in the home. 

This would equate to 258 6.4kWh 
Tesla Powerwalls together with an 
8kWh solar rooftop system each at 
an installed cost of just over $6,000 

berkshire Hathaway energy: It is not yet 
possible to get off the grid with batteries 

per unit – a total of $1.57m for a 
personal user to get off the grid, in 
BHE’s analysis. 

“We did the same analysis for 
Nevada and Oregon. In Nevada, 
where the sun shines a lot more, you 
would need 1,300kWh of energy 
storage while in Portland, and if 
you’ve been to Portland you will 
realise the sun doesn’t shine much, 
customers would need a 3,000kWh 
system,” BHE explained. 

“Even if you drop this price by 90% 
it is still prohibitively expensive.” 

GoING off tHe GrId wItH bAtterIes 

The battery system must store 55 days of average use by October, annually, in order to provide the necessary energy throughout the balance of the 
year due to the variability of private solar

private solar generation vs battery system requirements in Iowa
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Giving the people want they 
want 
However, BHE which has significant 
investments in solar was bullish on 
the future prospects of both cheaper 
private solar and energy storage. 

“We are not pro or anti solar, 
but [despite these numbers] our 
customers are demanding solar 
energy and the US is giving it to 
them,” Weisgall said. 

It is an intriguing development 
that in today’s world, it appears for a 
portion of the market environmental 
decisions are trumping economic 
rationale. For example, BHE explained 
that rooftop or “private” solar is 
three times more expensive than 
“universal” or utility scale solar power. 

At the moment BHE, can sell solar 
power to the private market, that 
has not been stored in a battery, 
for 14cents/kWh while the cost of 
universal solar is 5 cents/kWh. 

“What we are seeing in 2016 is 
the overwhelming flow – I mean 
more than 90% new generation 
coming online nationwide - is either 
natural gas, solar or wind. Even non 
utilities are moving in this direction 
– 215 of the Fortune 500 companies 
are investing in greenhouse gas 
reductions and new energy initiatives.  

There is little doubt in BHE’s 
opinion the change is upon the 
energy industry. And as it so happens 
this is unforced change, not due to 
high prices or necessarily due to 
power shortages. 

“The industry is becoming more 
customer centric, [customers are 
dictating the future of the industry 
for the first time],” he said. 

Jonathan weisgall of 
berkshire Hathaway 

energy gave an expert 
analysis on solar and 

energy storage in Hong 
Kong 
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wHAt Is bHe INVested IN?

“All of this is happening with 
relatively flat load growth, this wasn’t 
the case in the 1960s, 70s and 80s… 
in fact during the recession in 2008 
we had negative load growth,” he 
added.

The role of batteries will become 
increasingly critical in this space and 
BHE is one company that believes, 
while the technology is not yet 
there on a cost level for the personal 
user, it does hold the solution to the 
long-time problem of intermittent 
renewables. 

“Energy storage is the holy grail,” 
Weisgall explained, “…[stored 
power] will fill the gap and [solve the 
problems we have] with solar and 
wind.”

The cost of power to consumer 
remains the main barrier. 

Capital is now flowing into the 
lithium ion battery space from cell 
producers, car manufacturers and 
in government grants but Weisgall 
said that its been a big issue for 
venture capital to find a position in 
an industry that has been flooded by 

start up companies, particularly in 
Silicon Valley. 

“It’s been a big challenge – VCs 
biggest challenge has been investing 
in batteries. Progress has not been 
great [in the battery industry] and 
they are expensive,” he said. 

However, as noted by BHE, there 
has been significant progress in the 
last two years and the battery sector 
is now benefitting from this rise in 
investment. 

This was perhaps summed up best 
by an Oxford University professor 

who made a comment to BHE during 
the talk. 

“Five years ago at Oxford 
University, for love nor money, you 
couldn’t persuade any of the bright 
engineering graduates to have 
anything to do with batteries. This 
year the top engineering department 
graduate has received an OSI 
scholarship to dedicate his life to 
batteries.”

Change is here. And in Weisgall’s 
words, “we haven’t seen anything 
yet”. 

Source: Berkshire Hathaway Energy
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By Simon Moores 
It has been an explosive start for Samsung’s new cell phone, Galaxy Note 
7, with a few of the devices literally combusting into flames. 

 It became apparent during the many airports we travelled through 
for the Benchmark World Tour 2016 that it was becoming a serious 
problem for Samsung.

 Warnings on the Galaxy Note 7 were 
everywhere; from baggage check to security 
X-rays to notices on the airplane.

As if that wasn’t enough, as the air stewards 
went through their pre-flight procedure there 
were warnings over the tannoy: “If you are carrying a Samsung Galaxy 
Note 7, please keep it turned off at all times”. 

Bad lithium ion batteries in Samsung’s phone have made the aviation 
industry very nervous. 

 But this is not just a problem for Samsung; it is a problem for Apple, 
one for Tesla and General Motors, and a major issue for the lithium ion 
battery industry as a whole. 

 Samsung isn’t the first company to have a problem with combusting 
batteries. You may remember a decade ago, the Sony Vaio laptops had 
the same problem - catching on fire when being used extensively. 

 Boeing’s Dreamliner aircraft also had high profile lithium ion issues 
with battery packs on its launch a few years ago, resulting in a handful of 
its planes being grounded. 

More recently, there has been widespread YouTube footage of battery 
powered hover-boards catching fire - something that quickly slowed 
that craze. And that’s not to mention the continuous new FAA regulation 
on the transportation of lithium ion batteries. 

 These are all hallmarks of the growing pains the lithium ion battery 
industry has experienced over the past decade. 

 Over the past four years, the industry has almost doubled its cell 
output from 35GWh to 63GWh in 2015, with the majority of new supply 
coming from China. 

 Many new producers have flooded into the industry on the back 
of generous government subsidies and, while the majority of Chinese 
cell producers are industry leaders, there has been a lack of standards 
among the smaller players. 

 Cheap lithium ion batteries are a hazard. 
 If the components that make up the cell aren’t high quality and 

consistent products, and if the manufacturing process isn’t held to the 

strictest standards, significant problems can occur. 
 Water, for instance, can be a major issue in the production of 

batteries. During the production cycle of a cell, there are a number 
of drying processes the batteries have to be exposed to in order to 
maximize safety. Similarly, separator materials have become a huge 

issue for the industry. Supply has expanded 
at a faster rate than any other lithium ion 
components, largely due to realtively low 
barriers to entry – it’s easier for new entrants 
to manufacture separators than cathode and 
anode materials. 

The majority of the industry has pointed the finger at bad separators 
for Samsung’s fires. However, new evidence suggest it could be a deeper 
manufacturing issue with the phone.

There is also a problem with battery packs. This is a critical juncture 
in the supply chain that has to be mastered if we are going to have 
widespread electric vehicles and utility scale energy storage. 

 Tesla’s secret is its mastery of making a functional, efficient battery 
pack with all the necessary cooling systems to make it safe. Samsung SDI 
- the cell manufacturer that is separate from its consumer technology 
or ICT business - has made a number of battery pack acquisitions in 
Europe. 

 The quality of the battery pack - both in components and 
construction - will determine the quality of the end application, and the 
wiring and riveting of these packs are areas of particular focus. 

In the Boeing Dreamliner, for example, the problem wasn’t with the 
lithium ion cells but the quality of the rivets holding the pack together, 
that broke apart on the stress of flying. 

 Again, it’s not just a process challenge for the industry but one of 
sourcing quality raw materials and components that are trusted and 
consistent. 

Considering how much the battery sector has grown over the last ten 
years, the problems highlighted here are not bad going. While they are 
high profile, they are pretty isolated and will not deter the industry or 
public consumption trend which is set on a path of hyper growth out to 
2025. 

But the Samsung issue is a timely reminder, that in order to put 
these cells and packs in every vehicle on the road or attach them to our 
houses and offices, the lithium ion battery industry still has some way 
to go.

Not just samsung’s problem

commentdownSTREAM | news analysis

Cheap lithium ion 
batteries are a hazard
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silicon Valley company’s secret plan to spend half a billion dollars to 
expand “Gen 2” vehicles by 2021 – over half of the Gigafactory 1’s 
original intended capacity

By Edward Niedermeyer
Throughout its history, Tesla has 
always been a company that is 
looking ahead. 

Even when the it was hand-
assembling tiny volumes of 
Roadsters, CEO Elon Musk’s Top 
Secret Master Plan pointed the way 

towards lower prices and higher 
volume. 

Now, with two vehicles on the 
market and annual production 
volumes moving towards the 
six-figure mark, Musk told analysts 
on Tesla’s Q3 earnings call that a 
lower-cost, higher-volume Model 3 is 

“overwhelmingly our focus.” 
As for the Model S and Model X, 

Tesla’s so-called “Gen 2 vehicles”, 
Musk says “things feel really quite 
stable.”

That does not mean that Tesla 
is done investing in its current 
line-up, however. In fact, the electric 

tesla’s long-term expansion 
plan for model s and model X 

automaker’s latest approved 
application for sales and use tax 
exclusion (STE) from the California 
Alternative Energy and Advanced 
Transportation Financing Authority 
(CAEATFA), reveals that it is actually 
spending nearly half a billion 
dollars in order to expand the 
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tesla

supermarket sweep 

purchase of about $463.62m worth 
of manufacturing equipment from 
some $39m in sales and use taxes. 
CAEFTA’s staff analysts estimate 
that STE support will contribute 41 
permanent jobs out of the 1,384 
new permanent jobs associated with 
this expansion, and will provide net 
benefits to the state of $27,572,193.

According to the CAEATFA staff 
report:

“Tesla will spend approximately 
$464m to expand its Models S and 
X production and development 
capabilities. By making additional 
capital purchases to expand its 
body shop, stamping line, vehicle 
assembly, plastics shop, production 

control, tooling and prototyping, 
Tesla anticipates it will produce 
approximately 118,000 additional 
Model S and X vehicles per year.”

“This is an addition to the 
Applicant’s current projected annual 
rate of approximately 77,000 Model S 
and X vehicles per year.”

Tesla told CAEATFA’s analysts that 
its purchase of qualified property, or 
the equipment to be excluded from 
sales and use tax and used for this 
expansion, will “take place between 
January 2016 and the end of 2018, 
with full production realized within 
six years.”

According to cost estimates from 
the CAEATFA staff report, the largest 

line items are about $140m for 
body shell tooling, $88m for interior 
systems tooling, $35m each for 
battery processing equipment and 
materials conveyance, and $23m for 
body shop equipment. 

Significantly, CAEATFA staff note 
that Tesla will use some qualified 
equipment to expand tool and die 
manufacturing and prototyping as 
well as for production expansion. 
Tesla is known for continually 
updating its vehicles, and the 
purchase of equipment tool/die 
making and prototyping could point 
to significant hardware changes for 
its Gen 2 vehicles down the road.

Though Tesla is not sharing any 

production capacity of its Gen 2 
vehicles to 195,000 units per year by 
approximately 2021.

With the Model S now carrying a 
Model X sized 100kWh lithium ion, 
NCA battery pack, that equates to 
19.5Wh of cells or just over half of 
the Gigafactory 1’s intended original 
capacity. 

Tesla’s request, which has been 
approved unanimously by CAEATFA, 
is its fourth successful application to 
the program which allows qualifying 
companies to exclude purchases of 
manufacturing equipment from state 
and local sales and use taxes. 

It is also Tesla’s largest approved 
request to date, excluding the 

Body Shop Equipment $22,984,000 

Paint Equipment $3,155,000 

Casting Equipment $19,248,000 

Vehicle Assembly Equipment $17,793,000 

Battery Processing Equipment $35,455,000 

Materials Conveyance $34,992,000 

Stamping Line Equipment $10,497,000 

Powertrain Assembly Equipment $16,209,000 

Computer Numerically Controlled Machinery and 
Equipment

$7,093,000 

Final Test Equipment $9,615,000 

Tooling and Die Manufacturing Equipment $18,881,000 

Facility Improvements $2,641,000 

Plastics Shop Equipment $2,292,000 

Body Shell Tooling $139,863,000 

Chassis Tooling $20,254,000

Interior Systems Tooling $87,580,000 

Thermal Tooling $6,360,000 

Body Electrical Tooling $8,713,000 

Total $463,625,000

tesla’s $0.5bn shopping list to expand model s and model X output

Source: CAEATFA
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tesla’s implied annual production capacity utilisation for 2015 
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source: dailyKanban.com (left), benchmark mineral intelligence (right)

such plans, the prospect of major 
improvements to the Model S and 
Model X seems to be a critical factor 
in making sense of this investment. 

After all, Tesla’s Gen 2 vehicles 
hardly appear to have been in any 
danger of under-capacity when 
CAEATFA approved tax relief for the 
expansion last December. According 
to CAEATFA’s staff report, Tesla’s 
annual production capacity at the 
time was some 77,000 units even 
though the firm only delivered 
50,580 units in 2015. 

That would imply a capacity 
utilisation of about 65%, which is well 
below the 75%-85% utilisation level 
that is generally considered the floor 
for an operationally profitable auto 
plant.

Delays and early production 
challenges for the Model X may have 
been at least partially responsible 
for that low utilision rate, and may 
explain why Tesla moved to expand 
production regardless. 

However, the company’s sales 
since the beginning of this year 
raise real questions about the firm’s 
ability to sell nearly 200,000 of these 
high-end vehicles each year.  Tesla’s 
deliveries have declined sequentially 
in each of the first two quarters of 
2016, and second half sales will have 
to grow significantly in order to sell 
all of the 80,000 to 90,000 vehicles 
that the company estimates it will 
build this year. 

