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Developments in hybrid vehicles and

their potential influence on minor metals

by Roland Chavasse, SFP Metals (UK) Ltd.

Minor Metal Trade Association and Metal Pages: Minor Metals 2005, Lisbon, Portugal

Good morning Ladies and Gentlemen.

Hybrid gasoline-electric vehicles are a source of major new demand for minor metals,
especially cobalt. The aim of this presentation is to throw light on why, when and by how
much this new demand is likely to affect the market.

To that end | would like to
e Introduce hybrid vehicles in their modern context.
¢ Outline the dynamics behind the present hybrid vehicle market.
o Highlight the integral nature of cobalt to hybrid vehicles.
o Forecast the potential impact of hybrid vehicles on cobalt demand.

An Introduction to Hybrid Vehicles and Minor Metals

On the road, in the press and even at metals conferences it is becoming increasingly difficult
to avoid hybrid vehicles - that is vehicles that draw their power from both an internal

combustion engine and

an electric motor. gf‘_p Winor Metals

S%’ gsizgc:rzgnrfé?grthe Fuel Efficiency in US Vehicles

hybrids achieve levels of 60

fuel efficiency far 50 -

beyond that of c

conventional vehicles, § 40

and getting more miles 5

to the gallon is very g 30

appealing to consumers =

faced with high fuel g 207

prices. They also 2 10 -

produce less emissions, ﬂ

making them popular 0
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0 _ The relevance of
Stp 2008 usson | hybrid vehicles t
wnl's ybrid vehicles to
) . minor metals is in the
US Hybrid Vehicle Fleet 1999-2004 new materials-recipe
that hybrids require.
200 - Those metals used in
hybrid engineering will
see demand increase
8 150 + proportionally to the
2 production rate of
2 100 hybrid automobiles, a
° rate that in the last few
@ years has boomed.
é 50 +
1999 2000 2001 2002 2003 2004
www.sfp-metals.co.uk  Sources: J D Power & Associates, Toyota, Honda, Associated Press For information only

As illustrated on this stylised hybrid, the main metals used in the recipe for hybrid engineering
are:

e In the rechargeable battery: up to 16kg of nickel', also cobalt, iron, samarium &
other rare earths.

¢ In the motor & generator: neodymium, iron, boron, cobalt, copper.

e In the wiring: up to 45kgs of copper".

Leaving aside the big LME metals and the rare earth elements, cobalt emerges as the minor
metal most affected by hybrid vehicle production.

As we shall see in a

moment, hybrid- S—FLP 2008 Lishon
driven consumption is
set to impact the Motor / Generator .
r‘{’r -_---""'\-\.1-_-_
cobalt market hard. Nd, Fe, B, Cu, Co a0
This review will ~ ——— : =

o
concentrate on the

US market where
unique circumstances
have so far translated
into the highest sales
of hybrid vehicles.

www.sfp-metals.co.uk For information only
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1. Developments in Hybrid Vehicles

Lisbon, Portugal

Hybrids are among the most intriguing technological trends to appear in the past decade.
However, while their mass-production is a recent phenomenon, hybrid technology is not itself
new. Like a recessive gene hiding in automobile DNA, electric drive systems have been
around ever since engineers first moved carts out of stables and into garages.

In the early days of automobiles, before the hegemony of gasoline (petrol) became

unquestioned, steam, gasoline, electricity and even peanut oi

system of choice.

The shear diversity of
automobiles in those
early days is telling. In
1900, 4,200 cars were
sold in the USA of which
38% were electric, 40%
steam and only 22%
gasoline".

Electric vehicles even
held the world road
speed record for three
years between 1899 &
1902" - a speedy 66
miles per hour (106
km/h)*".

Perhaps the worlds first
hybrid was built by Dr
Ferdinand Porsche who
in 1899 built a vehicle

that used a petrol engine to drive a generator that powered four electric motors™.

IiV

all competed to be the power

US Vehicle Sales 1900
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Gasoline
22%
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Electric
38%
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However, in 1909 the
Model T Ford was
launched and from then
on gasoline was the
unrivalled source of
vehicle power.

The rare exceptions to
this rule were
specialised utility
vehicles and concept
cars, such as milk
delivery vehicles and the
Sinclair C5.
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For decades little changed. Then in 1973 the oil crisis started” causing gasoline prices to
rise 50% in a year; suddenly fuel efficiency was an issue. Encouraged by government
regulations™ by the late 1980s America’s vehicle fleet was considerably more efficient and
gradually the path was being prepared for hybrids.

One of the first modern hybrids was built by General Motors in 1986™", but with gasoline
prices at under $1.00 per gallon™ the project was scrapped in anticipation of low consumer
demand™".

General Motors’ foray into hybrids was followed in 1993 by the US Government's PNGV
program, aimed at developing a “super efficient” car capable of 80 mpg. Despite a budget of
over $1.4 billion it achieved very little*"' and the concept cars it produced were quickly
forgotten.

Lisbon, Portugal

However, across the Pacific Ocean, in Japan, things had taken a different turn.

As early as 1989 Toyota was funding research into hybrid technologies and in 1992 they
published their first “Earth Charter”, a manifesto for low emission vehicles. This ultimately led
to the development of the Prius, which first emerged at the 1995 Tokyo Motor Show™ """

SFP Research Department For information only See disclaimer page 13 Page 4
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2. Circumstances of the US auto-market

Lisbon, Portugal

The first hybrid to be offered in the USA was the Honda Insight in late 1999, followed in 2000
by the Toyota Prius. In just five and a half years hybrid vehicles have made manufacturers

and consumers alike sit up and take notice.
But why now?

e High gasoline prices

An important factor, if not )

Minor Metals
2005 Lisbon

the most important factor, S'P

is the rising US gasoline . .

price, reﬂe%ting ?,igher US Gasoline Prices 2001-2005
crude oil prices. Since 25

December 2001 average
gasoline prices have more
than doubled from $1.08 27

XiX

to $2.30 per gallon™.

With gasoline at $1.08 per
gallon and small, quirky
designs, the early hybrids
had a reputation of being
cars for environmentalists.

1.5 1

USS$ per Gallon

0.5

Today, however, with
gasoline at $2.30 per
gallon and packaged in
conventional designs,
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hybrid vehicles appeal on

an economic level the mainstream public respond to strongly™.

TR
Q + ) Minor Metals
\‘__)'__| 2005 Lisbon

Early Hybrids
Honda Insight (1999)

Toyota Prius (1997)

Modern Hybrids
Ford Escape (2004) Lexus RX400h

(2005)

www.sfp-metals.co.uk For information only

High fuel costs make
consumers acutely aware
of a vehicle’s fuel
efficiency and in a recent
survey 40% of consumers
indicated that fuel
efficiency would play a
major part when deciding
which new car to buy. The
four most efficient vehicles
on the market today are all
hybrids.

Currently hybrids
command a premium over
equivalent conventional
models of $500 to
$4,000®, but as you can
see below, for the Ford
Escape Hybrid measured

against its non-hybrid sibling, the $2,600 premium is negated appreciably faster with higher

fuel prices.

SFP Research Department For information only
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EJS Gasoline Prices & Hybrid Vehicle Premium:
Ford Escape Hybrid (2005)
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to six months™" the market fundamentals speak for themselves.

e Tax incentives

Lisbon, Portugal

The time taken for the
hybrid premium to
break-even with the
Ford Escape Hybrid is
11.3 years at $1.08
per gallon, but falls to
5.6 years at $2.30 per
gallon.

The hybrid market is
too young to
accurately measure
the elasticity of
demand against rising
fuel costs. This is
because consumption
of hybrids has so far
been limited by tight
supply.