According to Dave Sullivan of 
AutoPacific, significant sales growth 
for the Gen 2 vehicles “seems unlikely 
given the weak launch of the Model 
X, the advancing age of the Model S, 
declines in some tax incentives and 
increasing competition.”

Tesla is already taking a number 
of steps to shore up demand for its 
Gen 2 vehicles, offering new high-
end 100kWh versions and low-end 
60kWh versions of the S and X, while 
adding a number of discounts to its 
$1,000 referral bonus program. 

Reported initiatives include new 
lease offers with lower monthly 
payments, discounts of up to $30,000 

100%

75%

65%

75%-85%

tesla Auto industry average for 
profitability

50%

25%

0

on certain inventory vehicles, offers 
to waive a $1,200 destination and 
documentation fee, half-price 
upgrades for certain Model X 
configurations and a campaign to 
convert Model 3 reservation holders 
to the new lower-cost Model S 60.  

Tesla has also refreshed the Model 
S’ front fascia for the first time since 
it began sales in 2012, giving the 
car a mid-cycle facelift to reflect its 
numerous changes under the skin. 
If all these efforts prove necessary 
to boost Gen 2 vehicle demand to 
about 100,000 units per year, more 
radical steps will be necessary to 
double their sales volume again.

The highest annual sales forecast 
that Tesla has ever given for its Gen 

2 vehicles was when Musk predicted 
as many as 150,000 units in 2018 on 
the Q1 2016 earnings call. Previously, 
Musk had predicted “mature” 
demand for the Gen 2 vehicles at 
“maybe a hundred thousand units 
per year, or maybe a bit more.” 

But Tesla has never given a 
forecast intended to characterize 
demand in 2021, the year that 
CAEATFA staff expect the expansion 
to make 195,000 units per year a 
possibility. Though the Model S will 
be nearly ten years old by then and 
though competition in the electric 
car market is likely to be far tougher 
than it is today, it’s always possible 
that a major update or significant 
cost-downs enabled by this project 

could bring demand up to the 
200,000 unit per year level.

Regardless of whether or not 
this proves to be possible, Tesla’s 
investment of nearly half a billion 
dollars into its Gen 2 vehicles seems 
strange given the firm’s stated focus 
on accelerating the production ramp 
for Model 3 and emphasis on short-
term cost-cutting. 

When asked during the Q2 
earnings call about other vehicle 
programs referenced in his latest 
Master Plan, Musk told analysts: “I 
think we want to postpone anything 
that’s a heavy capital impact until after 
the Model 3 production is ramped.” 

The one factor that might 
explain the decision: according to 
CAEATFA’s STE rules, Tesla can use 
the purchased equipment for other 
projects as long as it is used for the 
stated program at least 50% of the 
time. Given Musk’s recent emphasis 
on improving production efficiency, 
it seems likely that Tesla will take 
advantage of this leeway.

Of course, investments for the 
Model 3 launch are still underway 
and they dwarf this slow, six-year 
expansion of Gen 2 vehicle capacity. 
Tesla’s most recent application to 
CAEATFA’s STE program requests 
almost $100m worth of sales tax 
exclusions on a whopping $1.2bn 
worth of equipment –the most the 
program has ever seen– that will 
be used to produce Tesla’s 3rd gen 
family of vehicles. That application 
won’t be approved until December at 
the earliest according to a CAEATFA 
analyst, but Daily Kanban has made a 
public records request for a copy. 

Provided there is still valuable 
information on it once any sensitive 
business information is redacted, we 
will be sure to report on that as soon 
as we can.

edward niedermeyer is an auto 
industry expert for the dailykanban.
com, Bloomberg View and numerous 
other international media outlets. 
for more insight, visit www.
dailykanban.com 

Source: CAEATFA

at the end of the 2015, tesla’s annual production capacity at the 
time was some 77,000 units even though the firm only delivered 
50,580 units in 2015
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tesla

expanded Gigafactory gives tesla  
raw material perspective

By simon moores 
Tesla opened its Gigafactory in 
Q3 to the surprising, if casual, 
announcement by Elon Musk that 
the Gigafactory will be three times 
the original 50GWh planned capacity.

The company revealed that the 
lithium ion battery plant, through its 
dense layout which was designed 
through Computer Aided Design, 
has allowed it to significantly boost 
capacity by three times to 150GWh in 
the same space and within the same 
$5bn budget. 

To make matters more challenging 
for its supply chain, Tesla expects 
to have 50GWh worth of operating 
capacity by 2018 – 35GWh of which 
is anticipated to be from cells made 
in the Nevada-based facility while the 
remainder from its supply deal with 
Panasonic for cells made in Japan 
and China. 

The real concern now is whether 
there will be enough raw material to 
fuel not only a 150GWh Gigafactory 
but also the major growth that is 
being seen in China where at least 
7 lithium ion megafactories are 
being built by the majors including: 
Samsung SDI, ATL, and Tianjin Lishen. 

The answer is no.
At three times the size, Tesla will 

need to source 110,000 tpa of coated 
spherical graphite (242,000 tonnes of 
flake concentrate), 75,000 tonnes of 
lithium hydroxide, and 21,000 tonnes 
of cobalt. These are astonishing 
volumes, not only because they are 
for one customer, but because they 
will completely reshape battery raw 
material industries.

The company said they will be 
at 50GWh capacity by 2018, but in 
simple terms their suppliers will not 

be able meet this demand in such a 
short space of time which will slow 
the Gigafactory’s ramp up. 

Over a 5-7 year period there is little 
doubt that the investment presently 
being seen into graphite and lithium 
will result in the additional supply 
needed – both in terms of existing 
producers expansions and new 
greenfield operations.

Raw material impact
But major questions remain 

over whether this material will be 
available for the capacity expansion 
due to hit the market in the next 1-2 
years.

Huge capacity expansions will be 
needed to take the carbon anode 
industry from 80,000 tonnes last year 
to the 300,000 to 400,000 tonnes 
needed by 2021.

The majority of these expansions 
are expected to come from flake 
graphite miners and spherical 

processing companies rather than 
synthetic graphite producers which 
are simply not installing the required 
additional capacity due to higher 
costs and risk of a lower cost material 
on the market. 

Meanwhile, lithium continues 
to be in shortage and prices, while 
recently softening in China, remain at 
levels up 3 times higher than at the 
start of 2015.

New mines are being planned 
and significant lithium hydroxide 
expansions are announced – 
especially by Albemarle in Australia 
and China and FMC Lithium in 
Argentina – there remains little 
doubt that the supply and demand 
balance will remain tight over the 
next four years simply through a lack 
of raw material. 

When Tesla revealed the 
Gigafactory plan to build half a 
million vehicles a year, it raised a 
number of eyebrows because many 
people struggled to believe anyone 
could sell that many electric cars 
each year before 2020.

Today, with Model 3 pre-orders 
over 400,000 and Tesla Energy’s 
home and commercial battery 
packs to be integrated into the 
solar powered source acquired via 
SolarCity, the company’s biggest 
worry must now be (besides the 
$1.1bn cash it will need in Q3) on 
whether there will be enough supply 
of the vital ingredients that will allow 
it to change the world.

Because at the moment there is 
not enough capacity in the market 
nor is there enough in the pipeline of 
projects expected on-stream in the 
next 5 years.

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

tesla’s Gigafactory 1 Grand opening invite
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Tesla turned an unassuming 
industrial park on the outskirts 
of Reno, Nevada, into the HQ for 
its campaign office as it officially 
opened its Gigafactory 1, the world’s 
largest lithium ion battery plant, to 
the usual fanfare and air of extreme 
positivity. 

The company invited a blend of 
investors, fanboys and international 
journalists to witness the launch of 
the megafactory which, at capacity, 
will produce more than double of the 
world’s output from last year which 
was 60GWh. 

It was in typical Elon Musk fashion 
to casually drop in the fact that the 
plant will now be three times the 
initial planned capacity of 50GWh, 
a hugely significant development 
that will have ramifications across 
the supply chain, from raw material 
availability to battery cell costs. 

Musk explained that the plant is 
expected to reach its 50GWh level 
by 2018 – 3 years ahead of schedule 
- from which the company is will 
produce 35GWh of cells in-house 
while purchasing the remainder 
from its deal with Panasonic and a 
new Tesla Energy agreement with 
Samsung SDI. 

The huge facility is six floors tall 
and already spans three US city 
blocks yet is only 14% of the size of 
the final design. It is on course to be 
the largest building in the world by 
footprint overtaking Boeing’s Everett 
Factory where they build airplanes.   

“Its matters if it happens at scale,” 
explained Musk. 

“It’s about being able to make 
enough electric cars, enough battery 
packs that it moves the needle 
from a global carbon production 
perspective… so it actually does 
change the world.”

“It has to be big because the world 
is big. That’s why,” he added. 

Q3 2016 saw the 
official unveiling of the 
Gigafactory 1, but in 
typical tesla fashion, 
the launch was not 
without its surprises

The sheer capacity size of the 
plant is not only hugely significant 
for Tesla to achieve its ambitious goal 
to produced half a million full electric 
vehicles but it has also sparked a 
global battery arms race forcing 
other major manufacturers to build 
their own megafactories. 

Since Tesla announced the $5bn 
project in February 2014, the rest of 
the industry has scrambled to reveal 
new plants in a bid to produce the 
world’s lowest costs cells which at 
present average $250-350kWh. 

Tesla is aiming for a sub-$150kWh 
cell which it expects to achieve 

through the addition of scale and 
speed which it will get through 
designing the Gigafactory to a 
“physics first principles basis” where 
density is key. 

“Just like a great machine, the 
entire factory [has been designed 
in] CAD: every pipe, every electrical 
conduit, every piece of duct work 
and every piece of the equipment 
building the cells,” explained JB 
Straubel, Tesla’s CTO.

“We’ve modelled it to fit it in with 
minimal wasted space, everything is 
almost touching each other on every 
floor. That was necessary to build this 

amazing machine and many factories 
aren’t done this way – you build a 
shell and randomly put equipment in 
it. This was very different,” he added. 

The full integration of the 
Gigafactory is also critical. 

It will be the world’s first plant 
that can produce cells and finished 
battery powered products, from 
raw materials to cars rolling off the 
production line. 

At present, every single major 
step in the lithium ion supply chain is 
separated by thousands of miles and 
different companies, each of which 
have to make a profit.

A battery powered world
Gigafactory launch makes lithium supply shortage more apparent
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From lithium, graphite, cobalt and 
nickel mining, cathode and anode 
manufacturing, cell production, to 
electric vehicle production, each of 
these steps adds cost and time and 
have fundamentally held the battery 
industry back from producing at a 
lower cost and at scale. 

“You can’t send things on around 
the world trips and expect it to be 
cheap,” said Musk. 

And this is where Tesla expects to 
have an edge. 

At present, according to 
Benchmark Mineral Intelligence 
data, a molecule of brine sourced 
lithium in Chile will go on a 50-day, 
42,000km journey before arriving  
in California in the form of a battery 
cell. 

Lithium would pass through at 
least four players in the industry 

– four contract negotiations and 
company balance sheets to look after 
– before ending up in vehicle. 

Graphite, on the other hand, 
would have an 18,000km trip starting 
in northern China and pass through 
5 companies over at least 35-days 
before arriving at Tesla’s Fremont 
factory in a battery.

For a company that will be the 
largest single consumer in the 
world, this offers not only additional 
expense but a supply security 
nightmare hence the rationale 
behind baking the anodes and 
mixing the cathodes onsite in 
Nevada – the Gigafactory’s first  
step. 

The real question is about whether 
there will be enough raw material 
to fuel not only a Gigafactory 
that is now 150GWh but also the 

major growth that is being seen in 
China where at least 7 lithium ion 
megafactories are being built. 

The answer is no. 
Huge capacity expansions will be 

needed to take the carbon anode 
industry from 80,000 tonnes last year 
to the 300-400,000 tonnes needed 
by 2021. 

The majority of these expansions 
are only expected to come from flake 
graphite miners rather than synthetic 
graphite producers which are simply 
not installing the additional capacity 
due to the higher costs. 

Meanwhile, lithium continues to 
be in shortage and prices remain at 
levels 3-4 times higher than at the 
start of 2015. 

New mines are being planned 
and significant expansions are being 
announced – especially by Albemarle 

and FMC Lithium. There remains little 
doubt that the supply and demand 
balance will remain tight over the 
next four years. 

When Tesla announced the 
Gigafactory and its plan to build half 
a million vehicles a year, it raised a 
number of eyebrows because many 
people did not believe anyone could 
sell that many electric cars each year 
before 2020. 

Today, with Model 3 pre-orders 
over 400,000 and Tesla Energy’s 
home and commercial battery 
packs to be integrated into solar 
powered source of energy through 
its recent SolarCity acquisition, the 
company’s biggest worry must now 
be on whether there will be enough 
of vital ingredients that will allow it 
to change the world. Because at the 
moment there is not. 

GiGAfACtory by Numbers
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energy storage has become a fundamental pillar of a fourth industrial revolution and central 
to its commercialisation is low cost, abundant lithium ion battery cells. Here, benchmark 
mineral Intelligence outlines four charts that show the macro trend that is starting to the 
supply chain

the lithium ion revolution in four charts 
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The lithium ion battery megafactories are being built and low cost, 
abundant cells are on their way. As a result, the way we store and use 
energy is about to fundamentally change.