But, with waiting lists
for new hybrids of up

Hybrid vehicles are a hot political topic and are being actively promoted both in the fight
against air pollution and as a strategy to reduce America’s dependence on foreign oil. To this
end, hybrid vehicle buyers in 2005 can claim a federal tax break of $2,000°".

R

LD

US Gasoline Prices & Hybrid Vehicle Premium:
Ford Escape Hybrid (2005)

Minor Metals
2005 Lisbon

€))

$4.00
With $2,000 Without tax-

c tax-break breaks
[}
T $3.00 -
o
[ $2.30
8
- %200
s |

$1.00 -

$0.w H" T T T T v T T T T T T T

o 1 2 3 4 5 6 7 8 9 10 11 12 13

Years to break-even

Note: Annual fuel cost is based on 15,000 miles of travel each year (55% urban, 45% highway), US Department of Energy
www.sfp-metals.co.uk Source: Ford, MSNBC.com, US Department of Energy, 2005 For information only

If we look at the Ford
Escape Hybrid again,
we can see that with
gasoline at $2.30 per
gallon and a $2,000
tax break, the hybrid
Escape breaks-even
in just over a year.

Many US states also
offer incentives to
hybrid consumers
and they even find
approval with the
White House.

XXiv

In a speech last month in Virginia, President Bush™' proposed that from next year “[to]
conserve gas and protect the environment, ... every American who purchases a hybrid

vehicle [will] receive a tax credit of up to $4,000".
This will remove the premium on hybrid vehicles altogether.

SFP Research Department For information only
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Lisbon, Portugal

e Capable hybrid technology

Both the computer programming and mechanical technology behind hybrid engines has
come a long way in the last decade and continues to progress rapidly.

Parallel to the gains in hybrid engines, rechargeable batteries have also improved
considerably since the early 1990s and are now up to the rigorous demands of hybrid
vehicles.

Currently hybrids use nickel metal hydride batteries, and while there is an expectation that
one day lithium-ion batteries will be used instead, industry insiders, including one US supplier
close to Toyota and Honda, say that the switch is unlikely before 2012™".

e An underdeveloped diesel market

Another reason for the popularity of hybrids is that consumers in the US looking for low-cost
vehicles do not have the option of diesels. Tight air quality regulations, which are set to get
even tighter in 2007, have meant that today less than 1% of the US vehicle fleet is diesel
powered™"".

Diesel vehicles initially cost $1,000 to $3,000 more to buy, but like hybrids, they save money
in the long run with their more efficient engines.

e Fuel Cells Vehicles (FCVs) are not yet commercially viable

FCVs are electric cars that generate their power from the chemical-electric reaction of
hydrogen and oxygen. Their only emission is water, earning them the title “zero emission
vehicles” (ZEVs). To many people, fuel cell vehicles are the Holy Grail of automotive design,
removing transport pollution at a stroke.

However, FCVs currently lack supporting infrastructure, cost $800,000 each™"" and are at
least a decade away from commercialisation™”.

Hybrid technology is often billed as a stepping-stone to FCVs and indeed it is. The
Economist has called hybrid technology the platform from which future clean vehicles will
evolve™ as all the motors and batteries from hybrid vehicles are two of the essential features
of FCVs.

So, if and when FCVs reach mass production, cobalt will be there too.

e Toyota

It always helps to have a powerful backer when you are the new show in town, fortunately for
hybrids, they have Toyota. Toyota’s President, Fujio Cho, has stated the goal that
“Eventually each [Toyota] model range will have a hybrid version”.

Measured by vehicle sales Toyota is the second largest vehicle manufacturer in the world,
having overtaken Ford in 2003. But sales figures alone miss the point. In the financial year to
end March 2005 Toyota made $11 billion profit and has currently has a market capitalisation
of just under $130 billion, making it by far the wealthiest vehicle manufacturer in the world.

Although one General Motors Vice Chairman has dismissively referred to Toyota’s financial
commitment to hybrid vehicles, and the positive association it has gained as a result, as an
“advertising expense”, Toyota has spent over $800 million so far on this project. If anyone
has the power to make hybrids happen, Toyota has it.

Hybrids have arrived. Now lets look at where cobalt fits the picture.

SFP Research Department For information only See disclaimer page 13 Page 7
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2-2) Today’s hybrid vehicles and their consumption of minor metals
As with all technologies, hybrids have numerous mechanical configurations. The three main
varieties are:
e Soft- or Micro-hybrids

These are constructed like conventional vehicles but have an engine programmed to shut
down when the car is in stationary traffic, thus saving fuel. Soft-hybrids have zero impact on
cobalt consumption and are not included in the forecasts made later.

o The Citroen C3 ‘Stop & Start’ is a soft-hybrid*.
e Mild-hybrids
These vehicles, as well as having stop-start engines, have an electric motor that aids

acceleration. The motor’s rechargeable battery can be charged either by the engine or the
wheels acting as generators during driving or breaking respectively.

o Mild-hybrids include the Honda Accord, a car that uses up to 17%™ electric
power.

e Full-hybrids

Full hybrids posses the abilities of mild-hybrids but can also be driven purely by the electric
motor. Such a powerful system requires large motors and batteries to match.

o The Toyota Prius is a full hybrid and uses up to 46%"

electric power.

IR winormetaie | FYOM this list

S-—- 2005 Lisbon variations

. occur,
Hybrid Technology including plug-

in hybrids that

Stop / Start | Accelerator | Regenerative | Full-electric are charge;d
Engine assistance | breaking driving off the national
electricity grid,
Soft- or but this is not
Micro-hybrid ‘ relevant here.
e.g. Citroen C3 |
‘Stop & Start’
Mild-hybrid ,
e.g. Honda e - _,”_\ LN Hybl’ld
Accord Hybrid !-e- B - vehicles
consume
Full-hybrid . CobaIF in the
e.g. Toyota ‘” electric motor
Prius w and generator
and in the
rechargeable
www.sfp-metals.co.uk For information only battery

2-3. Motors and Generators

Hybrid vehicles employ approximately 1kg (2.2 Ibs) of neodymium-iron-boron (NdFeB)
magnets in their motors and generators, this is some 800g more than conventional vehicles.

These magnets are extremely strong, relatively light and are approximately 5-10% cobalt.
A hybrid vehicle will use approximately 75g of cobalt in its magnets.

SFP Research Department For information only See disclaimer page 13 Page 8
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Lisbon, Portugal

In 2004 98% of hybrid vehicle batteries were nickel metal hydride (NiMH) and made by just

two companies:

e Panasonic EV Energy™™":

XXXIV,

part owned by Toyota and supplier of batteries for the

Toyota Prius and Honda'’s Civic and Insight hybrids.

e Sanyo: supplier of batteries for the Ford Escape and Nissan Accor

Full- and mild-hybrids
both use nickel metal
hydride batteries as
they provide the
optimum trade-off
between power
density, weight, cost
and safety.

In high quality nickel
metal hydride
batteries cobalt
accounts for some 4-
6% by weight and it is
in batteries that the
real surge in demand
for cobalt is being
generated.

The 800Ib gorilla of
the hybrid market is
the Toyota Prius,

d XXXV

- HIJ.:J Minor Metals
W), 2005 Lisbon

Nickel Metal Hydride Battery

Others

Plastics
Electrolite Nickel (Ni)

(KOH)

Rare Earths
(Sm etc.)

Cobalt (Co)

Iron (Fe)

www.sfp-metals.co.uk Source: Battery Association of Japan, 2005  For information only

forecast to capture 50% of the US market this year.

US Hybrid Market Forecast 2005

The Prius battery
weighs 28kg and
contains an estimated
1.4 kg (3 Ibs) of
cobalt.