Benchmark Mineral Intelligence predicts that at least 180GWh of new 
capacity is under construction between now and 2020 with a significant 
amount being brought on-stream within China. Deadlines of some major 

lithium ion cell manufacturers within the country have now been moved 
forward to the end of 2018 and the impact on raw materials will be 
significant. 

As part of our industry leading World Tour 2016 series of seminars, 
Benchmark Mineral Intelligence has outlined four must read slides that 
explain the story.

The lithium ion battery industry is young… 
Commercialisation in the niche battery sector takes a long time. It 
is only in the last ten years that the lithium ion battery has taken off 
owing to its uptake in smartphones, laptops and tablets – what the 

Japanese battery industry refers to as ICT. 
This is despite the chemistry being invented in the 1970s and first being 

commercially used in the early 1990s via its use in the Sony Walkman. 

Benchmark believes we are now entering a fourth phase of battery 
commercialisation with pure electric vehicles (EVs) and utility storage markets 
coming of age. The move into pure or 100% battery powered EVs is critical as 
the battery cells are much larger, and will soon average 60kWh and higher. 
This is compared to the Prius Plug-in Hybrid which has a 4.4kWh lithium ion 
battery. 

Welcome to the era of the advanced lithium ion battery.

1

... rechargeable battery industry is just getting started

n  First commercial lithium ion battery in 1991
n  Take-off in 2005 - advent of smartphone
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China is driving new 
lithium ion demand
While the Tesla Gigafactory 
1 is no doubt the catalyst 

behind the rapid and significant 
change in the battery industry, it is 
not the primary driver of demand.
Benchmark Mineral Intelligence data 
shows that 70% of new lithium ion 
supply is coming from China where 
at least 7 battery megafactories are 
under construction. Over $20bn 
has been committed to expanding 
production capacity between 2016 
and 2020 which will take the industry 
from 63GWh in 2015 to 180-220GWh 
capacity in 2020, assuming the 
Gigafactory 1 is at a 50GWh level. 

 
Production costs 
continue to fall 
The introduction of 
megafactory scale is the 

main driver of cost reductions in the 
battery industry. 

According to Benchmark Mineral 
Intelligence forecasts, lithium ion 
battery production costs are set 
to fall 15-20% a year for the next 
five years – the rate of decline is 
increasing. It is important to note 
that raw material price decreases – if 
any are agreed – will not have any 
meaningful impact on bringing 
down the cost of lithium ion cells. The 
majority of the cost reduction will 
come from megafactory scale. 

 
Convergence of 
disciplines breeds 
rapid change 
Energy storage is forcing 

convergence between historically 
separate industries of energy, 
automotive and technology. 
Abundant, low-cost lithium ion 
batteries are set to change the 
vehicles we drive and the energy we 
consume at peak times, a trend that 
will have wide-reaching implications 
for all three sectors.

2017 onwards

2
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4

... The lithium ion megafactories are coming

... And batterry cell costs are falling

... Tech industries evolve, force convergence of mult-billion dollar industries

n  Over $20bn committed to creating lithium ion batery megafactories
n  These are new or expanding cell plants going from megawatt to gigawatt capacity
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US-based Argonne National Laboratories is 
world-famous for its lithium ion battery testing. 
A number of globally significant developments in 
cell chemistry in recent years have originated from 
Argonne. 

Pictured here is chemistry co-op student, Sara 
Busking, as she loads a lithium ion cell in a 
pouch design, much like those made by LG Chem 
and Samsung, into a test oven to evaluate its 
electrochemical performance. 

As Argonne states: “Pouch cells provide a convenient 
low-cost flexible packaging system for situations 
that require unusual shapes and sizes such as the 
vest battery requires.”

Credit: Argonne National Laboratories 

POUCH CELL TESTING 

POUCH CELLS
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The fourth industrial revolution has 
arrived just as the planet urgently needs 
to decarbonise in the face of climate 
change. A city’s ability to cope and thrive 
in the years ahead will depend on meeting 
the challenges this presents – to embed 
renewables, to rethink transport and to 
grow sustainably 

by Simon Rees

future 
City 2030



beNCHmArK september 2016 | 37

FUTURE ciTy

www.benchmarkminerals.com

future 
City 2030



FEATURE

38 | september 2016 beNCHmArK www.benchmarkminerals.com

and centre of most national, regional and civic 
policies.

First and foremost that means up-to-date 
legislation and various government agencies 
being empowered to assist or enforce relevant 
policies. This is often easier said than done as 
many developing countries lack the required 
expertise.

Even developed nations can struggle as 
arguments erupt over the pace and depth of 
change. For example, the US Environmental 
Protection Agency’s Clean Power Plan 
unveiled with great fanfare in 2015 was stayed 
by the Supreme Court in February.

The USA also wants a greater level of 
renewables and the SunShot initiative under 
the auspices of the US Office of Energy 
Efficiency and Renewable Energy (EERE) – 
itself within the Department of Energy – is 
playing an important role in this.

Launched in 2011, it seeks to reduce solar’s 
cost against conventional energy. “SunShot’s 
goal is to make solar cost competitive without 
subsidies by 2020 and our target is $0.6 per 
kilowatt hour,” the acting deputy director of 
the EERE’s Solar Energy Technologies Office 
Rebecca Jones-Albertus told Benchmark.

“The progress has been amazing,” she 
added. “Less than a tenth of a percent of US 
electricity was supplied by solar in 2010. We’ve 

One thing about the future is 
certain: life for most people 
is going to be urban; the 
number of people living in 
cities is already nearing  
4 billion and will continue to 

climb, according to the United Nations (UN).
The global population is expected to hit  

8.5 billion by 2030, with the greatest pressures 
falling on cities that face waves of inward and 
external migration, combined with high birth 
rates among first-generation urbanites.

This often leads to slums, overburdened 
infrastructure, sweatshop conditions and 
unchecked pollution, all of which needs to be 
viewed through the prism of climate change, 
one of humanity’s greatest threats.

The UN estimates cities now account for 
around 70% of greenhouse gases produced  
and a warming planet will have to cope with 
greater weather disruption and the potential 
for more ecological disasters.

Action is being taken in earnest and 
October’s UN Habitat III conference on 
urbanisation in Quito, Ecuador, sought to 
engage the most pressing concerns and build 
on the results of the UN Climate Change 
Conference held in Paris in late 2015.

The driving force to ensure necessary 
change takes place will come from the middle 
classes, particularly the developing world’s 
new wealthy.

“Take China; the country has created the 
miracle of a growing middle class but these 
people are now saying: ‘We appreciate  
what we’ve got, but we don’t want things to 
stop there’,” Richard Spencer, president and 
CEO of U3O8 Corp., a Canada-headquartered 
uranium project developer, told Benchmark.

However, it is important to note that growth 
for all is not guaranteed as global competition 
speeds up and businesses relocate with 
greater ease. Cities like Detroit or Buffalo in 
the USA’s northern “Rust Belt” are harbingers 
of a future other urban zones might face.

Millions of jobs could also become less 
important or obsolete as the Internet of 
Things (IOT), smart computing and  
intelligent apps perform tasks that used to 
involve hundreds of hands. This “Uberisation” 
effect is already shaking up the services sector.
Here comes the sun
If climate change is Public Enemy No.1, then 
technologies that alleviate it – or at least 
reduce its contributory factors – will be front 

O

the global population will stand at 
8.5bn by 2030, with most people 
living in urban environments. How 
cities tackle their growth sustainably, 
while harnessing the power of new 
technologies, will determine their 
economic and environmental viability in 
an increasingly competitive world
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Next step nuclear 
Other low-carbon energy pathways are 
available, particularly nuclear power. However, 
the technology suffers an image problem 
among many in the general public, sometimes 
influencing government policies as a result.

Germany decided to accelerate the 
shuttering of its nuclear plants to 2022 in the 

seen it grow by ten times that in the past five 
years, with solar now making up roughly 1% 
of US electricity penetration.”

Albeit with some subsidies and relief 
packages, solar is now price competitive in 
14 US states. That includes California, Hawaii, 
Minnesota and Texas, while more than 200,000 
jobs are tied to the technology.

“Looking beyond 2020 – if we can 
accelerate innovation – we foresee solar 
making up a much larger fraction of our 
electricity supply,” Jones-Albertus said.

While many southern regions in the USA are 
ideal for solar, northern areas will also witness 
greater deployment. “Germany is currently 
getting 7-8% of its electricity generation 
from solar,” she noted. “If it can generate 
that amount then we can certainly achieve 
something similar nearly anywhere in the 
north.”

For those arriving in Future City, USA, the 
effects will be plain to see: more solar farms 
dotting the hinterland and more rooftop 
space dedicated to solar panels.

Improving performance will spur uptake 
as well, while some buildings might use 
transparent photovoltaic glass to provide 
energy, reduce glare and lower heat loads. 
However, the uptake of this technology will 
depend on cost and whether it can compete 
with the efficiency levels of conventional solar 
arrays.

Unfortunately, most renewables come  
with a problem: fluctuation in output that 
creates variance in energy supplied. High 
renewables penetration makes it hard for 
grids to deliver consistent and constant 24-
hour energy.

Smart systems can help by building on 
initiatives being developed or already in 
place like IBM’s Green Horizons, which can 
use climate modelling, the IOT and cognitive 
computing to assess renewables performance.

For example, cameras can monitor clouds 
and assess their potential to block the sun’s 
radiation at solar farms, while wind turbines 
are fitted with sensors that monitor wind 
speed, moisture and air pressure.

The data is then coupled with weather 
forecast analysis, allowing the system to 
estimate solar and wind performance several 
days ahead at 90% accuracy, according to  
IBM. This helps with the vital task of  
predicting future energy levels and potential 
power gaps.

Source: Goldman Sachs Global Investment Research
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“We see an easy 20% of electricity 
generation possible from solar without 
battery storage, but higher percentages will 
need additional flexibility – and storage is a 
very important part of that,” Jones-Albertus 
said.

“Batteries and other forms of storage will 
come down in cost and have an enormous 
synergistic effect,” she added.

However, the trajectory of innovation, 
adoption and integration is still the subject 
of much debate, as are the pros and cons of 
various battery types. 

“There are many battery technologies out 
there, although lithium-ion batteries capture 
the limelight because they’re powerful, 
generally safe and have a lot of excellent 
characteristics,” Spencer said.

But lithium-ion has issues surrounding 
duration, lifespan and the ability to be scaled 
up for industrial purposes, he noted, adding 
that vanadium redox batteries had these 
necessary strengths by comparison.

“Vanadium redox batteries are little bit 
like the Cinderella battery; they’re not flashy 
and they don’t have the high power output 
of lithium-ion batteries, but they have the 
duration,” he said.

Batteries could allow consumers without 
direct access to renewables an opportunity 
to choose low-carbon energy stored by 
a provider and sold into the grid at a 
competitive price, possibly via a simple app.

For those with the roof space, solar-with-
battery systems could become a standard 
feature by 2030. The rewards for tapping 
this nascent market are obvious: first-mover 
advantage and the potential to sell millions of 
units across multiple jurisdictions.

With its Powerwall technology, and the 
integration of SolarCity into the Tesla fold, 
Elon Musk wants to be a major contender 
here.

His “Master Plan, Part Deux” released on 
July 20 infers as much. “[Our goal is to] create 
a smoothly integrated and beautiful solar-
roof-with-battery product that just works, 
empowering the individual as their own utility, 
and then scale that throughout the world,” he 
wrote.

Cheap solar-with-battery systems  
would also be a godsend for many 
developing-world inhabitants, providing 
reliable and inexpensive power for only a 
smallish outlay. 

aftermath of Fukushima in 2011. That has led 
– and some would say rather perversely – to 
further reliance on coal-fired power plants to 
backstop the country’s baseload power and 
support energy.

By comparison, nations like China believe 
nuclear power offers a vital means of 
sustaining growth and reducing its carbon 
footprint. Effective September, China has 34 
operational plants, 20 under construction, 42 
planned and 136 proposed, according to the 
World Nuclear Association. 

Several developed-world regions and 
nations are also revisiting the technology. 
For example, New York State’s Public Service 
Commission recently approved subsidies 
that will extend the operational lives of three 
reactors on their low-emission status. 

“It’s a fundamental change and New York 
State is putting nuclear firmly into the green 
energy, low-carbon space where it absolutely 
belongs,” Spencer said, adding that other US 
nuclear plants could benefit if more states 
follow New York’s lead.

Small modular reactors (SMR) are making 
headway too, with multiple designs 
undergoing permitting processes. “An SMR 
is defined at below 250 MW and one or two 
[models] will probably come into production 
by 2025,” Spencer said.

“The really interesting ones will be in the 
25-50 MW range and capable of powering 
around 30,000 homes for something like 
seven or eight years. They’ll be about the 
same size as a shipping container and easily 
transported by rail or truck,” he added.

The technology will be inexpensive 
compared with nuclear plants, while offering a 
flexible solution for getting power to locations 
in urgent need of energy provision. SMRs 
can be clustered as well and, at the end of a 
module’s lifecycle, easily replaced.

Combined with renewables, the technology 
could also help many developing countries 
leap-frog traditional grid structures that are 
expensive to install and maintain. “In general, 
it’s clean energy more or less where you need 
it and effectively they’re just big batteries,” he 
said.