SP

—— 100%

Mild
Hybrids - 80%
60%

Full
Hybrids 40%
20%

S~— 0%

www.sfp-metals.co.uk

This figure forms my
‘average’ hybrid

@ Others _
battery size as

Honda Accord Nissan’s mild-hybrids,

m Honda Civic with their smaller

batteries, are offset
by four big new SUV
full-hybrids with
bigger batteries.

[0 Ford Escape
Lexus RX400H

@ Toyota Highlander
Toyota Prius

Source: Toyota, Honda, Lexus, Ford  For information only

2-5. Summary

The average hybrid vehicle sold in 2005 will contain 1.47 kg (3.2 Ibs) of cobalt.

SFP Research Department

For information only See disclaimer page 13 Page 9
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3. Forecasts of Future Developments in Hybrid Vehicles

On a global level the drive for more efficient vehicles can b
line issue: the price of oil.

e boiled down to a single bottom-

Unfortunately for car-drivers, but fortunately for hybrid vehicle sales, long-term oil prices are

h XXXVi

likely to remain relatively hig

W

=
S P

M
2

“High oil prices are here to stay...

With the number of world motorists in
the world set to double over the
coming decade, the only one way for
[gasoline] pump prices to go is up”

The Economist, Intelligent Life supplement
Summer 2005

www.sfp-metals.co.uk For info

In terms of hybrid
vehicle sales, the non-
US global market will be
dominated by Japan.
Here the near total
absence of diesel
vehicles™"", widespread
use of urban small cars
and popularity of
technology, creates high
demand for hybrids.

Toyota has made
hybrids available in
China too and although
in the short term the
premium may deter
consumers, this is
potentially a massive
market.

inor Metals
005 Lisbon

rmation only

Meanwhile in Europe, a fiercely competitive and deeply entrenched diesel sector accounts

XXXViii

for 50% of new vehicle sales
at least in the short term.

In the foreseeable

, meaning hybrids are likel

y to remain somewhat of a novelty

=

-l
S'P

future the steady
ascendancy of hybrid
vehicles in the US

Growth in automatic gearboxes

Minor Metals
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looks assured as the

in US Vehicle sales

market conditions

outlined earlier, 100

continue.

One indicator of just
how fast a premium
new technology is
made economical
and mainstream can
be found in the
uptake of automatic
gearboxes™™ and

80 -

60

40

market penetration (%)

20

also anti-lock break
systems (ABS)”.

1945 1950 1955
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Hybrid vehicles are expected to continue their rapid growth to date. By 2010 the US market
is expected to purchase 800,000 to 1.4 million hybrid vehicles per year, approximately a 5 to
8% market share, depending largely on how robust high gasoline prices are and how quickly
new production lines are brought on stream.

This is expected

S‘F_ 2005 Li to increase to 2.5
to 3.5 million
: vehicles, a 15 to
US Hybrid Market Forecast 2005-2015 20% market
share, by 2015
4 as economies of
scale and tighter
emissions
31 regulations make
§2) hybrids
5 5 increasingly
S commonplace.
£ 1
Other analyst’'s
forecasts are
0 available for
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 comparison
below.
W Low Forecast @ High Forecast
<k
Various US Hybrid Market Forecasts
W Banc of America Securities A Automotive Technology Research m J D Power & Associates
& Freedonia Group ® US Department of Energy ©® ABIResearch
OSAT & University of Michigan Booz Allen Hamilton M Fiat
4 _
3 i
Ju
5 5 m P
S
S
1 ® '
o
O \- \' T .\ T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
www.sfp-metals.co.uk For information only
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Together, what these regional forecasts add up to, is global hybrid sales by 2010 reaching
1.8 to 2.6 million units, and rising to 4 to 6 million units by 2015 as increasing numbers of

manufacturers and models come on line.

»l"_ Minor Metals
2005 Lisbon

Global Hybrid Market Forecast 2005-2015

million units

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

‘ W Low Forecast W High Forecast ‘

www.sfp-metals.co.uk For information only

3-1. Hybrid vehicles and the cobalt market

These figures do not
include soft hybrids,
military vehicles or
industrial heavy
vehicles, all sectors
where hybrids are
also generating
interest.