Batteries of a more conventional nature, 
albeit on a much larger scale, will prove 
another critical component in the Future 
City’s energy revolution, adding flexibility and 
enabling greater renewables penetration over 
the longer term.

▲
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public transport fleets.
For specific provinces or cities, including 

Beijing, the percentage of “new-energy 
buses” in fleets will rise in rapid tranches – 
30%, 60% and 80% – until 2019, according 
to Deutsche Gesellschaft für Internationale 
Zusammenarbeit.

Another important development was 
witnessed at the start of September in Lyon, 
France, with the world’s first all-electric 
autonomous mini-bus service unveiled. Two 
vehicles carrying 15 people each will travel 
through the city centre in dedicated lanes 
at an average speed of 10 km/h along a 
10-minute route.

The manufacturer, Navya, believes the 
technology’s initial points of entry are most 
likely to be closed sites with restricted traffic 
rules, such as industrial parks, airports or 
university campuses.

“Our market potential can be estimated 
at several thousand vehicles on a global 
level by 2025. Europe itself will have reached 

electric avenues
Vital as they are, energy management, 
renewables integration and flexible grids are 
part of a much larger equation – the fourth 
industrial revolution, marked by its growing 
interconnectivity between daily life and 
artificial intelligence.

Even “basic” cloud computing by 2030 will 
be able to act as a master system through 
which devices like TVs, heaters, fridge-freezers, 
smartphones or vehicles report and function.

Out on the roads, traffic management 
will become more carefully controlled as 
technology enables real-time tracking of 
predictive and non-predictive behaviour, 
allowing cities to better understand 
bottlenecks, black spots and where speed-
calming measures might be needed.

Traffic emissions are obviously a major 
contributor to pollution, the effects from 
which can badly damage health. Those who 
live in the Beijing-Tianjin-Hebei tri-city area 
know this only too well, battling through 
some of the world’s worst smogs.

Electric vehicles (EVs) offer an essential 
means for cities to reduce this problem and 
deliver cleaner air. But municipalities will have 
to assist with the embedding of necessary 
infrastructure, such as readily granting street 
space for charging points.

Most believe the tipping point for EVs 
in major auto markets will come during 
the 2020s, when the price of an EV falls 
within easy reach of the middle classes, and 
when most people come to renew their 
conventional vehicles and switch to all-electric 
in the process.

Electric buses also offer a useful template. 
Some of the developments in this sector are 
small but high profile, like London unveiling 
its first all-electric double-decker bus in 
March. This vehicle was designed and built 
by China-headquartered BYD (Build Your 
Dreams).

The company also operates an all-electric 
bus factory in Lancaster, California, near the 
Greater Los Angeles Area, and is reported to 
be on track for delivering 300 vehicles this 
year.

In China thousands of all-electric buses are 
already in service or on order, propelled by 
national policy. For example, the government 
released a new regulation in November 2015 
that requires local governments to increase 
the integration of all-electric buses in major 

▲
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electric buses in China: fully electric 
buses using lfp cathodes are today’s 
most significant factor in shaping the 
future transport of the country’s cities
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10,000 vehicles on closed sites,” Nava’s CEO 
Christophe Sapet predicted.

Meanwhile, six autonomous taxis owned 
and operated by nuTonomy entered service 
in Singapore in August. These autonomous 
vehicles (AVs) have an engineer monitoring 
performance at the wheel – ready to take 
over if there is a problem – while the fleet will 
travel within a 2.5 square-mile area, using 
designated drop-off points.

Uber also unveiled an AV service in August 
to serve in downtown Pittsburgh, with a 
human present as well. These small steps 
herald the great leap to come: large numbers 
of autonomous vehicles (AV) moving through 
regular traffic.

“Currently there are a lot of questions about 
how much the technology costs, how quickly 
affordable versions can come online and what 
the behavioural responses will be,” University 
of Pennsylvania School of Design assistant 
professor Erick Guerra told Benchmark.

“But it would be an unwise bet not to 
assume AVs will be operating on the roadways 
in 10-15 years,” he stressed.

Guerra’s research includes transport, travel 
behaviour and transit investment. His most 
recent publication was Planning for Cars that 
Drive Themselves.

Like EVs, the initial concentration of AVs will 
be in cities and urban corridors. Car ownership 
might decline on their presence as people 
prefer AV hire rather than buying a vehicle and 
paying for its upkeep.

Companies like Uber, Lift, Google and 
plenty of others are busy modelling the 
commercial opportunities this represents. 
“Uber is partnered with car manufacturers and 
other technology firms to develop this service 
and so is Lift; I would say it’s one of the big 
business strategies,” Guerra said.

It would be a sea-change for automakers as 
they witness sales decline and disruption to 
traditional business strategies, Guerra noted. 
“They [the automakers] are already thinking 
about becoming service providers rather than 
just dedicated car manufacturers.”

Like aircraft manufacturers, an automaker 
might produce an AV, add options and then 
offer maintenance, repair and overhaul 
services.

In areas of broad urban sprawl, like Los 
Angeles, AV journeys might be more limited 
as people decide the cost of the service is too 
much to justify something like a quick trip to 
the store, Guerra said.

But cities with higher densities, like New 
York, could witness more trips than ever 
before. Travellers would be happy to pay 
a premium for an AV as they guarantee 
comfort and an attractive alternative to over-
subscribed massed transit.

“There have been some studies that back 
this up, whereby providers like Uber have 
increased road use,” Guerra noted. “The AV 
revolution could boost driving levels in the 
denser urban areas, where most people don’t 
own cars or only use them for weekend trips.”

AV dominance could also lead to a 
revolution in road space: less car ownership 
means fewer parked vehicles on the streets, 
opening them up for other opportunities like 
dedicated cycle lanes.

The shopping experience will probably 
change as well, with AVs taking consumers 
to stores or malls and then heading off to a 
rank or a designated loading zone for another 
customer.

Concurrently the potential for intercity rail 
travel will be overhauled for millions as more 
high-speed infrastructure is unveiled. For 
example, the USA will have a new high-speed 
route between Greater Los Angeles to San 
Francisco and there is more still to come.

Maglev technology might become a more 
familiar sight, although its cost could be 
prohibitive for many countries, particularly 
those already struggling to maintain basic 
commuter routes.

At the cutting edge, Tesla is pushing ahead 
with its Hyperloop concept that will use 
vacuum technology to transport passengers 
through giant tubes at subsonic speeds. Early 
prototype trials held in May were successful, 
although the project is still very much in its 
infancy.

back to basics
In discussing advanced technology and the 
Future City, the temptation is to forget basic 
issues like housing and – especially for those 
living in crowded or successful cities – the 
prohibitive cost associated with it.

Greater densification and more tall 
buildings could alleviate some of the 
pressures, but the pace of construction in 
most cities almost always fails to keep up 
with demand. Modular buildings and the 
development of 3D-printed buildings could 
afford some useful solutions.

Modular homes are not a new idea, but the 

▲
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scope envisaged in the future would be on a 
far greater scale than seen today.

Components would be produced in 
factories, ensuring greater quality control 
and less materials wastage compared with 
traditional building sites. The units can then 
be fitted together quickly and sold at an 
affordable price.

The materials used will be light-weight, 
strong and durable as new composites are 
utilised and construction techniques fine-
tuned.

Homes or buildings that are 3D printed 
will take longer to have a commercial impact 
as the technology is still in its earliest stages. 
The advantage comes from one mechanism 
making a house or structure for even less 
labour costs and materials wastage. 

Buildings could also be easily re-modelled 
or customised, with the best designs shared or 
sold simply at the touch of a button.

Sturdy accommodation in disaster zones for 
survivors and refugees could also be provided, 
while slums could be cleared and replaced 
with cheap, structurally-sound buildings that 
have proper ventilation and connections to 
sewerage systems.

This would be a huge achievement in a 
world where more people have access to a 
mobile phone than a toilet.

Italy-based 3D printer Wasp is currently 
attempting a world first by producing an 
adobe structure that uses only clay and straw 
– a 3D-printed structure made from the most 
basic and inexpensive materials available for a 
zero-carbon footprint.

Unsurprisingly, manufacturing centres 
will make greater use of conventional and 
advanced 3D printing, producing components 
or electronics that utilise the latest alloys and 
composites. There will be less wastage again, 
while a design could be produced in one 
country and then emailed for printing at a 
factory or shop thousands of miles away.

“The technology is improving quickly; it 
will become faster and easier much sooner 
than imagined,” Wasp spokesperson Cinzia 
Carantoni told Benchmark. “It will be an 
indisputable revolution, where everybody will 
be able to print what they need wherever they 
happen to be located.”

Materials derived from nanotechnology 
being tested or piloted today, such as 
graphene, will be scaled up and utilised within 
many consumer products by 2030.

That means many items being sold fully 

augmented for strength, conductivity, 
permeability or a countless array of other 
advantages – and at little or no extra cost to 
the consumer.

Nanotech is helping in other areas 
too, like desalination where new filters 
and membranes could reduce energy 
requirements, improve water quality and 
boost supply for growing populations.

Water systems and piping could also be 
overhauled by smart systems, sensors and 
cutting-edge materials. Self-sealing pipes will 
staunch leaks, while any serious water loss is 
reported and acted on in real time.

Up above, on city rooftops, more space 
will be converted into green areas, including 
market gardens. Some disused buildings 
might also be turned into urban farms, 
utilising specialist lighting, biosensors and 
monitoring technology to achieve bumper 
crops.

Urban farming would also create 
employment opportunities and reduce 
some of the carbon footprint associated with 
transporting many foodstuffs.

Overall, it is impossible to detail every 
development Future City 2030 will witness: 
the expected advances are almost endless in 
scope and scale.

Expected progress can also be derailed by 
sudden economic collapse, natural disasters 
or conflict. Many nations are still struggling 
to overcome the effects of late 20th-century 
wars, while countries like Syria and Iraq 
seem locked in vicious cycles that could take 
decades to break.

There are concerns too that smart 
computing could be used for ill, with 
authorities or multinationals tracking people 
in ways that make today’s data collection 
seem benign and even simplistic.

Plenty of future technologies that attract 
praise today will also disappoint or become 
quickly superseded, leaving those who 
predicted great successes a little red-faced.

For most people, Future City 2030 will be 
a familiar and possibly mundane place as 
most technological advances are experienced 
gradually and are only considered 
revolutionary in the fullness of time.

But from today’s perspective, a city that 
has clean energy and air; has safer traffic and 
new modes of transport; utilises new building 
techniques and produces large volumes of its 
own food will be an exciting and wonderful 
achievement.

in 2015, China revealed the world’s first 
3d printed apartment and dubai followed 
a year later with an office building. A 
future is coming where 3d printing has 
widespread use in construction of cities.
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the path to half a terrawatt: 
An extensive review of the whole 
lithium ion supply chain, from mine 
to market. What raw material will be 
needed and by when?

the lithium ion supply chain 
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both its new plant in Xi’an, China and at its 
already established facility in Ulsan, Korea. 

Within the US, Tesla’s Gigafactory 1 
opened in early 2016 as a battery pack 
facility but is expected to be making cells 
from scratch by the end of the year. Once 
fully operational and at capacity, the $5bn 
investment will be not only the world’s 
biggest battery plant and largest pack 
assembly facility, but also the world’s largest 
building by footprint, period. 

North of the Gigafactory, in the traditional 
home of the auto industry, LG Chem is 
expanding its Holland, Michigan cell plant. 
The Holland plant, which cost $338m, 
including a $151m government grant, is 
expected to treble its capacity to 3GWh 
within the next four years. 

US-based company Boston Power is 
focusing on increasing capacity in China 
and Taiwan, taking its total capacity to an 
estimated 7GWh from today’s 800MWh. 

battery costs are falling 
The cost of producing a lithium ion battery 
cell has been steadily falling over the last 
decade. 

In 2006, the cost of producing a cell was 
north of $1,000/kWh but manufacturing 
improvements pushed this figure below 
$500/kWh in 2013 and between $250/kWh 
and $400/kWh in 2016.

Between 2000 and 2015, the cost of a 
cell fell an average of 12% a year, but from 
2016 to 2020, Benchmark expects this rate 

he lithium ion battery industry 
is going through a renaissance 
period with billions of dollars 
being committed to expanding 
production capacity. 

Benchmark Mineral 
Intelligence has tracked at least 12 lithium 
ion battery megafactories that are being 
constructed today. 

These are lithium ion cell manufacturing 
facilities that have multi-gigawatt hour 
production capabilities, a step change 
from the megawatt scale level the industry 
operates at today. 

The construction of the battery 
megafactories alone will increase the lithium 
ion industry capacity by over 80GWh, a 
figure that does not include widespread 
smaller expansions, especially in China, and 
an increasing capacity utilisation rate that 
could add an estimated 20GWh. 

In 2015, the industry produced 65GWh 
worth of lithium ion cells, so there is no 
doubt that significant change for the lithium 
ion supply chain is here. 

From the accompanying chart, it is clear 
that while the focus is on Tesla’s Gigafactory 
1 in Nevada – the biggest of all new lithium 
ion battery plants at 35GWh of new capacity 
and a 50 GWh pack capacity – nearly 70% of 
new cell capacity is being installed in China. 

This surge in projects being established 
by both Chinese battery producers and 
Japanese and Korean JV partners is just the 
start for the industry. 

Significant investments by Amperex 
Technology Ltd (ATL) and Tianjin Lishen 
Battery Joint Stock Co Ltd (Lishen) are 
ones to watch as China’s leading battery 
producers are being leant upon not only by 
government-backed industries within the 
country but major consumers in the rest of 
the world. 

Both companies have grand plans to 
expand into the tens of GWh capacity, with 
Benchmark estimating Lishen to reach 
10GWh capacity by 2018 and ATL 25GWh 
capacity by 2021, a three-fold and five-fold 
increase on today’s levels, respectively. 

Samsung SDI, Panasonic and LG Chem 
are all planning new lithium ion plant 
expansions, some of which are pre-existing 
plants that are being expanded and others 
being new greenfield investments. 

Samsung is looking to increase capacity in 

t NeW globAl litHium ioN bAttery CApACity uNder CoNstruCtioN 

Source: Benchmark Mineral Intelligence

more than $20bn has been committed to building new lithium ion cell capacity 
with more than 70% of new demand in China 
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This is vitally important if the same batteries 
are to go mainstream and be used in our cars 
and to power our homes. Public acceptance 
has to be there and with lithium ion it 
already is. 

There is the anecdote that NASA would 
only use older technology in the space 
cockpits that put man on the moon as it was 
known and trusted. The same can be said for 
why large corporations will never install the 
latest version of Microsoft Office across their 
networks for fear that a new bug could derail 
their whole operation. 

The same principle applies to lithium ion 
batteries in EVs and utility storage. 

n The road to commercialisation is long: 
In the past, batteries have taken decades 
to commercialise. For example, with the 
rechargeable lithium ion, it was invented 
in the early 1970s, commercialised by Sony 
for its Walkman in 1992, but only really took 
off in the mid-2000s and the advent of the 
smartphone era. 

While new chemistries are in the pipeline 
– including lithium air and lithium sulphur, 
the two most promising at present – there 
is very little chance of seeing a mainstream 
appearance in EVs or utility storage in the 
next decade. 

The Battery Technology Road Map from 
Panasonic (see page 48) shows when it 
expects the world to enter a post lithium 
ion era. They have it pencilled in for 2030, 
together with solid state batteries. 

n Lithium ion batteries are improving: 
Another major reason why we do not see 
competitors usurping lithium ion soon is 
because lithium ion batteries are getting 
better. We are just at the start of an advanced 
lithium ion era where investments in cathode 
and anode R&D are beginning to pay off. 

In terms of anode developments, the 
commercialisation of spherical graphite has 
not only allowed the costs to come down, 
but holds the potential to increase the 
anode capacity. Many companies are now 
looking into adding silicon into the graphite 
anode – up to 15% – to further increase 
this performance. However, there are many 
pitfalls with either pure silicon anodes or as 
an additive including its expansion ratio, lack 
of durability, and cost. We expect silicon to 
play a major role post-2020. 

of decrease to average 15-20% a year as the 
industry introduces significant scale into the 
manufacturing process.     

the risk of competing chemistries 
Benchmark receives many questions on 
whether lithium ion will be replaced by other 
battery technologies in the relatively near 
future. Our response is always no. 

This is for a number of reasons, which are: 
n A known technology for mass adoption: 
Lithium ion batteries of all chemistries have 
been known to the world for some time now. 
They have been tested in all cases, its highest 
profile problems – including Sony laptops and 
Boeing planes – have been exposed, and the 
public is comfortable with the technology. 

bAttery iNdustry groWtH: 2000 - 2015

Source: Avicenne
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adoption of lithium ion cells in the 
transportation sector has been the idea of 
a ‘holy grail’ for battery costs – what many 
believed to be $250/kWh. 

Although average industry costs are 
still slightly above this level there is now 
little doubt from the battery majors that 
this target can not only be achieved, but 
surpassed substantially by as early as 2020. 

Denise Gray, CEO and President of LG 
Chem Power, noted that the company 
has been working with major auto 
manufacturers to achieve cost savings 
through improvements in active materials 
and optimisation of both electrodes and 
other components. 

These developments, alongside the 
economies of scale the company intends to 
achieve through facility expansions in South 
Korea, China and the US (which will allow 
them to supply over 300,000 EV batteries), 
have seen the company rally around the cost 
target of $100/kWh by 2020. 

And while scale is central to the plans 
of all battery majors over the coming 

For cathode developments, a wide 
variety of new chemistries and tweaks 
within existing chemistries have vastly 
improved cathode performance over the last 
decade. Today, the mainstream lithium ion 
chemistries we see going forward are NMC 
(Nickel Manganese Cobalt) and NCA (Nickel 
Cobalt Aluminium). 

As a result, average energy density of 
a lithium ion battery has improved 5% a 
year between 1992 and 2016. There were 
also periods of improvement which were 
closer to 8%, such as when energy density 
increased from 360 Wh/l to 525 Wh/l 
between 2000 and the end of 2005. 

Changing cathodes 
Lithium ion has been the main beneficiary 
of growth in demand for rechargeable 
batteries, soaring to a capacity of over 60GWh 
in 2020 from around 10GWh in 2005, while 
competing technology predecessors such 
as NiMh have stagnated at less than 5GWh 
capacity. 

And this is before the market enters its 
real period of growth. 

Benchmark forecasts expect lithium ion 
capacities to at least double by as early 
as 2020, with mass scale expansions in 
production facilities and strong demand 
growth from the electric vehicle market. 

Both these developments, side by side, 
will address the final obstacle in attaining 
mass-market adoption – cost. 

Central to the concept of wide-spread 
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By as early as 2020, NMC could be 
employed in over 50GWh of lithium ion 
technologies for transportation alone – 
twenty times its levels today. 

In addition, Tesla’s use of an NCA cathode 
in its vehicles at the Gigafactory in Nevada, 
US, and China’s continued push towards LFP 
for use in e-buses will see substantial growth 
in these markets as well. 

And this is before the potential emergence 
of an even larger application in the form of 
utility storage devices. 

raw materials: specialities versus 
commodities 
Before looking into the specific raw materials 
that are used in batteries, it is important to 
understand that these are not commodities 
and there are some fundamental differences.

years, it is widely agreed that the marginal 
improvements in technology are what will 
drive cost savings post-2025. 

Forecasts from all battery and auto 
majors centre around lithium ion being the 
technology of choice until at least 2030. 

As Michael Fetcenko, Managing Director 
of BASF Battery Materials North America, 
outlined in his presentation on battery 
materials for e-mobility, “What’s next? 
Better and better lithium ion (batteries), we 
believe.” 

Central to these improvements will be 
further standardisation across cathode 
chemistries. 

Today, there are several different 
cathode chemistries being explored across 
the industry. However, there are four 
such chemistries stealing the march on 
alternatives. 

While the lithium-cobalt-oxide (LCO) 
chemistry has been, and will remain, a 
mainstay in the industry since its adoption 
in portable technologies in the 1990s, 
speakers agreed the beneficiaries of growth 
in the transportation sector would be 
nickel-manganese-cobalt (NMC), nickel-
cobalt-aluminium (NCA) and lithium-iron-
phosphate (LFP). 

Benchmark research suggests these 
cathode chemistries accounted for 56% of 
lithium ion capacity in 2015, with LCO still 
representing 33% of the market. 

As transportation overtakes consumer 
electronics as the leading application for 
lithium ion batteries, however, supply of these 
cathodes will experience exponential growth. 

▲
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A question of quality
Fundamental differences between niche 
minerals and traditional commodities are 
evident throughout their respective supply 
chains, beginning with the way in which they 
are mined. 

Where traditional commodities such as 
iron ore, copper and petroleum have long-
established supply chains, rooted in decades 
of exploration that has identified and 
developed significant resources across the 
world, niche minerals have been neglected 
for a generation. 

Many of these sectors have not seen a 
major new market entrant for over a decade 
and while the excitement surrounding 
emerging end markets has caused a surge in 
exploration since 2009, weak capital markets 
have stunted the progress of even the most 
unique of resources.

At the heart of this dearth in development 
lies the inability of investors to sever their 
ties to traditional mining project analysis. 

Bigger is not necessarily better when it 
comes to niche minerals. 

While the majority of commodity projects 
depend upon extraction and distribution 
on a vast scale, the precise properties of a 
resource are as critical to a niche mineral 
project as its size or proximity to market. 

As a result, existing critical mineral 
mines are generally smaller scale projects, 
supplying an established set of customers 
with defined requirements. This is in contrast 
to the majority of major commodity mines.

For example, the world’s largest iron ore 
project, the Hamersley mine in Australia, 
produced 163m tonnes in 2014. In 
comparison, the world’s largest graphite 
mine has a capacity of 50,000 tpa, no lithium 
projects exceed 65,000 tpa LCE production 
and the vast majority of the 90,000 tonnes of 
cobalt produced every year comes as a by-
product of copper and nickel plays.  

With emerging hi-tech end markets 
threatening to disrupt the existing supply 
structure in many of these industries, a 
diversification of resources will be required. 
Whether this could be on the scale of 
traditional commodities remains to be 
seen, but existing reserves would suggest 
otherwise.

Adding value
The starkest contrast between niche minerals 

and commodities lies in where value is added 
in their respective supply chains. 

Where commodity production is 
generally a volume game, niche minerals 
are refined, specialist products that require 
specific processing to ensure their efficient 
application. 

This is a difference which is only becoming 
more apparent with the use of these 
previously industrial minerals in emerging 
hi-tech sectors. 

Now, more than ever before, the secret 
behind niche mineral production resides 
in the hands of the processors. Supply 
security no longer refers to the ability of a 
producer to mine and deliver a product, but 
their ability to provide a consistent supply 
of tailored material which will maximise 
efficiency. 

Despite being a minor input cost into 
applications like lithium ion batteries, these 
materials are proving critical in improving 
performance, and in turn overcoming some 
of the major barriers to adoption. 

Few have the experience in these markets 
to recognise this in itself, not to mention to 
act upon it. 

The emergence of new markets with more 
refined needs is exposing not only a lack 
of resources, but also a lack of expertise 
to provide materials in line with end-user 
requirements, both old and new. 

▲

past and future: Gasoline powered bus 
in central Hong Kong outside of tesla’s 
most popular dealerships
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market maturity
The immaturity of these niche mineral 
markets relative to traditional commodities 
cannot be underestimated – everything 
from the way they are traded to their 
responsiveness to wider macro-economic 
developments differs. 

Where traditional commodities are largely 
traded on established platforms, making 
them subject to external instruments such as 
hedging and futures markets, niche minerals 

contracts are largely settled between 
producers and end users. 

Despite a longer-term shift towards 
shorter-term contracting, since the financial 
crisis companies have attempted to avoid 
tying up capital in raw material stocks, 
meaning the bulk of niche mineral material 
continues to be traded less frequently, 
usually bi-annually or quarterly.  

This antiquated approach to dealing 
makes niche mineral markets far more rigid 

▲

stacks of flake graphite concentrate lie in 
wait in shandong province, China, as the 
country’s producers build up spherical 
graphite capacities to serve the battery 
market
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than traditional commodities.
While this sees a much slower erosion of 

market in down-times, it also means that 
recoveries are often far more laboured. 

It is likely that, as demand for these 
materials increases, and competition 
between traditional and emerging 
consumers escalates, modernisation will 
occur. 

It is doubtful, however, that this will be a 
rapid process, with it generally working in 
the interests of established market players to 
preserve some element of opacity.

Until these established structures are put 
under increased scrutiny, evolution in the 
way these materials are traded is unlikely to 
occur at any speed. 

For these reasons, the markets for these 
minerals must be viewed as a different beast 
to bulk commodities. They are typically 
not exchange traded, largely inflexible and 
unresponsive in the short term. 

End-market developments can take 
months to be felt upstream, while supply-
side volatility can send shockwaves through 
the supply chain. 

price divergence
Traditionally, niche minerals have been tied to 
the fortunes of bulk industrial commodities. 
While not as responsive in the short term, 
the same end-market drivers have prevailed. 
In many ways, niche minerals follow in 
the footsteps of their bulk commodity 
counterparts. 

Today, however, we stand on the verge of 
a new era in the relationship between these 
different materials and, as such, their pricing 
structures. 

With the emergence of a new set of 
growth markets for niche minerals, the 
fortunes of these material prices are 
becoming further separated from the 
industrial commodities which once guided 
their fate. 

These niche minerals are not simply seeing 
demand growth from the emergence of new 
hi-tech markets, but experiencing a period of 
fundamental restructuring with the addition 
of a new layer of demand. 

The more crucial new markets become in 
the consumption of these raw materials, the 
further their pricing structures will deviate 
from commodities, forcing niche mineral 
markets on an increasingly disconnected 
trajectory. 

This has already become evident in 
markets such as lithium, which has bucked 
the trend of almost all other raw material 
markets and registered price increases in 
excess of 20% in 2015 alone. 

▲

ANode 
Carbon

Natural flake  
(spherical)
Synthetic

sepArAtor  
Polymer films

CAtHode 
Lithium chemicals

Nickel
Phosphate

Cobalt
Manganese
And more...

WHAt is A bAttery mAde of?

Source: Benchmark Mineral Intelligence 

Hard rock lithium in Australia: a sample 
of Neometals spodumene which will 

end up being chemically processed by 
ganfeng lithium for use in lithium ion 

batteries
 



     Chile

     Australia

     Argentina

     Others

BENCHMARK sEptEMBER 2016 | 53www.benchmarkminerals.com

Lithium ion 

While other areas like the flake graphite 
sector remain largely dependent on their 
industrial foundations, structural change is 
fast approaching, separating their fortunes 
from their industrial end markets towards 
a sector built on the foundations of hi-tech 
growth.

the Question of Commoditisation 
Arguably by the very definition of a 
commodity, a certain level of homogeneity 
between different products must exist. 