Hybrids are here to
stay and will play an
increasing part of the
world market, both in
the number of units
sold and number of
models offered with
hybrid features.

Based on these estimates for the growth of hybrid vehicles, the new cobalt demand
generated will be in the range 2,650 mt to 3,800 mt by 2010 and 5,500 to 8,500 by 2015.

\ -‘r:l :J Minor Metals
| 2005 Lisbon

'ﬂ

Cobalt Demand from Global Hybrid Market
Forecast 2005-2015
10,000
8,000 ~
é 6,000 -
g 4,000 +
=
2,000 -+

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

‘ W Low Forecast EmHigh Forecast‘
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demand for cobalt... r
prices to be in the range $18 to $25 per Ib through to 2008*".

Sourcing of the extra
cobalt demand
generated from
hybrids will doubtless
impact the market.

Today the cobalt
market is tight. In
March 2005 Mitsui
Busan™ predicted the
cobalt market would
see a deficit of 1000
mt this year and at
the recent CDI
conference in Paris,
Philip Tomlinson of
the metals
consultancy CRU
Strategies said there
was currently “strong

In the short term, demand will be constrained by supply” leading to

With cobalt producers all running at full steam, evaporating DLA stocks and no major new
projects due to come online for at least 18 months, providing the additional cobalt units for

hybrid vehicles may not be straightforward.

SFP Research Department For information only
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Conclusion

Hybrid gasoline-electric vehicles have come a long way from being a research concept and
today they represent a bold statement about the future of vehicle engineering. Hybrids are
the latest in a long line of pioneering automotive technologies to have reached economic
maturity.

High fuel prices, one of the principal drivers behind demand for hybrid vehicles, are expected
to remain in place at least in the short term, and, according to the US Department of
Energy*™, probably in the long term too to some extent. This will benefit the hybrid market,
not least by neutralizing the hybrid price premium which has been a stumbling block to
hybrids’ mass appeal in the past".

Toyota believe “hybrids are here to stay™” and have committed themselves to manufacturing
hybrids on a cost parity with conventional vehicles®"'. When this happens hybrid technology
will become competitive and commonplace.

Twenty first century vehicles will incorporate increasing amounts of hybrid technology and
this will cause a profound influence on the cobalt landscape.

Backed by the industry giants and caught by the popular imagination, hybrid vehicles are a
taste of the future, today, and are on course to become a source of major new demand for
cobalt.

Thank you.

SFP Metals (UK) Ltd.

25 Grosvenor Street
London, W1K 4QN
United Kingdom

Tel: +44 (0) 20 7629 8887
Fax: +44 (0) 20 7629 9622
cobalt@sfp-metals.co.uk
www.sfp-metals.co.uk

Disclaimer: This document is offered for information purposes only. No representation, warranty, or undertaking (express
or implied) is given and no responsibility or liability is accepted by SFP Metals (UK) Ltd ("SFP") or by any of its officers,
employees or advisers, in respect of (a) the completeness or accuracy of any of the material contained in this document (either
as at the date of the document or at any time thereafter) (b) the neutrality or balance ofits perspective or (c) oral
representations or statements made about the document or any of its contents by SFP, its officers, employees or advisers. This
document does not constitute an invitation or recommendation by SFP to the recipient to buy, sell or take any other action in
respect of the commodities referred to in it. In reaching a decision to buy, sell or take any other action in respect of these
commodities, the recipient should make its own investigations and not rely on the information contained in this document. Any
opinions expressed outside of the quoted press articles are those of the writer and the selection made is at the writer’'s
discretion. SFP accepts responsibility for neither. SFP may have a long or short position in relation to the commodities
mentioned in this document and may add to, dispose of or take any other action in respect of such commodities.
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