No such homogeneity exists in the vast 
majority of niche raw material markets 
today. 

The unique requirements of different end 
users dictate that specifications can vary 
considerably between end users creating the 
same application, not to mention different 
end markets. 

This is a separation that has only been 
amplified by the emergence of a new set of 
hi-tech markets which, in many cases, are 
still trying to define the optimum material 
they require. 

This lack of industry development in many 
critical mineral markets not only increases 
the rigidity of existing supply structures but 
raises barriers to entry for new suppliers 
seeking to spend capital on mining rather 
than R&D. 

Although the attention paid to the niche 
minerals over the past 3-4 years has seen 
some level of commoditisation occur, these 
markets are still far from having established 
industry standards. 

The nature of these materials and the role 
they play in various applications makes it 
likely that we will never see these materials 
commoditised to the same extent as today’s 
bulk commodities. 

These niche minerals are increasingly 
becoming unique, refined, and advanced 
raw materials that can serve a range of 
markets. 

This potential can be regarded as a major 
opportunity; however, misunderstanding the 
fundamental nature of these markets can 
present a new range of hazards. 

Battery raw materials 
Batteries consume a wide variety of minerals 
and metals in their major anode, cathode, 
separator and electrode components. 

The two most raw-material-intensive 
products are the anode, made from graphite, 

and the cathode, which is a blend of a 
number of metals based on lithium. 

Until now, these industries have been 
niche, speciality chemicals that are 
negotiated in private contracts between 
the buyer and seller. The significant growth 
expected in lithium ion batteries is forcing 
these speciality producers to significantly 
expand production and re-evaluate their 
entire supply chain, which must evolve to 
meet the new demand. 

Lithium / Cathode supply  
Lithium supply is from two sources: liquid 
brine and hard rock. 

The industry produces a wide variety 
of chemicals based on lithium carbonate 
raw material, including lithium hydroxide, 
lithium bromide, lithium chloride and 
lithium sulphate. As a result, the industry 
measures lithium supply in common units of 
lithium carbonate equivalent (LCE). 

Lithium carbonate and lithium hydroxide 
are the two mainstream raw materials 
and are both used in lithium ion battery 
cathodes. 

Brine, primarily from South America, was 
the leading sources of lithium in 2016 with 
an estimated 50% of supply from Chile 
and Argentina, the major producers in the 
region. 

Chile, through SQM and Albemarle 
(formerly Rockwood Lithium), accounted 
for 37% of global output, extracting from 
continental brine sources in the Atacama 
Desert. These are huge salt flats (halite) 
which act as a sponge, collecting the 
mineral-rich water that washes into a 
closed basin from the surrounding volcanic 
mountain ranges.

Lithium, potash and magnesium are 
the primary minerals mined from these 
resources.  

FMC Lithium is the major producer 
in Argentina, accounting for 10% of the 
world’s mined lithium, while new producer 
Orocobre is contributing volumes to the 
market as it ramps up production in its 
second year of operation. 

With a new government in 2016, 
Argentina is one of the lithium industry’s 
great promises for new supply with a 
number of new potential entrants including 
Lithium Americas (now in partnership with 
Chile’s SQM), Lithium X Energy, and Galaxy 
Resources. ▲
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Hard rock lithium, spodumene mineral 
mined from petalite ore, is produced from 
one large mine in Australia.  Talison Lithium 
operates this mine and produced 65,000 
tonnes of lithium supply (LCE) in 2016. 

The mine is a strategic source of lithium 
as it is owned by Chinese lithium chemical 
producer Sichuan Tianqi (51%) and US 
chemicals company Albemarle (49%). The 
vast majority of output is destined for the 
Chinese market and chemical conversion 
into a number of downstream lithium 
chemicals. 

China does not have any significant 
domestic lithium resources either in brine 
or hard rock form. While the country has 
increased its domestic lithium output in 
recent years, it is marginal compared to the 
rest of the world. 

The Qinghai salt lakes in China’s west have 
long been touted as a potential significant 
source of lithium as it hosts 77% of its 
resources. However, commercially it has 
failed to take off in any way, mainly due to 
the unfavourable chemistry compared to 
other sources in South America. 

The source has seen over $1bn invested 
in commercialisation attempts over the last 
decade with no significant results. Most 
recently, EV producer BYD were eyeing a 
stake in the source in an attempt at supply 
sufficient for the country. 

But realistically, with the known lithium 

resources in the country, China will always 
be heavily dependent on lithium imports.

Bolivia has also been a high profile 
potential source, commonly being dubbed 
the Saudi Arabia of lithium in relation to its 
Salar de Uyuni hosting the world’s largest 
lithium resource. 

The reality is that, to date, it has been 
another high profile failure of the industry 
with numerous problems dogging its 
commercialisation, including a high lithium 
to magnesium ratio and government distrust 
over foreign investment and technical 
partners. We do not expect Bolivia to be a 
major producer of lithium in the medium 
term. 

Lack of expansion from brine producers 
and explorers has meant the industry has 
turned to hard rock sources to fill the supply 
gap in recent years. 

Australia’s Talison Lithium has been the 
biggest beneficiary of this, but it has also 
pushed a number of development  
stage companies on the edge of new 
production. 

Galaxy Resources and Neometals, both 
with operations based in Western Australia, 
are now on the verge of new production 
from their respective mines and both have 
Chinese backing through off-take deals and 
equity stakes. Both companies have been 
developing their resources since the first 
lithium boom of 2009-2010. 
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Pilbara Minerals, a newcomer to the 
lithium space, has been one of the brightest 
performers on the stock market, primarily 
down to a large spodumene resource and 
supply agreements. 

In Canada, another global hotspot for 
hard rock lithium exploration, Neometals 
has led the industry’s development in this 
region having secured $6m investment from 
Johnson Matthey for their spodumene mine 
and hydroxide plant. The company also 
has significant backing from the Quebec 
government, which wants to turn the 
province into a North American lithium hub. 

Exploration in the US has been focused on 
Nevada and specifically Clayton Valley, which 
hosts lower grade brine resources to South 
America. 

The area has been a focus for Tesla due 
to its locality to its mega-battery plant, 
Gigafactory 1, and it resulted in a supply 
partnership being signed with Pure Energy 
Minerals pending financing of its project. 

Lithium is also found in other forms such 
as clays and geothermal brines. 

Bacanora Minerals, another Tesla supply 
partner, is developing a significant lithium 
clay resource in northern Mexico and is 
targeting a 17,500 tpa carbonate plant. 

Meanwhile in California, Simbol 
Materials – a failed acquisition target for 
Telsa – could be seeing a return to the 
lithium development sector after years of 

mismanagement. The private company, 
which is seeking to extract lithium from 
geothermal brine, is the subject of a new 
takeover bid which could see it raise the 
$400m need to get into production.  

demand and prices 
When lithium ion batteries overtook glass and 
ceramics as the industry’s primary market in 
2010, it was a watershed moment for lithium. 

The surge in lithium ion battery 
production in the mid-2000s – through our 
growing hunger for smartphones, laptops 
and tablets – saw demand growth jump from 
5% pa to a consistent average of 8% pa. 

It was a growth trajectory that was 
continuously underestimated by the majors, 
resulting in a strengthening lithium price 
throughout the late 2000s. When the 
financial crash impact took hold in 2009, 
demand weakened and prices fell for the 
first time in the decade. 

However, in this same period, the industry 
saw the birth of the full electric vehicle 
through the Nissan LEAF, an entirely new 
market that used 16kWh batteries. 

Once consumer spending regained its feet 
in the years following the crash, lithium’s 
price reacted strongly, increasing year-on-
year between 2010 and today. 

Between 2014 and 2016, owing to lithium 
ion battery demand from mobile technology 
and now pure EVs, lithium has fallen into 
the most severe shortage in recent memory 
and prices have increased four-fold inside 
China and three-fold in the rest of the world 
contracts. 

As of August 2016, according to 
Benchmark Mineral Intelligence lithium 
prices collected to a methodology, lithium 
carbonate prices were between $20-25/kg 
within China and $12-15/kg in the rest of the 
world. 

Meanwhile, lithium hydroxide prices were 
$25-30/kg inside China and $16-20/kg in the 
rest of the world contracts. 

As of July 2016, the BMI Lithium Price 
Index stood at 191.6, up 89% year-on-year. 

Benchmark’s medium term forecast for 
both grades is upward. 

Cobalt / Cathode 
Much like lithium, batteries are the single 
largest end use for cobalt and have been the ▲
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main driver of growth in the industry over the 
last decade. 

Cobalt is used as an additive in the 
mainstream lithium ion cathodes of NCA 
(Nickel Cobalt Aluminium), NMC (Nickel 
Cobalt Manganese), and LCO (Lithium Cobalt 
Oxide). 

Cobalt is a critical component of the 
cathode because it acts as a binder for the 
lithium ions and allows ions to move  
from the cathode to anode during  
discharge.  

Cobalt supply has come under scrutiny 
of late following a report by Amnesty 
International which exposed the fact that 
some cobalt found in smartphone batteries 
was linked to child labour in the DRC. 
While the industry recognised that small 
proportions of cobalt supply does come 
from these controversial sources, it stressed 
that the vast majority of supply is still mined 
and traded in a responsible way. 

The issues with child labour conflict 
minerals will continue to weigh heavy on 
cobalt. 

supply 
Cobalt is produced as a by-product of copper 
and nickel production. The first step is 
mining and primary processing to reach an 
average concentrate of 6-10% cobalt content. 
The second stage is refining the cobalt 
concentrate to 20-30% content. 

In 2015, the last full year of production, 

102,000 tonnes of cobalt (all forms) of 
which 59% was mined from the Democratic 
Republic of Congo (DRC) as a by-product of 
copper production. 

Outside of the DRC, there are no 
significant production hubs with the second 
largest producer, Canada, accounting for 9% 
of total supply. 

Other producers include Russia, Cuba, 
Australia and the Philippines. 

In total, cobalt is mined in 14 countries. 
But cobalt is a conundrum for the DRC. 
Firstly, having over half of the production 

from one country is a recipe for volatility and 
supply insecurity. This was last seen in 2008 
when cobalt rocketed from $11/lb to over 
$52/lb in an 18-month period on the back of 
instability in the country. 

China Molybdenum has made recent 
moves to secure long term supply for its 
domestic battery industry by acquiring 
Freeport McMoran’s Teneke mine in DRC 
for $2.65bn and with it 20,000 tonnes of 
additional cobalt capacity. 

The move puts China to the number one 
spot for countries that control the most 
cobalt supply, leapfrogging both Canada 
and Switzerland. 

The second reason is lack of supply chain 
transparency. 

Despite having some of the world’s largest 
mining companies producing cobalt, the 
way cobalt is mined and traded in the DRC 
will also ask the questions of whether they 

▲
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are linked to the conflict in the country or 
illegal practices such as child labour. 

The industry has been proactive in 
signing up to a code of conduct through the 
Cobalt Development Institute (CDI), which 
warned of an “unjustified stigmatisation” of 
producers who follow strict standards. 

“There is a risk of unjustified 
stigmatisation of all cobalt producers, 
including those in the CDI and International 
Council for Mining and Metals (ICMM), who 
for many years have followed strict corporate 
policies against the use of child labour and 
in the respecting of human rights,” the CDI’s 
president David Weight explained. 

“Not only could this stigmatise the use 
of cobalt generally, to the detriment of the 
wider industry as a whole, but also those 
operations where the cobalt is mined and 
processed legitimately in full compliance 
with local regulations for health and safety 
and the protection of the environment,” he 
added. 

The significant lack of alternative large 
scale, low cost supply, however, means the 
industry will continue to mine in the DRC, 
but ever increasing regulation will make it 
more restrictive  

The US has had conflict minerals 
legislation for a number of years; however, 
it does not specifically cite cobalt but rather 
the “3TGs” minerals of tin, tungsten, and 
tantalum plus gold. 

The EU is expected to enact a much 
wider-reaching conflict minerals legislation 
in 2016, which includes more countries and 
more minerals than the US legislation. 

Unlike lithium and graphite, there are only 
a handful of explorers of new cobalt mines, 
including Canada (Fortune Minerals, Global 
Energy Metals, Formation Metals, Belvedere 

Resources) and Australia (Broken Hill 
Prospecting, Panoramic Resources, Poseidon 
Nickel, Metallica Minerals, Tiger Resources). 

No dedicated cobalt mines yet exist with 
the majority of production from nickel and 
copper operations. 

demand and prices 
The cobalt industry is a split camp. 

On one side you have traditional cobalt 
metal manufacturers producing superalloys, 
binders, catalysts to mature, and industrial 
markets that have struggled to offer any 
significant growth in recent years. 

In the other corner, you have cobalt’s 
chemical manufacturers supplying a fast-
growing new market, the battery sector. 

The industry is further fragmented by 
believers and non-believers of the lithium 
ion revolution and a surge in battery 
applications outside of smartphones, 
powertools, laptops and tablets.

Cobalt’s future growth as a key component 
in lithium ion batteries relies on electric 
vehicles, homes and the commercial world 
using energy storage in ways never seen 
before. 

New markets and new demand is a 
challenge for the well-established cobalt 
industry to consider and, most importantly, 
invest in. 

Despite a compound annual growth rate 
in production of over 5% since the mid-
1980s, the sector’s traditional end market, 
metal production, has been slowing, pushing 
supplies into surplus.  

The growing needs of the battery sector 
– which grew by over 9% in 2014 – has 
insulated the cobalt industry from slowdown 
in industrial demand. However, slower than 
expected uptake of large-scale battery 
applications, namely electric vehicles, has 
left many industry players sceptical over the 
further growth potential of batteries. 

Scepticism is deep-rooted among 
producers who, despite rallying calls from 
major battery consumers, remain wary of 
depending on an evolving market with a 
variety of battery chemistries, some of which 
do not use cobalt as part of the cathode 
makeup. 

While these fears may carry some weight 
in the longer term, consumption patterns are 
likely to dictate that battery uncertainties 
can no longer be ignored.  

Over the past five years alone, cobalt’s 

▲

NmC

Cobalt other

proportion of cobalt in cathode (by value)

lCo NCA

WHAt proportioN of CAtHode Costs Come from CobAlt?

Source: Benchmark Mineral Intelligence 



     Natural spherical graphite

     synthetic graphite

     other     

FEATURE

58 | september 2016 beNCHmArK www.benchmarkminerals.com

battery grade consumption has increased 
three-fold, and this growth looks set 
to continue considering the battery 
megafactories in the pipeline.  

For example, the Tesla Gigafactory 1 alone 
will need 7,000 tonnes of battery grade 
cobalt each year when it is operating at 
capacity and that does not take into account 
the material the company would want to 
stockpile. This equates to at least a 15% 
increase in battery grade cobalt demand 
from one customer. 

With this growth will come further 
disruption to the traditional market 
structures that have developed in cobalt 
over the last 30 years. 

In short, a new, more secure supply chain 
for the modern era will need to be created, a 
task that includes new mines, new refineries, 
and a more transparent supply chain.

price volatility 
Today, cobalt metal prices remain at a low of 
$10-12/lb, but with battery demand soaring 
and supply falling with cutbacks on copper 
output, it leaves many questioning when the 
industry will return to the higher prices of the 
recent past. 

In 2008, high grade cobalt metal prices 
soared to over $50/lb before the effects of 
the global economic crisis forced prices back 
below the $20/lb mark in 2013.  

 If a price cycle on this scale was to occur 
again, battery producers could be forced 
to move towards non-cobalt cathodes like 
lithium manganese oxide (LMO) or lithium 
iron phosphate (LFP). 

However, the reality is that it would 
require prices to increase substantially in 
the short term and be coupled with severe 
long-term doubts for battery producers 
to totally abandon the technology they 
have developed over the last two decades 
– especially as they now stand on the 
precipice of a new era in demand. 

Lessons can be learned from rare earths, 
which has experienced a more extreme yet 
similar situation. 

In 2010, prices escalated to all-time highs 
on the back of supply restrictions in China. 
While the price of some rare earth elements 
rose by over 700% in 12 months, large end 
users such as Siemens AG and Boeing were 
reluctant to stop using the raw materials. 
They did, however, ramp up research in 

substitute materials that could have an 
impact in years to come. 

In a sense, necessity is the mother of 
invention and cobalt would want to avoid a 
rare earths situation by forcing its consumers 
to look at cobalt alternatives. 

Shifting away from a cobalt cathode, 
as of yet, has become neither realistic nor 
conducive to the development of new end 
markets.  

In order to avoid this type of obstacle, the 
cobalt market will be required to develop 
new resources – a tough ask considering the 
state of public markets today.  

graphite /Anodes 
Graphite (carbon) is the largest raw material 
input by volume into a lithium ion battery cell 
and makes up the majority of the anode. 

Battery-grade or anode graphite can 
be sourced either from naturally mined 
and processed graphite or man-made 
synthetically produced material. 

In the graphite industry, the natural and 
synthetic camps are very different industries 
with little crossover. 

The way each product is created and the 
markets they are sold into are very different, 
except for lithium ion battery anodes – the 
only market where both sides battle it out 
for dominance of the new hyper growth 
market.  

Natural / spherical graphite 
Natural graphite is also known as flake 
graphite. This is a physical and chemical 
process that turns flake graphite into 
spherical graphite. 

At present it takes a little over two tonnes 
of flake graphite to make one tonne of 
spherical graphite; however, new processing 
developments are expected to improve this 
yield closer to 70% rather than today’s 40% 
level. 

These spheres are then sold to an anode 
manufacturer or trading company and made 
battery ready by coating them with a carbon 
film, adding stability and conductivity to the 
spheres. This product is then sold as anode 
material or coated spherical graphite at a 
price in excess of $7,000/tonne.  

China produces 100% of uncoated 
spherical graphite and it accounts for 65% of 
the anode market. 

▲ ANode mArKet iN 2015
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The main reason for this lack of diverse 
production in the market is a result of China 
being a low cost source of flake graphite 
feedstock. 

The country produces 66% of the world’s 
output of flake graphite and only Brazil rivals 
the country as a volume producer of the 
material with a 25% share. 

The world’s largest graphite producers 
include Aoyu Graphite Group, BTR New 
Energy Materials, Qingdao Black Dragon and 
Nacional de Grafite. 

Europe and the US are dominated by 
processing and trading companies that 
source flake graphite from China and value-
add into a number of products that serve 
industrial and hi-tech markets. Major players 
in this area include Asbury Carbons, Superior 
Graphite, Imerys Graphite & Carbon, 
Graftech, SGL Carbon, Georg H Luh, and 
Technografit. 

AMG Mining / Graphit Kropfmühl also 
sources from China but also owns small to 
medium sized mines in Africa. 

Since the price spikes of 2011, when 
flake graphite doubled in cost over a 
12-month period, there has been significant 
exploration for the world’s next generation 
of graphite mines. 

This exploration has centred on East 
Africa, Canada and Australia and has 
been led initially by Canadian (TSX-V) and 
Australian (ASX) developers. 

Leading developers include Syrah 
Resources, which is the only fully funded 
new mine development, as of July 2016, 
located in Mozambique. The company is 
building the world’s biggest graphite mine 
(380,000 tpa capacity) with a focus on 
producing 30-50,000 tpa spherical graphite 
for the lithium ion market with a plant in 
Louisiana. 

Other announced spherical graphite 
plants include Alabama Graphite’s plan in 
the US to establish a 15,000 tpa  
operation. 

Other graphite mine developers who 
have a focus on the battery space include 
Magnis Resources, Black Rock Mining, 
Kibaran Resources, Talga Resources, Ontario 
Graphite, Graphite One Resources, Mason 
Graphite and Eagle Graphite. 

In Canada, an alliance of four graphite 
development companies – Elcora Advanced 
Materials, Northern Graphite, Nouveau 
Monde Mining Enterprises, and Metals of 

Africa – have partnered with Coulometrics to 
jointly acquire a spherical graphite mill with 
the goal of producing coated material “end 
to end in North America”.

The alliance is at an early stage and is 
seeking to have its material fully qualified by 
lithium ion battery producers.

synthetic graphite: 
Synthetic graphite is produced using a 
feedstock of petroleum coke and coal tar 
pitch, both by-products of oil and coking coal 
production, respectively. These carbon raw 
materials are mixed with a binder, usually 
coal tar pitch, and baked at temperatures 
exceeding 2,500 C. 

For synthetic graphite’s primary product, 
steel electrodes – large rods to melt scrap 
– this graphitized raw material is extruded 
in rods. This process is energy intensive and 
can take up to 3 weeks to produce with the 
majority of this time taken up by the cooling 
of the rods. 

However, for battery grade material the 
higher quality carbon raw materials are 
specifically chosen and are formed into 
blocks and baked at 700-900C. Once this is 
achieved the stock is then graphitized by 
temperatures of up to 3,200C to achieve a 
specific shape and density. 

This material is then micronized to a 
specific size required for each different 
battery consumer – usually between 10-25 
microns. This product is sold to battery 
producers for between $10,000 and $16,000/
tonne. 

The cost of production is more than 
double that of producing coated spherical 
graphite, the equivalent competing product. 

Japan, China and the US are the major 
producers of battery grade synthetic 
graphite and it accounts for 34% of the 
anode market. 

 

multi-billion-dollar convergence 
underpins demand
A major factor in the battery megafactory 
race is the disruption caused by Tesla.

The company is not a traditional car 
manufacturer. The entry into the auto 
industry of what was, back in 2006, a Silicon 
Valley start-up, has caused major disruption 
to a mature industry, forcing established 
companies such as General Motors Co. (GM) 
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and Nissan Motor Co. Ltd to act in the EV 
space.  

Tesla Motors is also not a traditional 
battery producer, yet the turbulence caused 
by its Gigafactory plan has also sparked 
major battery producers discussed here, to 
re-evaluate their plans and invest significant 
sums of money into expansions. 

It is a classic case of technological 
disruption. 

Yet while the majority of the public 
initially saw Tesla disrupting the auto 
industry, its impact on the battery and 
energy storage industry is arguably greater.  

The convergence of three multi-billion 
dollar industries of auto, technology and 
energy on batteries is a critical point. 

Not only does it provide new funds and 
new competition, but it takes the problems 
of battery supply that has restricted demand 
uptake and views it with fresh eyes. 

This disruption sparks others into action. 
Tesla CEO, Elon Musk, explained the 

impact its first EV, the Roadster, back in 2008, 
had on the industry:

“When we first announced the Roadster, 
Bob Lutz of GM saw it and told his engineers 
that if a small company in California can do 
it, so can GM. That’s what got the [Chevrolet] 

Volt rolling and that in turn got Nissan to do 
the LEAF.

“It’s what we induce others to do that will 
have a greater impact than the cars we make 
ourselves.”

This impact can now be seen quite 
evidently on the battery industry.

 

rise of the tech-industrialists 
This convergence has given rise to what 
Benchmark terms the Tech-Industrialists, 
a new generation of multi-discipline but 
technology-centric companies that are 
evolving to become a part of our everyday 
lives.  

Google, Apple, Facebook, Tesla, and 
Amazon are all now household names. 

The status of oil and gas majors, 
pharmaceutical companies and major 
conglomerates have all been put to the 
sword by the rise of these technology-centric 
companies as they have evolved from their 
Silicon Valley origins to shape our futures for 
communication, transport, energy storage 
and commerce. 

In less than a decade, they have risen 
to become the world’s most powerful and 
influential companies and a generation 

tHe evolviNg siliCoN vAlley set 

Source: Benchmark Mineral Intelligence 
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the evolution of the silicon valley set into many industries including auto and energy is underpinning 
fundamental changes to the way we consume power, to which batteries are central

▲
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has grown up unfamiliar with names like 
ExxonMobil and GE, and seeing Microsoft as 
a poor cousin to Apple. 

The development has been so rapid, 
there has been little time to reflect. But as 
we stand today, Google controls our usage 
of the Internet, Apple has made our life 
interconnected and mobile, Facebook has 
revolutionised the way we interact with 
human beings, Amazon has fundamentally 
shifted the way we buy things and Tesla is 
changing the way we use energy. 

In the last five years alone, these Silicon 
Valley companies have grown to market 
capitalisations in the hundreds of billions of 
dollars and have come to dominate the table 
of the world’s most valuable companies.  

For the first time in history, the top three 
most valuable companies in the world are 
Silicon Valley-based technology-based 
groups: Google, Apple and Facebook. 

In fact, ExxonMobil held the top position 
for seven consecutive years until 2012 when 
Apple’s iPhone-powered rise usurped the 
energy group. In the previous periods in the 
late-1990s to mid-2000s the top spot was 
regularly shared between ExxonMobil, GE, 
and Microsoft. 

But with Apple retaining the world’s most 

valuable status since 2012, a title that was 
only recently taken – for a brief period in 
February 2016 – by Google (now trading 
under Alphabet), we have further proof that 
we now live in a different world, a world 
which is now being moulded by Silicon 
Valley and the rise of the Tech-Industrialists.

And their tentacles are spreading further. 
Google’s self-driving cars are now being 

trialled on our roads, Apple is widely tipped 
to be about to enter the auto industry with 
its Titan electric vehicle project, Facebook 
is aggressively perusing both artificial 
intelligence and virtual reality technologies, 
Amazon is one of our biggest providers 
of data storage, controlling vast swathes 
of farms that collect and host all of our 
information, and Tesla is now not only 
developing mass scale electric vehicles but 
battery systems that can power our homes. 

We are in an industrial renaissance period 
that has forced a convergence of disciplines 
and resulted in rapid and significant 
innovation. 

The rate of change has been so rapid that 
we have barely had time to reflect on it and 
batteries and energy storage are critical 
components of many major plans by these 
companies. 
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While pure electric buses are now common place 
in China, Europe’s cities are far behind. London 
has plans to roll out electric buses made both by 
Chinese and Indian companies within the UK. 

Pictured is the new H98 electric bus with a 138kWh 
battery pack with an LFP chemistry, much like those 
in China.  

Credit: TFL

LoNdoN goES ELECTRiC

electric vehicles 



FEATURE

64 | september 2016 beNCHmArK www.benchmarkminerals.com

WHO WINS IN 
THE DEBATE 
OVER GROWTH 
VERSUS 
PROFITABILITY?

by CHRIS BERRY
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– invest in a unicorn and generate a high 
return but sacrifice liquidity, or invest in an 
established company and generate returns 
through a “sit and wait” strategy of dividends 
and share buybacks. I would argue both 
strategies are unsustainable. 

 

New tech paradigm to the rescue?
The reasons for this investing paradox 
are multiple but have a lot to do with the 
ubiquity of technology. The past decade 
has seen a technological shift unlike any the 
world has seen since perhaps the advent 
of the Industrial Revolution in the mid-
eighteenth century. 

The ensuing technological age has 
increased the average citizen’s quality of life 
(QOL) exponentially. 

In the New York Review of Books, 
economist William Nordhaus stated:

“According to the economic historian 
Bradford DeLong, from the first rock tools 
used by humanoids three million years ago, 
to the earliest cities ten thousand years ago, 
through the Middle Ages, to the beginning of 
the Industrial Revolution around 1800, living 
standards doubled (with a growth of 0.00002 
percent per year). Another doubling took 
place over the subsequent period to 1870. 
Then, according to standard calculations, the 
world economy took off.”

Mr. Nordhaus is discussing Robert Gordon’s 
recent tome titled “The Rise and Fall of 
American Growth: The US Standard of Living 
Since the Civil War”. 

Investors are betting that some of the en 
vogue technologies of today such as cloud 
computing, electric mobility, or renewable 
energy can deliver similar productivity gains 
to society and continue to make life “better” 
for the average citizen.

Looking at the largest companies in 
2016 on the NASDAQ would indicate that 
market participants have placed their faith in 
technology companies to create wealth (and 
value) going forward:

 Fifty years ago some of the largest 
companies included General Motors, Ford 
Motor Company, Exxon Mobil, General 
Electric, and Chrysler. Clearly, times have 
changed and while companies like General 
Motors still exist and successfully compete 
on the global automotive stage, investors 
are placing a premium on the dynamism and 

etting to profitability is the 
only way to build a sustainable 
business…”

UBER CEO Travis Kalanick in 
response to Uber’s merger with 

Didi Chuxing

As convergence across industries continues 
apace and business models evolve, Travis 
Kalanick’s statement above is a reminder to 
investors in early stage companies. As start-
ups across various industries attain unicorn 
status – a valuation of at least USD $1 billion 
– the argument around growth at all costs 
versus profitability has become louder. There 
are over 170 unicorns in existence today, so 
the hunt for the “next big thing” is indeed on. 
With an abundance of cheap capital looking 
for yield, many investors appear to have set 
aside a preference for profitability in favour of 
parabolic growth. The 20 largest unicorns (all 
privately held) are shown on p67. 

 Given these valuations, is this preference 
for growth over profitability wise? How do 
you appropriately value a disruptive business 
model against traditional  
industries? This piece examines in greater 
detail how companies grow in this brave new 
world and which is an optimal investment 
strategy – pursuing growth or pursuing 
profitability. 

There is a paradox in global commerce 
today where young companies (the primary 
job creators) are eschewing profitability 
in favour of gaining market share or scale. 
Uber is one such example, having lost 
approximately $1.2 billion USD in the first 
half of 2016 trying to gain market share in 
China. This is a company with an estimated 
$60 billion valuation. Any of the unicorns 
listed above would likely also follow the 
same model – haemorrhaging money in 
a bid to take market share from industry 
incumbents. While this model isn’t new, the 
lofty valuations for unproven business models 
are reminiscent of the dot com boom. That 
didn’t end well.

S&P 500 companies (ex-financials) had 
a cash balance of $1.45 trillion in 2015 
according to FactSet – which was the largest 
cash total in ten years. In many cases, this 
cash is sitting on the balance sheet and many 
companies are issuing cheap debt to finance 
share buybacks or dividends. This is the new 
wealth creation paradigm in capital markets 

G
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(automotive, natural resources, technology) 
have seen how their industries are being 
disrupted. A mix of new entrants and 
consumer choice is forcing changes and 
these companies are responding through 
investment rather than total reinvention. 
Because of this, most unicorns will become 
acquisition targets of existing businesses – as 
long as they can demonstrate profitability. 

growth in the technology sector relative to 
others. 

But where will the next Apple or Amazon.
com come from? Furthermore, what is the 
optimal business model to look like? If history 
is our guide it’s likely to originate with two 
roommates in a dorm room with an idea and 
capability to scale quickly. With a mixture 
of cheap capital and ubiquitous technology 
it’s more likely than not that the largest 
companies in the world ten years from now 
will be a different list than the ones listed 
above, complicating investment strategy 
somewhat.

Technology companies can grow quickly (in 
the case of Apple), making capital allocation 
decisions around growth versus profit 
challenging. 

The iPod/iPhone franchise became so 
successful that company management 
needed an activist investor in Carl Icahn to 
force the company to spend and attain a 
higher valuation.  Given that iPhone sales 
are now on the decline, watching to see 
what Apple does to innovate through a build 
versus buy strategy will be telling for the 
future of the company.

build or buy?
Growth can be organic (think iPhone 
introduction) or it can be bought. It would 
seem that the latter is more popular right 
now amidst industry shifts in the automotive 
sector in particular. There are an increasing 
number of companies in the automotive/tech 
sectors that are buying growth, including:

n Samsung Electronics equity infusion in  
 BYD for $450 million and talks to buy  
 Magneti Marelli from Fiat-Chrysler
n Ningbo ShanShan in talks to purchase a  
 stake in Chilean lithium powerhouse SQM
n Total SA, an oil and gas super major,  
 purchasing French battery maker SAFT for  
 $1.1B USD
n Uber China merging with Didi Chuxing 
n Delphi Automotive and Mobileye  
 collaborating to develop a fully   
 autonomous driving system
n General Motors investing $500M USD in  
 ride sharing company Lyft

This is an admittedly short list, but the 
point is that established disparate businesses 

Company                                     market capitalisation($bn)

Apple inc 
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microsoft 
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Facebook 
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strategically sensible, but financially foolhardy 
move by Tesla management to diversify its 
business. 

So is the company doomed, tied to the 
need for endless capital raises to survive? 
Or still in its growth phase and deserving of 
its $33 billion market capitalization? Value 
investors would say no, it isn’t deserving, but 
they’ve missed out on triple digit returns. 

the future ain’t what it used to be
Ultimately, the debate between growth and 
profitability will be ongoing, which makes it 
such a fascinating topic of discussion. This 
debate only grows in intensity and depth as 
established industries continue to clash and 
converge with new industries, creating new 

Know when to say when
It is entirely justifiable that start-up 
companies shouldn’t be expected to generate 
cash flow early in their life cycles; however, 
as multiples grow and comparisons to 
mature companies become common, an 
expectation of “when” a company will be 
profitable is entirely justified. Exponential 
growth early in a company’s life cycle should 
lead to profitability which in theory will be 
ploughed back into the business to innovate 
and drive further growth – a virtuous cycle. 
But how long should investors wait before 
demands for profitability outweigh those of 
exponential growth?

Perhaps no company today better 
personifies this debate between growth and 
profitability than Tesla. 

Founded in 2003, the company has sold 
approximately 140,000 automobiles in its 
lifetime and is one of the few publicly traded 
companies that elicits strong opinions 
from both proponents and haters alike. The 
dichotomy of opinion likely has to do with the 
fact that while Tesla has built an incredible 
product in an electric vehicle, the financials 
behind this growth look less than promising, 
to say the least. 

Investors in Tesla must struggle with 
a fundamental question: Which is more 
important – building a product that consumers 
will pay a premium for (though is a money 
loser), or becoming self-sustaining by 
generating ample free cash flow? Again, Mr. 
Kalanick’s words ring true. Tesla has returned 
885% since its IPO in June 2010 while burning 
billions of dollars and leveraging subsidies and 
tax breaks to grow its business. That’s okay, 
because Tesla is investing in its future through 
investment in capital-intensive activities such 
as the Gigafactory. However, ultimately Tesla 
must become profitable on a top line, bottom 
line, and cash flow basis to be sustainable. 
Otherwise, when capital availability dries up, 
investors will run for the exits. 

Tesla’s success has forced the automotive 
industry to “wake up” with every major 
OEM declaring their intentions to electrify 
their fleets in the coming five years. With 
dozens of automakers scaling up their own 
EV capabilities (reportedly 200 in China 
alone), how long will it be before Tesla’s lead 
in the EV space is eroded? Likely not long, 
and that may be the reason behind the 
company’s proposed take out of Solar City –  a 

▲

FLiGHt or CrAsH LANdiNG?Amazon has optimised the trend of 
growth over profit for 21st Century tech 
companies that are now evolving out of 
their traditional routes. pictured is the 
latest delivery method for the company, 
a Gps guided drone



beNCHmArK september 2016 | 69www.benchmarkminerals.com

environment. The fact that many of these 
companies have large market caps and a 
history of profitability is positive in that it 
implies innovation, even though it may be 
incremental rather than transformative. 

High growth rates early in a company’s life 
cycle are important to capture market share, 
but this market share won’t be maintained 
or grow without profits to drive back into 
the business. Profit (and by extension, cash) 
drives a business’ long term viability.

Any self-sustaining company should be 
able to generate a return for its investors 
above the cost of capital and in so doing, 
generate wage growth, enhancing the overall 
productive capacity of an economy. This tech 
convergence is hugely bullish for mankind, 
but it’s not so clear for investors. 

business models and a search for appropriate 
valuation metrics. 

Ultimately, most of the unicorns in 
existence today will not survive for a host 
of reasons, but this entrepreneurial drive is 
what has pushed QOL higher throughout 
the world for centuries.  Despite worries 
over Tesla’s financial sustainability and its 
inflated valuation, the company ought to 
be applauded for forcing other industries 
(automotive, technology, etc.) to rethink their 
existing business models and evolve as new 
markets are created.

The “churn” we are seeing across the 
automotive, tech, and raw materials sectors 
is a good thing as it means companies 
are intent on investing in new markets 
and driving returns in a low interest rate 

gRowTh v pRoFiTAbiliTy
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chart of the quarter
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going off-grid with batteries

June July August september October November December

battery system 
is at full 
capacity

priVAte sOlAr geNerAtiON 
Vs bAttery system 

requiremeNts iN iOWA

the battery system must 
store 55 days of average 
use by October, annually, 
in order to provide 
the necessary energy 
throughout the balance 
of the year due to the 
variability of private solar
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BENCHMARK NOTES

DO DRC POLITICS SPELL FURTHER PRICE RISES FOR 
COBALT? WHY 19 DECEMBER IS A DATE TO MARK…

LITHIUM ION 
BATTERY 
ExPORTS 
REACH NEW 
PEAK IN H1 

27 October 2016

18 August 2016

In 2020, what cell production cost 
level will Tesla’s Gigafactory force 
batteries down to (per kWh)?

5%

5%

$300-250

$350-300

12%

78%

$250-200

Sub-$200

World Tour: what new city would 
you like to be added next year?

11%

14%

Cape Town

Seoul

25%

75%

San Francisco

Perth

BENCHMARK | BLOg BENCHMARK | POLLS 

n Benchmark publishes free blog posts at benchmarkminerals.com/blog 
n Receive them direct to your email by signing up to our newsletter  
 on the same page 

n Benchmark Polls are not
  scientific polls, but rather
 a snap shot of opinion from  
 Benchmark’s social media
 network.

26 July 2016

LITHIUM CONTRACT PRICES BEgIN Q3 MOvE 
TOWARDS HIgH CHINA LEvELS
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what’s being said | twitter

Oct4th ‘‘CONFIRMED: Former Rio Tinto geo, Cantor 
Fitzgerald broker, @CDMRawles joins 
Team Benchmark to focus on cobalt ... 

#WelcomeCaspar
Benchmark Minerals @benchmarkmin  

World Tour 2016 
done. With thanks  
to all our speakers 
and sponsors who 
we couldn’t have 
done it without 

Tesla Surprises 
Markets Posting 
Quarterly Profit

Inc. @Inc

Should m
ention that the Tesla solar roof is robust against any 

w
eather, incl heavy hail. A

lso, higher insulating value than a 
standard roof. Elon M

usk @
elonm

usk  

Powerwall 2 stores solar 
energy to power your 
home with 14 kWh of 
storage
Tesla @TeslaMotors
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Could this spell the start of the true squeeze 
of the #cobalt market that many have 
expected... Mitchell Smith @MitchSmithVanc

28th Oct‘‘

Is a cobalt Christmas  
crunch coming? Why  
19 Dec is a date to mark…  
Caspar Rawles @CDMRawles 

27th Oct‘‘

22
nd

O
ct

‘‘ 21st Oct‘‘

26th Oct‘‘
25th Oct‘‘ 28th Oct‘‘

20
th

O
ct

‘‘

28th
Jun‘‘

Daimler’s lithium ion battery hub in 
Saxony. Benchmark gained exclusive 

access back in June before any 
announcements

Benchmark Minerals @benchmarkmin 
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Simon Moores @sdmoores



TO UNDERSTAND THE 
FUTURE, YOU NEED 
RELIABLE DATA ON 
THE PRESENT.

The speed at which people adopt new technology 

is increasing.

Low carbon industries such as lithium ion batteries 

are becoming mainstream. Yet the supply chains 

that serve them are slower to react.

Lithium, graphite and cobalt are core critical 

minerals that the Benchmark team travels the 

world to learn about.

To understand the future, you need reliable data. 

This is why we have tailored methodologies for 

each mineral we collect price data on.

And our dedication to learning every link in the 

supply chain for disruptive technology means our 

insight is unrivalled.

Learn more at: www.benchmarkminerals.com




